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Abstract  
 

The link of memory to intelligence is incontestable, though the 

development of electronic artifacts with memory has confounded 

cognitive and computer scientists‘ conception of memory and its 

relevance to ―intelligence‖. We propose two categories of 

―Intelligence‖: (1) Logical (objective) — mathematics, numbers, 

pattern recognition, games, programmable in binary format. (2) 

Emotive (subjective) — sensations, feelings, perceptions, goals 

desires, sociability, sex, food, love. The 1
st
 has been reduced to 

computational algorithms of which we are well versed, witness 

global technology and the internet. The 2
nd

 relates to the 

mysterious process whereby (psychic) emotive states are 

achieved by neural beings sensing, comprehending, 



Prime Archives in Medicine: 2
nd

 Edition 

3                                                                                www.videleaf.com 

remembering and dealing with their surroundings.  

Many theories and philosophies have been forwarded to 

rationalize this process, but as neuroscientists, we remain 

dissatisfied. Our own musings on universal neural memory, 

suggest a tripartite mechanism involving neurons interacting 

with their surroundings, notably the neural extracellular matrix 

(nECM) with dopants [trace metals and neurotransmitters 

(NTs)]. In particular, the NTs are the molecular encoders of 

emotive states. We have developed a chemographic 

representation of such a molecular code. 

To quote Longuet-Higgins, ―Perhaps it is time for the term 

‘artificial intelligence’ to be replaced by something more modest 

and less provisional‖. We suggest ―artifact intelligence‖ (ARTI) 

or ―machine intelligence‖ (MI), neither of which imply 

emulation of emotive neural processes, but simply refer to the 

‗demotive‘ (lacking emotive quality) capability of electronic 

artifacts that employ a recall function, to calculate algorithms.  

 

Keywords  
Cognitive Information; Emotions; Mentation; Memory; 

Metal Complex; Neurotransmitter Background  
 

The overwhelming quest in cognitive science has been (and still 

is) to scientifically describe mental processes, notably memory, 

emotions and intelligence. Is it possible to chart the complex 

terrain of the emotive mind and to build a device or algorithm to 

mimic such? 

 

Memory is the key to "mind", manifest as intelligence and 

emotions. In that ubiquitous artifacts (iPhones, iPads, computers) 

operate with a function called "memory", the popular consensus 

is that these artifacts emulate the processes whereby biologic 

neural nets memorize and learn [1-11]. The founders of 

computation [12-15], the latter presenting with neurobiologist 

McCullogh at the Hixon Symposium lectures [16], believed that 

their algorithms mimicked the mentation talents of neural brains; 

that computation and mentation are equivalent processes. The 

field of Artificial Intelligence (AI) is rife with such an 

assumption [17-35]. 
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What is desired and needed is a compelling thesis that comports 

with the material basis of all living tissue, but also offers insight 

into the unique talent of the biologic neural net to achieve 

psychic states, to experience memory and emotions, manifest as 

intelligence. To fashion such a thesis, one must be guided by 

certain principles and rationalize experimental "facts". 

 

For example, if "form follows function", one could consider that 

the neural shape implies something about its interactions with its 

physical surroundings. From the time of Cajal, all considered 

that synaptic electrodynamic signals between neurons served as 

the core of neural mentation [36,37]. The Hebb concept of 

"synaptic plasticity" based on such, has become the modern 

mantra [37,38]. But reservations have been voiced [40-43]. In 

particular, it was noted that there are many non-synaptic neural 

signaling possibilities [44,45] through the ubiquitous 

extracellular matrix (nECM) around all neurons [44-49]. The 

nECM may well have a function related to signaling between 

neurons (including astrocytes [50]), that are not suspended in 

space, not "naked". This suggests that one cannot remain 

anchored to the Cajal-Hebb concept of synaptic contacts as the 

exclusive signaling modality between neurons, discussed further 

along our narrative. 

 

Many attempts have been made to pierce the mystery of neural 

intelligence and memory, with a literature too vast to cite here 

(but see [51]). All manner of experiments have been designed to 

illuminate one or another aspect of this neural talent, including 

biochemical analysis, electrodynamic measurements, and in 

recent times, fMRI (functional Magnetic Resonance Imaging). 

Simulations with computers have also been used to construct and 

evaluate possible models of brain processes. 

 

Paradigm Shift  
 

But as in any field, phenomena or observations that do not fit a 

consensus model are simply not recognized as "facts" to be 

considered. Rather, it requires a paradigm shift for 'facts' to be 

recognized and a new model accepted [52]. In neurobiology for 

example, most research is directed to articulate the Cajal-Hebbs 

javascript:;
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model of learning and memory, based on 'synaptic plasticity', the 

increased functionality of synaptic signaling between neurons. 

But objections have been raised to the idea that synaptic 

plasticity can encode/decode memory. Active electronic circuits 

do not store information, but process and transmit it between 

microprocessors with memory storage capability. In that 

information is physical [53], it requires a place wherein it can be 

stored for short or long periods (i.e., RAM). Electronic memory 

is not stored in reverberating circuits, but is physically embodied 

in dopants, spins, holes, pits, etc. distributed in a synthetic matrix 

a "memory material". Thus, as the information technology races 

to ever increase the memory capacity of computer chips, it 

develops new "memory materials" [54-60] and decreases the size 

of microprocessing circuits. 

 

From a biologic perspective, the evidence of neural shape and 

the non-synaptic signaling modality (volume transmission) [61-

63] though the nECM, is generally overlooked, ignored as 

irrelevant to the neurons' unique mentation talent. So too is the 

fact that neural nets are emotive systems that cannot be simply 

mimicked by electronic devices. 

 

 
 
Figure 1: Neural cells drawn by Cajal (from [37], with permission of Frontiers 

Neuroanatomy). 
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We term these as "naked neurons", as the background nECM is 

ignored.  

 

Emotions  
 

Emotions are the bedrock of neural mind states. But in spite of 

many attempts to compute emotions [16,64-77], it is inescapable 

that electronic artifacts lack an affective mode of processing 

information, are 'demotive', totally lacking in emotive quality. A 

mathematical equation [16,64] or unary algorithm [28,29] cannot 

conjure a psychic state called 'emotion'. Though we know how 

artifact memory works and can fabricate chips constructed with 

"memory materials", this does not clarify the memory process of 

biologic neural nets resulting in psychological states. Likewise, 

quantum or optical effects do not serve to explain the 

combination of physiologic reactions and psychic states 

associated with emotive memory. 

 

We suggest that one needs to couch the rationalization of neural 

memory in terms appropriate to biologic systems and not simply 

to appropriate terms i.e., "neural net". It is a pharmacologic fact 

that many legal and illegal drugs which affect memory, 

simultaneously elicit psychic as well as physiologic reactions. 

But this chemical fact has not been considered as cogent to the 

encoding of emotions in neural memory. Thus, we have 

remained dissatisfied and continued to search for a chemical 

rationale to describe the coding of neural memory and emotions, 

the pillars of intelligence. 

 

Intelligence Defined  
 

"Intelligence" is a talent that has been defined in many different 

ways, including capacity for logic, abstract thought, 

understanding, self-awareness, learning, emotions, creativity and 

problem solving. 

 

"The faculty for adapting oneself is the property of intelligence 

and that the power of adaptation is the measure of it" 

 

— Binet and Simon, 1916, authors of the IQ test [78]. 
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The link of memory to abstract thought described as 

'intelligence', is incontestable. Biologists have deployed 

convincing tests that demonstrate that animals (ducks, rats, 

primates) exhibit intelligence through non-verbal mentation [79-

86]. In man, there may be special classes of talents described as 

"intelligence" for music, math, language which spring from 

homo sapien's talent for language. 

 

Types of Intelligence  
 

From our perspective, one can divide intelligence into two 

categories with key characteristics: 

 

1. Logical-Intelligence expressed by an electronic artifact 

programmed with logical, binary algorithms. Artificial 

intelligence (AI) is synthetic example though it may be 

misnamed, as discussed later. AI algorithms can map places in 

space, land and sea (navigation), interpret facial features of 

humans, recognize the pattern of fingerprints, mimic the 

grouping behavior of virtual creatures ("vants", "boids", 87 

Levy, 1992), fly drones, monitor credit card usage, affect the 

walking pace of a robot, and learn from previous efforts. 

 

The development of machines that learn from experience lies at 

the basis for what is called AI. Generally, a 'goal' is imposed by 

the programmer so that the learning algorithm can optimize the 

achievement of this goal. AI computers can play board and word 

games and learn moves. Recent examples of such are the 

championship wins of computer systems in chess (IMB's Deep 

Blue beat Kasparov, 1997), Go (Googles Deep Mind won over 

Lee Se Dol in 2016; 35) and in the verbal recall game Jeopardy 

(IBM's Deep Blue beat human champions Ken Jennings and 

Brad Rutter, 1997). A listing of AI talents would include: 

counting, pattern recognition, game playing, objective 

manipulation of symbols. 

But the computer's goal lacks an empathic facet. Recognizing 

emotions in the voice or face of humans, or remembering lists 

and game patterns is not the same as experiencing emotions 

psychically as well as physically. Quite to the contrary, the 

artifacts of inorganic circuit boards, which operate with binary-

javascript:;
javascript:;
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based algorithms in electronic mode, are bereft of emotive 

context ('demotive'). 

 

2. Emotive neural intelligence (NI) is a talent ascribed to living 

organisms which experience emotive states and learn to adapt to 

an everchangeing environment to obtain food, survive and 

reproduce. 

 

'feelings' are perceptions from our sense; 'emotions' are psychic 

experiences of temporally past physiologic states (recalled 

feelings). 

 

Thus, 'feelings' only require physical stimuli and can be 

mimicked by electronic sensors (i.e., video camera, pressure 

sensor, thermometer). But emotions cannot be electronically 

mimed and operate through memory. What other signaling 

modality is available to the neuron? 

 

A listing of recalled emotive states includes: Feelings, sensations 

(hunger, pain, etc.), goals, desires, sociability, drive to survive. 

All these states require memory; each ultimately 

rated/judged/valued by emotive aspects, remembered to survive. 

Of course, non-verbal animals also experience emotions and 

memory [79-86]. The crux of neural mentation and intelligence 

lies in emotive states. One cannot grasp the essence of neural 

intelligence by ignoring emotions. Rather, one wants to develop 

a "universal" model of emotions and memory that applies to all 

neural creatures. 

 

Hypothesis: Tripartite Mechanism of Neural 

Memory  
 

As far as we know, no-one has ever addressed the potential for 

neurons to employ a chemodynamic signaling molecules for 

encoding and recalling emotive states. We have proposed [86-

93] that memory involves the interactions of 3 brain 

compartments, as listed: 

 

1. Neurons — sets of highly extended cells employing both 

electrodynamic and chemodynamic signaling modes. 

javascript:;
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2. nECM — comprising a heterogeneous collection neural 

extracellular matrix of biopolymers (chondroitins, hyaluronates, 

heparans and proteins) entangling the neurons. 

 

3. Dopants — comprising diffusible metals and neuro-

transmitters (NTs) released into the nECM. 

 

The brain is an assembly of neurons whose mentation 

performance, manifest as an emerging talent must be ultimately 

governed by the laws of chemistry and rules of biology [94]. It 

achieves a conscious state under metabolic conditions similar to 

those of an aggregate of bacteria, from which they evolved. In 

fact, both employ identical bio-modulating molecules (Table 1). 

Moreover, the shape of the neuron suggests signaling to other 

cells via synaptic contacts as well as non-synaptic signaling 

through the surrounding nECM (Figure 2). 
 

Table 1: Bio-modulators of physiologic responses, which elicit both 

physiologic (feelings) and psychic (emotions) responses.  

 

 

javascript:;
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Figure 2: Schematic of 3 single neurons. 

A: Consensus model (background ignored) (from Wikipedia); B: Tripartite 

model, interacting with the surrounding nECM lattice, which functions as its 

"memory material". 

 

The cuinfo are not necessarily contiguous, but may be dispersed 

in various anatomic compartments of the brain. Emotive states 

with corresponding cuinfo (Figure 3 route a, Figure 4), are 

chemically encoded with > 100 NTs that can bind to the central 

metal of each cuinfo. The NTs elicit physiologic and psychic 

responses (feelings) (Table 1). 

 
 

Figure 3: Chemographic representation of the encoding of a nECM node 

(electron rich site or 'address'). 

https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Figure3
https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Figure4
https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Table1
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The binding of a metal encodes a cognitive unit of information 

(cuinfo), which can be tagged through the metal by 

neurotransmitters e.g., oxytocin, histamine (route a) to effect 

emotive memory or chemically tagged within the matrix (e.g., 

acetylation, phosphorylation, cross-linking) (route b) to affect 

numerous indexing options per encoding unit.  

 

 
 
Figure 4: Schematic representation of synaptic and non-synaptic transmition 

between neurons. 

A: "Naked neurons" in a Caja-type ne (ignoring surroundings); B: Tripartite 

net of neurons, surrounded by memory material, comprising nECM + dopants 

(metals and neurotransmitters). The neurtrix engulfing the neurons, effect 

neural memory on which neural intelligence is based.  

 

Recap  
 

Artifact processing of information with binary-coded algorithms 

can only achieve logical operations, a type of 'demotive 

intelligence' bereft of the dimensions that feelings and emotions 

brings to neural intelligence. One could pen a haiku: 
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"Haiku" to Emotions  
 

Emotions have no logic. 

 

Are affective, rather than "demotive". 

 

Circumscribed not by binary algorithms, but by Passion, Desire 

and Mood. 

 

There is no room between 0 and 1 for Emotions. 

 

For example, the movie Ex Machina reflects on the possible 

emotional involvement of a robot with a human [23]. The movie 

plot turned on a 'Turing test' that actually illustrated the 

"demotive" quality of the robot (compared to the emotive state of 

the human…an inherent distinction). But the plot had a built-in 

problem that was not addressed: Why did the robot desire 

freedom, encouraging the young programmer to an emotional 

relationship? Lacking Asimov's 3 Laws of Robotics [94], this 

robot could kill a human…and bring it to harm…and desire 

freedom. Others have tried to program an emotive quality to 

robots, but were not convincing [29,70-77,95]. 

 

Note on Neural Intelligence  
 

Desires and goals are based on emotive valuations. Even for 

supposedly rational economic models, the value or worth of any 

commodity or act is based on desirability, a totally emotive 

quality. Unlike "demotive" robots, the totality of NI, as 

experienced by a living creature, involves emotive components 

which ultimately gives worth/value to all stimuli mentated by the 

biologic neural net. 

 

Logical operations could be described quite apart from the 

particular 'hardware' on which they happened to be implemented 

in binary code. AI is essentially a series of advanced statistic-

based algorithms which review the past, to project future trends. 

It is "demotive". 
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Not so the biologic neural nets, which achieve emotive states 

integral to the particular body in which they occur. Unlike 

"demotive" binary (n = 0 or 1) or quadro-triplet info of DNA 

(i.e., triplets of 4 bases), cog-info is multinary (n > 100) and 

combinatorial, inherent to its associated neurons. It cannot be 

transferred and is lost by the host's death. 

 

The link of Memory to Intelligence is incontestable. Reflection 

suggests that the computer metaphor is a flawed model for neural 

memory and intelligence. By the same token, the idea that 

emotions are divorced from intelligence is not tenable, as 

emotions suffuse all aspects of valuation and meaning by man 

and animals. Is there an alternative? 

 

Rational (abstract) thought is ultimately driven by emotive 

motivation. While language is integrally tied to human 

intelligence, not so for animals, which have demonstrated ability 

for abstract thought coupled to memory (cited above), but are 

wordless. Nonetheless, animals also experience emotions, 

memory and intelligence, as well as logical mentation, 

exemplified by objective criteria such as: use of tools, 

navigation, remembrance of places, group hunting, group 

communication, manifestations of curiosity. 

 

For NI, time, distance and causality are interwoven with feelings, 

recalled as emotive memory. Learning by reward and 

punishment (conditioning) is enabled by affective signals and 

valuations (i.e., pain, food) [6,7]. Even for the logic-content 

activities of humans, the underlying motivation is ultimately 

emotive. Goals, desires, motivation and meaning are all set by 

emotive signals and valuations. 

 

The perceptive mechanism of neurons is inherently coupled to 

emotive reality. Unlike the electronic artifact, the living neural 

creature is immersed in a continuum of emotive states, some 

which must be remembered to survive, manifest as learning and 

intelligence. There may be a particular talent of some individuals 

for mathematics, logic, games or abstract thinking. It is this 

particular talent of humans, tied to language, that the computer 

can perform. But the basis of intelligence of any neural creature 

javascript:;
javascript:;
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(i.e., NI) relies on a memory 'colored' with a rich palette of 

emotive factors, which establish meaning to recalled stimuli. 

 
Figure 5: A bird nest. 

While one can opine that the bird was motivated by instinct, there is an 

undoubted logical component to the construction of its nest. 

 

A consummate test of AI has been considered to be the ability to 

translate human languages. Much effort has been expended to 

enable translation programs to parse sentences, to extract 

meaning from verbs and nouns, to render translated text 

"natural" [95-99]. But linguistic reference to emotive states is 

quite different from the existential states achieved by sets of 

biological neurons. Mentation and memory are not expressions 

of linguistic, logical or electrical signaling, but a combination of 

chemical as well as electrical processes. 

 

'Indifference' is what distinguishes AI from NI. The former's 

programming is indifferent to value or meaning, devoid of 

significance; the latter's existence is critically dependent on the 

sensibilities of emotive states that make a difference to living 

creatures. Cognitive information has emotive qualities 

transformed into NI, which render stimuli meaningful in the 

ever-present drive to survive. 
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Q: Are 'emotional intelligence' or 'rational emotions' 

contradictory terms? 

 

A: The former is not a contradiction, but a redundancy. There 

cannot be intelligence without emotions and visa versa. The 

latter is an 'antinomy', a logical contradiction [100,101]. 

 

'Reason' or 'rationale' are artifacts of language. In that only homo 

sapien excercises this talent, it does not address the universal 

issues of neuro-physiology or neuro-chemistry. 

 

Kant faulted "pure reason". Presumably, reason could be "pure" 

if it did not have emotive content, like geometry or calculus. But 

this would be self-defeating for describing 'reason'. 'Value, 

'worth', 'desirability', 'need', etc. all have emotive qualities that 

underlie any 'reasonable' judgement. Emotive factors are what 

render "meaning" in everyday life. Only in arithmetic, 

mathematics and logic is reasoning or intelligence pure, but 

incomplete [102], as well as, 'demotive'. There are limitations to 

what can be proved for 'reason', though this is irrelevant to our 

interest here. 

 

The natural signaling of neurons is enunciated in emotions, for 

which human language is barely adequate to describe, though 

attempted by songwriters and poets. Animals don't speak, but 

nevertheless experience emotions and an understanding of their 

circumstances, hallmarks of intelligence. They also exhibit 

aspects of logical thought (cited above). 

 

Turing's opinion that digital computers can in fact mimic the 

actions of a human" is not credible [13,14]. Hebb's model of 

'synaptic plasticity' and electric signaling as the basis for 

memory is deeply flawed [40,41]. As pointed out by von 

Neumann, at the molecular level of the nerve membrane, 

electrical and chemical processes tend to merge; molecular 

changes alter the neuron's electrical properties accompanied by 

changes in the relative electrical potential [16a]. 

 

In short, the computer is an inadequate paradigm for the brain. 

Its "information" is embodied in a silicon chip, physically 
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encoded as bits (0 1). The lengths to which computer 

programmers and theoreticians go to suggest that they mimic 

emotive states experienced by a neural net are remarkable. They 

use words like "neuromorphic" on the basis of binary algorithms 

or silicon constructs that are not at all biologic (as per a recent 

supplement to Science). On the basis of "verbal 

prestidigitations", neurobiologic terms are appropriated, to 

construct 'affective architecture' with 'neural nets' that are 

actually coupled microprocessors, supposing that semantic 

representations or verbal constructs simulate the emotive states 

experienced by neural creatures. 
 

The fantasy of science fiction writers is a "transference process", 

whereby neural memory could be encoded in memory chips or 

transferred from the chip to the brain. But the real business of 

neuroscientists is to decipher the biological neural code whereby 

emotive memories are inscribed in the 'wetware' of the living 

neural net. 
 

Evolution  
 

As psyche evolved from physiology, so did logic emerge, like a 

phase transition, from emotive mentation (Figure 6). 
 

 
 

Figure 6: A phase diagram representing the emergence of "demotive" 

cognition (logic) from emotive mentation. 
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Homo sapiens with mental talents cannot be considered as apart 

from the Natural Order of living creatures. Vestiges of bacterial 

signaling with biomodulating molecules recur in the signaling 

modality of more complex neural creatures (Table 1). Emotive 

mentation is undoubtedly the basic mode of the psychic 

experience of all creatures (Figure 6), but blurred in humans by 

the supremacy of verbal thinking, where language dominates 

conscious thought and logic emerges. 

 

Conclusion  
 

Though the physical cosmos in which we exist is mapped out in 

great detail by physicists who describe Relativistic interactions 

of planets, stars and galaxies with black holes, grave 

uncertainties remain, incompleteness abounds even in the core of 

our mathematical thinking. The quantum realities of condensed 

matter, dark matter and dark energy still escape the physicists' 

grasp with its uncertainties and 'entangled' sub-atomic 

materiality. In quantum reality, 'observation' cannot be separated 

from 'observer'. So too in the study of cognition, 'mentation' 

cannot be considered separately from the 'mentator'. 

 

In spite of electromagnetic explorations of the 'cosmos' of our 

brains, with electrodes, fMRI, PET, and CAT scans, we 

cognitive scientists too are in the dark. The map of our psyche 

remains unchartered, terra incognita, intimate, yet 

unfathomable; a 'blank box' whose emotive dimensions we have 

yet to plumb. 

 

We suggest that the mental talents of 'biologic condensed matter' 

must be described in chemical terms, just like other physiologic 

processes. In that mentation and memory are inextricably 

entangled, a clue to the mechanism of the latter may reveal that 

of the former. 

 

Our tripartite mechanism [88-93] provides a psycho-chemical 

description of a memory code and emotive memory. Here, the 

nECM is the 'medium of representation'; the dopant (metals and 

NTs) are the 'symbols of representation'. Effectively, we propose 

a correspondence between psychic (emotive) states and 

https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Table1
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physiologic states, both expressed in chemical terms (Table 1). 

The cuinfo (Figures 3 and 4) are the chemographic 

representations of past stimuli (cog-info) by which neural nets 

mentates and remembers. 

 

NI is a talent ascribed to living organisms which experience 

feelings and emotions to adapt to an everchanging environment, 

to obtain food, to survive and to reproduce. By contrast, AI is 

manifest by a computer programmed to produce a logical output 

based on binary input. But is this "intelligence"? There cannot be 

intelligence without emotions and vice versa. We experience 

conscious life but don't understand the darkened processes 

occurring in our heads when we emote, remember or forget. 

Thus, we tend to agree with Kant's position that a 'psychological 

science' is impossible [100,101]. But we can identify the major 

components involved in generating mental processes. 

 

A propos Descartes' mind-body conundrum or Ryle's "ghost in 

the machine" [103], one cannot fully describe mental processes 

by purely logical expressions. Thus, we suggest that the mind 

and memory are not dissociated from the body, but inextricably 

linked properties of its complex biochemical workings [95]. 

Mind and body are a complex unity, psyche emerges from 

physiology and chemistry, emerging and surviving as an 

ensemble of qualities. 

 

As quipped by Terry Winograd (cited in [96]): "AI is no closer to 

intelligence than alchemists to gold". Perhaps it is time for "the 

term 'artificial intelligence' to be replaced by something more 

modest and less provisional" [19]. 

 

We suggest the terms of either 'artifact intelligence' (ARTI) or 

'machine intelligence' (MI), neither of which imply emulation of 

neural qualities, but simply refer to the computational capability 

of an electronic artifact with a recall function. 

 

The development of computerized artifacts interfacing with the 

brain not only to move muscles but to also perform mental 

chores, continues. Such artifacts would contribute superior 

logical qualities (speed, connection to the internet, high storage 

https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Table1
https://www.aimspress.com/article/10.3934/medsci.2017.3.241/fulltext.html#Figure3
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capacity for facts, mathematical skills). But lets not forget that 

neural brains contribute emotional qualities, creativity and 

rendering judgements of value, worth and priority, the hallmarks 

of true intelligence. 
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Addendum 

 
Re: Ullman S. 2019 

Using neuroscience to develop artificial; intelligence. 

Science 363: 692-3. 

 

The term ―artificial intelligence‖ here is mis-defined, in that it 

is not modeled on a biological neural system. 

 

Leaving aside its uses for military, statecraft or commercial 

purposes, the word ―intelligence‖ can be characterized as: 

 

1. Logical (objective) –Used for mathematics, numbers, 

pattern recognition, games. It is programmable in binary 

formatted algorithms. 

2. Emotive (subjective) –Experiential, sensational, feelings, 

desires, sex, sociability. It underlies the ―valuation‖ or 

―meaning‖ of experience. Its calculus is neither 

alphanumeric nor graphic, and cannot be programed with 

logical algorithms. 

 

For biological creatures, ―intelligence‖ relates to the ability 

to perceive or infer information applied towards adaptive 

behavior (i.e. survival)
1
. It incorporates both logical and 

emotive aspects. 

 

Ullman presents an exclusive synapto-dynamic signaling 

mode for ―artificial‖ devices, modeled on a premumed 

―biological‖ neural net synaptic signaling. But his graphic 

models ignore the extracellular matrix (nECM) surrounding 

neurons. The nECM provides lateral channels for chemo-

dynamic signaling between neighboring neurons. We have 

hypothesized that it also serves as a library of ―addresses‖ 

wherein memory can be encoded (see tripartite mechanism 
2-

4
). The neurotransmitters (NTs) ejected by activated neurons 

elicit physiologic reactions (in the body) entangled with 

emotive states (of the brain), and encode these in memory. 

The ―demotive‖ artificial devices are not embellished with 

such complications. 
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For example, Ullman‘s graphic schematic (Figure I A) of the 

biological neural system ignores the nECM. Our imposition of 

lines to indicate the nECM web around the neurons (Figure I B), 

would correct this oversight and be truer to biology. 

 

 
 

A 

 

 
 

B 

 
Figure 1: A. Presumed schematic of ―biological innate connectivity pattern‖ 

representing biological neural synaptic signaling pattern, which ignores the 

ephaptic nECM-mediated contacts between neurons in the brain (labelled 1,2,3) 

(from Ullman, requesting permission from AAAS). 

 

B. As above but indicating nECM-―shorted‖ contacts between biologic neurons 

(not to scale, showing only a few ―shorting‖ lines). 
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―Artificial intelligence‖ has been defined as ―a system’s ability 

to correctly interpret external data, to learn from such data, and 

to use those learnings to achieve specific goals and tasks 

through flexible adaptation‖ 
5
. But if the data lacks emotive 

signifiers (i.e. is ―demotive‖), it cannot be said to convey neural 

sensibility manifest as intelligence. 

 

Thus, the term ―artificial‖ is misleading when applied to 

the putative ―intelligence‖ of electronic artifacts 

purporting to mimic biological neurons. Another term 

might be better used to convey the talent of ―demotive‖ 

artifacts capable of recognizing patterns and learning i.e. 

Machine Intelligence (MI). 
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Abstract  
 

Background: Trained personnel must perform procurement of 

bone allograft. Lack of knowledge adding to improper handling 

during bone procurement will lead to contamination hence 

jeopardizing quality of the procured bones hence expose bone 

recipients to risks of infection in post-operative phase. Bone 

procurement workshop is the fundamental training programme to 

provide knowledge and enhance skill among personnel who has 

been or will be involved in bone procurement. This study 

evaluated the effectiveness of the workshop contents including 
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teaching materials by assessing the knowledge on bone 

procurement among the participants before and after the 

workshop.  

 

Methods: Bone procurement workshop was held for 2 days for 

doctors and paramedics. The knowledge on bone procurement 

was evaluated in pre- and post-assessments by answering self-

administration questionnaire before and after the workshop, 

respectively. 

 

Results: A total of 50 participants comprised of doctors and 

paramedics attended the workshop however only 15 (55.6%) 

doctors and 12 (44.4%) paramedics completed the assessments. 

Overall, the mean total score for the post-assessment (61.4%) 

was significantly higher (p<0.05) than that of the pre-assessment 

score (32.2%). The mean values of correct responses for the 

post-assessment were significantly higher (p<0.05) than that of 

the pre-assessment in all five topics given during the workshop. 

The correct responses for the post- assessments in the respective 

group of the doctors and paramedics were also significantly 

higher than the pre- and (p<0.05).  In the pre-assessment, the 

doctors had the highest score in Surgical Approach & 

Reconstruction (50%) while the paramedics had the highest 

score in Donor Screening & Selection Criteria (33.3%). In the 

post-assessment, the doctors had the highest score in Donor 

Screening & Selection Criteria (70%) while the paramedics in 

Packaging & Transportation (65.8%).  

 

Conclusions: The assessment managed to show that the 

workshop contents and teaching materials were effective in 

improving the cognitive knowledge of the personnel who would 

get involved in bone procurement under the National Donation 

Programme.  

 

Keywords  
 

Bone Allograft; Bone Procurement; Knowledge; Tissue 

Banking; Workshop Training. 
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Background 
 

Bone grafting has been used in orthopaedic transplantations for 

more than hundred years [1]. Bone allografts act as a substitute 

to bone autograft in orthopaedic reconstructive surgery mainly 

for providing mechanical support, repairing minor defects and 

replacing major bone loss in oncology cases [2, 3, 4].  

 

Bone banking is still not popular among Malaysian orthopaedic 

surgeons despite the increasing usage of allografts in orthopaedic 

procedures lately [5]. Procedures of bone grafting involving 

bone procurement, graft preparation and delivery of bone 

allografts for transplantation is a complex and intricate process 

with varying practices among different bone banks [3].  

Improper handling of procured bones might increase infection 

risks due to contamination [6].  

 

In Malaysia, bone procurement must be carried out by surgeons 

namely orthopaedic surgeons under sterile condition.  Nurses or 

paramedics then properly pack the procured bones.  Hence 

doctors and paramedics are the main players in procuring and 

storing bone allografts.  Knowledge and competency in 

procurement technique is vital in order to have high quality 

procured bones. Therefore they need to receive a special training 

to gain knowledge and develop or improve skill in bone 

procurement before they are allowed to join bone procurement 

team in their respective hospitals or at national level.  These 

well-trained personnel can also play an important role in the 

selection of suitable donors prior to bone procurement [7]. More 

donors will result in more bones to be procured thus improving 

bone stock to meet the increasing demand of bone allografts. 

Both orthopaedic surgeons and paramedics are therefore most 

eligible to assume the responsibilities of developing and 

managing a surgical bone bank [8]. 

 

Cadaveric bones must be procured in less than 12 hours of time 

of death if the bodies are not refrigerated, and less than 24 hours 

if refrigerated.  Procurement is conducted either in operating 

theatre or mortuary. Preferably, procurement should be carried 
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out immediately as colonization of bacteria will increase after 12 

hours [9]. 

 

Training on bone procurement must be able to provide the 

opportunity to develop surgical skills under a controlled 

environment and aseptic handling.  By using cadavers, the 

hands-on session can simulate the actual bone procurement 

process, hence giving a real experience in handling human 

bodies.  The training sessions would provide optimal opportunity 

for trainees to develop their competency in bone procurement 

procedures prior to the real practice and ability to reduce risks of 

bone contamination hence infection.  Use of cadavers in surgical 

training has been practised for centuries and remains a highly 

regarded method of training due to the exposure to real anatomy 

and indeed anatomical variation [10].  Prior to hands-on practical 

session, a series of lectures were given to gain or enhance 

knowledge on bone banking, donor selection criteria, 

procurement technique, proper packaging and labelling. 

 

Knowledge in tissue banking is still low in Malaysia.  From our 

recent survey, only 12.5% of doctors and paramedic attended an 

orthopaedic conference were aware of the existence of local bone 

banks [11].  Malaysia has already conducted 2 bone procurement 

workshops namely in 2013 and 2015, in our effort to disseminate 

new information while improving knowledge and develop more 

competent procurement team members.  Accordingly the 

contents of the workshops were further improved when the third 

workshop was conducted in 2017.  Therefore the present study 

was aimed to assess the effectiveness of the bone procurement 

workshop, training programme and teaching materials, in 

improving knowledge for surgeons and paramedics. 

 

Methods  
Participants and Workshop Contents  
 

Fifty participants comprising of 25 doctors and 25 paramedics 

were identified and selected by National Transplant Resource 

Centre (NTRC) and sponsored by the Ministry of Health 

Malaysia to participate in Bone Procurement Workshop 2017.  

The working space and number of cadavers available for the 
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workshop limited the number of participants.  The participants 

came from various hospitals in Malaysia who have high potential 

to be involved in the bone procurement team of their respective 

hospitals. The selected participants already have basic 

knowledge in bone banking during their basic medical academic 

study. A number of them have been involved directly and 

indirectly in the National Donation Programme. The 2-day 

workshop comprised of seminar, forum and hands on session 

(Table 1).  The teaching materials on bone procurement were 

designed in accordance to current guidelines on tissue banking 

by World Health Organization (WHO), Malaysian Tissue Act, 

Guidelines on Organ Tissue and Cell Transplantation Ministry of 

Health Malaysia, Standards of Asia Pacific Association of 

Surgical Tissue Banking (APASTB), Standards of American 

Association of Tissue Banks (AATB) and International Atomic 

Energy Agency (IAEA) Codes of Practice. The teaching 

modules were developed by the local experts in tissue banking 

and approved by Malaysian Association of Cell and Tissue 

Banking.  Feedbacks to improve the contents were obtained from 

the academic staffs of Tissue Bank and Bone Bank in Malaysia, 

orthopaedic surgeons, radiation experts and representatives from 

Ministry of Health.  On Day 1, participants were given lectures 

related to Tissue Procurement Coordination Process (Lecture 1), 

Donor Screening & Selection Criteria (Lecture 2), Process Flow 

of Bone and Tissue Procurement (Lecture 3), Surgical Approach 

& Reconstruction (Lecture 4) and Packaging & Transportation 

(Lecture 5). Session for Day 1 ended with a forum on Medico-

legal and Clinical Issues, which was a compulsory for general 

knowledge.  The issues included the current status of legal 

aspects and regulations on tissue banking.  Hands-on practical 

class on Day 2 allowed the participants to conduct bone 

procurement, processing, packaging and labelling. Fresh frozen 

cadavers were retrieved from unclaimed bodies by the NTRC 

and they were kept at 4°C prior to the workshop at Hospital 

Kuala Lumpur, Malaysia.  Four cadavers were used where 6 

doctors and 6 paramedics were stationed at each limb. After a 

demonstration by the main instructor, surgeons were guided to 

do bone procurement starting from upper to lower limbs (Fig.1). 

During the workshop, the paramedics were trained for packaging 

and labelling of the procured bones. Instructors who were 
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orthopaedic surgeons and bone bankers monitored those 

activities.  Discussion session on Day 2 covered all aspects of 

bone procurement including bones procured from living donors.  

 

 
 

Figure 1: Instructors were giving demonstration to do bone procurement at the 

lower limb of the cadaver  

 

Table 1: Format for Bone Procurement Workshop Sessions. 

 

Topic Format Duration (min) 

Day 1 

Tissue Procurement Coordination 

Process 

Didactic lecture 30 

Donor Screening & Selection 

Criteria 

Didactic lecture 20 

Process Flow of Bone Procurement Didactic lecture 30 

Surgical Approach & 

Reconstruction 

Didactic lecture 20 

Packaging & Transportation Didactic lecture/ 
Demonstration 

20 

Medico-legal and Clinical Issues Forum 60 

Day 2 

Bone Procurement  Demonstration & video 90 

Living Donor Programme Discussion  

Bone Procurement, Processing & 

Packaging 

Cadavers hands-on 180 

 

 

 

 

 



Prime Archives in Medicine: 2
nd

 Edition 

8                                                                                www.videleaf.com 

 

Pre and Post Workshop Assessments  
 

Workshop assessment comprised of three parts.  Part 1 required 

participants to write their demographic information: name, 

gender; age, occupation, current working place and years in 

service. Part 2 contained questions on knowledge on tissue 

banking and tissue donation.  Part 3 was assessment on bone 

procurement consisting of ten questions for each of five lecture 

topics, which were presented during the workshop.  The 

questions were multiple choice question where a “Yes”, “No” 

and “Not sure” were options for answer.  This study was a pre-

post quasi-experimental study to determine the difference score 

of two groups of participants i.e. doctors and paramedics, before 

and after attending the workshop.  The pre-assessment was 

conducted before the participants registered for the workshop.  

The post-assessment was conducted two weeks after the 

workshop allowing ample time for the participants to read 

lecture notes before answered the questions and to reduce recall 

bias among the participants.  The post-assessment was 

administered online where participants were contacted via email 

and telephone.  The assessment carried 10 marks for each 

question and percentage was calculated from the correct 

answers.  A “No” and “Not sure” considered a single answer.  

 

Workshop Evaluation  
 

Workshop evaluation form was distributed at the end of the 

workshops to assess the impacts of the workshop, contents of the 

programme and lectures related to bone procurement.  The 

participants were required to fill up an evaluation form and 

submitted immediately after the workshop ended.  The workshop 

evaluation was based on Likert scale points from 1 to 5 with 1= 

strongly disagree, 2= disagree, 3= neutral, 4= agree, 5= strongly 

agree.  Free-form additional comment was also offered in the 

evaluation form. 

 

Ethical Considerations  
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All the workshop participants were fully informed that the study 

was part of the bone procurement workshop. The purpose and 

the aims of the study were explained to them during registration 

at the registration counter. The participants were given consent 

form for declaration to give permission for their feedback and 

assessment scores to be used only in the study. 

 

Data Analysis  
 

All data were analysed using SPSS software version 24.0 (IBM 

Corp. Armonk, New York). Demographic and knowledge of 

tissue banking were reported descriptively by frequency and 

percentage.  The pre- and post-assessment scores by the 

participants within the group and between the two groups were 

analysed using independent sample T-test.  Statistically 

significant threshold was set at p value ≤0.05.  

 

Results  
Socio-Demographic Characteristics  
 

A total of 21 doctors and 19 paramedics responded to involve in 

the study, which accounted as 84% and 76% of the total 

participants, respectively. Of these only 15 doctors (71.4%) and 

12 paramedics (63.2%) completed the pre- and the post-

assessment.  Among the doctors, 9 were surgeons (33.3%) while 

others were medical officers (Table 2).  In the paramedic group, 

7 were medical assistants (25.9%) and the rest were nurses and 

medical laboratory technologists.  Age range of the participants 

were 23 to 45 years old with male participants were dominant 

(70.4%). Most of the participants have been working more than 

10 years in service (48.1%).  The participants were mainly from 

government hospitals (85.2%). 
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Table 2: Socio-Demographic Characteristic of the Participants. 

  

Participants 

Doctor 

Paramedic 

 n (%) 
15 (55.56)  

12 (44.44) 

Occupation  n (%) 
Surgeon  9 (33.33) 

Medical officer  6 (22.22) 

Nurse  2 (7.41) 

Medical Assistant  7 (25.93) 

Medical Lab Technologist  3 (11.11) 

Gender  n (%) 

Male (%) 19 (70.37) 

Female (%)   8 (29.63) 

Mean/Median Age (range)  33.9/35 (23-45) 

Years in service  

Less than 5 years 

Between 6 to 10 years 

More than 10 years 

n (%) 
  4 (14.82) 

10 (37.04) 

13 (48.14) 

Current working place   n (%) 
Government hospitals 23 (85.19) 

Teaching hospitals   4 (14.81) 
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Awareness in Tissue Banking  
 

All participants as shown in Table 3 were aware about organ 

donation (100%).  All doctors were aware about tissue donation 

compared to only 75% of the paramedic group.  Again, all 

doctors knew about bone banking and only 58.3% of the 

paramedics knew about it.  Majority of the doctors (86.7%) and 

half of the paramedics (58.3%) were aware about bone 

procurement.  Majority of the doctors (66.7%) and the 

paramedics (75%) were never involved in bone procurement.  

Only 8 (29.6%) from the total participants have been involved in 

bone procurement for less than 5 times (Table 3). 
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Table 3: General Knowledge on Tissue Banking, n (%). 

 

 Doctor Paramedic  Doctor Paramedic 

Question 1. Do you know about organ donation? Question 4. Do you know about bone procurement? 

Yes 15 (100) 12(100) Yes 13 (86.67) 7 (58.33) 

No 0 0 No   2 (13.33) 2 (16.67) 

Not sure 0 0 Not sure 0 3 (25.00 

Question 2. Do you know about tissue donation? Question 5. Have you ever involved in Bone procurement? 

Yes 15 (100) 9 (75.00) Yes 5 (33.33) 3 (25.00) 

No 0 2 (16.67) No 10 (66.67) 9 (75.00) 

Not sure 0 1 (8.33) Not sure 0 0 

Question 3. Do you know about bone banking? Question 6. If yes, how many times? 

Yes 15 (100) 7 (58.34) Less than 5x 5 (62.5) 3 (37.5) 

No 0 1 (8.33) More than 5x 0 0 

Not sure 0 4 (33.33)    
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Bone Procurement Assessment  
 

Based on correct responses, the participants in overall showed 

improvement in their scores, from only 32.2% in the pre-

assessment to 61.4% in the post-assessment (Table 4).  The 

improvements after the workshop in the total score as well as for 

all five topics of lectures were statistically significantly (p < 

0.05).  The doctors showed better performance than the 

paramedics in terms of the score from 40.1% to 64.8% while the 

paramedics’ score improved from 22.5 to 57.2% in the pre- and 

post-assessment respectively. The participants scored the highest 

correct responses (67.4%) after 2 lectures namely Donor 

Screening & Selection Criteria and Packaging & Transportation.  

The doctors scored the highest correct response in Donor 

Screening & Selection Criteria in the post-assessment (70%) 

compared to 43.3% in the pre-assessment; while the paramedics 

scored the highest correct response for Packaging & 

Transportation (65.8%) from only 22.5% in the pre-assessment.  

The lowest score in the pre-assessment recorded by the 

paramedics was in Surgical Approach & Reconstruction (12.5%) 

and significantly increased (p < 0.05) to 55% in the post-

assessment.  The doctors scored the lowest in Packaging & 

Transportation (32.6%) and significantly increased (p < 0.05) to 

68.6% during the post-assessment.  In the pre- assessment, the 

doctors had the highest score in Surgical Approach & 

Reconstruction (50%) while the paramedics in Donor Screening 

& Selection Criteria (33.3%).  In the post-assessment, the 

doctors had the highest score in Donor Screening & Selection 

Criteria (70%) while the paramedics in Packaging & 

Transportation (65.8%).  There were significant differences 

between the two groups (p < 0.05) either in the overall score or 

in each topic of lectures on bone procurement.  
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Table 4: Comparison of Correct Responses in Pre- and Post-assessments Scored by Doctors and Paramedics, Mean (%). 

 

Topic Overall Doctor Paramedic 

Pre Post  MD Pre Post  MD Pre Post  MD 

Total score 16.15 

(32.2) 

30.70 

(61.4) 

14.55** 20.07 

(40.1) 

32.40 

(64.8) 

12.33** 11.25 

(22.5) 

28.58 

(57.2) 

17.33** 

Tissue Procurement  
Coordination Process 

2.85 
(28.5) 

5.26 
(52.6) 

2.41** 3.73 
(37.3) 

5.73 
(57.3) 

2.00** 1.75 
(17.5) 

4.67 
(46.7) 

2.92** 

Donor Screening &  

Selection Criteria 

3.89 

(38.9) 

6.74 

(67.4) 

2.89** 4.33 

(43.3) 

7.00 

(70.0) 

2.67** 3.33 

(33.3) 

6.42 

(64.2) 

3.09** 

Process Flow of Bone and 
Tissue Procurement 

3.19 
(31.9) 

6.00 
(60.0) 

2.81** 3.60 
(36.0) 

6.20 
(62.0) 

2.60** 2.67 
(26.7) 

5.75 
(57.5) 

3.08** 

Surgical Approach & 

Reconstruction 

3.33 

(33.3) 

6.11 

(61.1) 

2.78** 5.00/ 

(50.0) 

6.60 

(66.0) 

1.60** 1.25 

(12.5) 

5.50 

(55.0) 

4.25** 

Packaging & Transportation 2.81 

(28.1) 

6.74 

(67.4) 

3.93** 3.26 

(32.6) 

6.86 

(68.6) 

3.60** 2.25 

(22.5) 

6.58 

(65.8) 

4.33** 

 

**: 5% level of significance (p < 0.05), MD: Mean difference 
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Workshop Evaluation  
 

Evaluation on the workshop by the participants is summarized in 

Table 5.  The participants mostly agreed with the listed impacts 

of the workshop when the means were greater than 4 for both the 

doctors and the paramedics. They also agreed that the workshop 

provided positive values to bone procurement. There was no 

statistically significant difference between the two groups in all 

aspects of the evaluation (p > 0.05). No additional comments 

were received from the participants. 
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Table 5: Evaluation of Bone Procurement Workshop using Likert scale points: 1= Strongly Disagree, 2 = Disagree, 

3 = Neutral, 4 = Agree, 5 = Strongly Agree. 

 
 Mean p value 

Doctor Para- 

medic 

Impact of the workshop    

Workshop objectives were clearly met 4.60 4.17 0.053 

Enhanced my knowledge and skills 4.67 4.17 0.053 

Procurement procedure was taught systematically 4.47 4.08 0.189 

Information given is of practical value 4.40 4.00 0.170 

Presentations (lectures) were useful 4.27 4.08 0.399 

Questions were answered adequately during  

lectures and discussion 

 

4.27 4.00 0.369 

Questions related to Bone Procurement    

The workshop guided me through the 

 experiential learning process 

4.40 4.17 0.283 

The workshop covered all the objectives 

 of this session 

4.27 4.08 0.465 

The practical session of the workshop helped  

me to learn more effectively 

4.27 4.00 0.321 

The workshop has motivated and inspired me 

to actively be involved  in bone procurement 

4.13 4.25 0.661 

The workshop has highlighted the important  

aspects of bone procurement 

4.53 4.25 0.257 

The workshop assessed my prior knowledge 

 before attending the workshop 

4.40 4.33 0.761 

The workshop provided feedbacks about bone  

procurement which helped me to understand better 

4.40 4.17 0.283 

The workshop provided complete procedures  

for my future reference 

4.00 4.25 0.369 

The workshop extend my knowledge, understanding 

and 

 skills in bone procurement procedures 

4.47 4.33 0.500 

The workshop helped me to learn in an organized,  

coherent and well-ordered manner 

 

4.13 4.33 0.432 



Prime Archives in Medicine: 2
nd

 Edition 

17                                                                                www.videleaf.com 

Discussion  
 

The study revealed that all of the participants were aware about 

organ donation but not all aware about tissue donation.  The 

doctors were more aware about bone banking and bone 

procurement than the paramedics.  Future public awareness 

programme should emphasise on this supporting personnel. 

 

In this study the scores for the correct response in the post-

assessment were consistently higher than the pre-assessment 

indicating that the workshop managed to improve or enhance the 

knowledge of the participants.  According to Beauchamps et al. 

(2016), the post-assessment rating would be significantly higher 

than the pre session rating when using integrated format modules 

including video, cadaveric training (hands on) and lectures [12]. 

Demographic factors in terms of gender, occupation, year of 

service and age of participants seemed not to influence the 

workshop assessments.  Knowledge levels between the doctors 

and the paramedics were found to be unequal in this study.  The 

doctors had higher scores in all topics of the pre-assessment with 

the highest score was for Surgical Approach & Reconstruction, 

which is a part of their nature of works. Surprisingly the highest 

score in the post-assessment for the doctors was in Donor 

Screening & Selection Criteria, which indicated that the 

workshop managed to provide better understanding and made 

them more aware the importance of the inclusion and exclusion 

criteria for tissue donors in bone procurement.  The workshop 

also improved their knowledge in bone packaging and 

transportation.  The paramedics already had some knowledge in 

Donor Screening & Selection Criteria based on the score in the 

pre-assessment as they are the front liner and directly deal with 

the donors.  The highest score in post-assessment by the 

paramedics was in packaging and transportation indicating that 

the workshop managed to enhance their knowledge.  The 

paramedics as the technical person are expected to continuously 

improve their know-how in proper handling of bones during the 

packaging and transportation to tissue bank.  

 

The evaluation for the workshop in relation to the impacts of the 

workshop in enhancing the knowledge and skill in bone 
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procurement by the doctors and the paramedics were similar.  

Both groups gave more than 4 indicating they agreed that the 

workshop contents were relevant and the programme was well 

organised to suit their expectations.  The high rating given by the 

participants was so crucial to indicate that the workshop was 

succeeded in improving their knowledge and assisting them to 

develop further their skills in bone procurement.  

 

The assessments were able to evaluate the effectiveness of the 

bone procurement workshop.  The training programme and 

teaching materials were relevant in improving knowledge and 

understanding in tissue banking while the hands-on practical 

class was essential in developing skill in bone procurement.  In 

addition, the workshop provided a platform for the participants 

to discuss the current issues and to acquire new developments of 

tissue procurement in particular and tissue donation in general. 

 

Cognitive knowledge on bone procurement was effectively 

assessed in the study and all aspects of bone procurement were 

mainly covered. In contrast, technical skill and surgical 

performance to perform bone procurement need to be assessed 

separately as more lengthy time and resources such as cadavers 

are required. Hence, this is the major drawback in the study 

where quality of the surgical outcome is not able to retrieve. 

 

Conclusions  
 

The bone procurement workshop was effective in providing and 

improving knowledge of bone procurement among the medical 

personnel who have been and will be involved in the bone 

procurement. The assessment managed to quantify the 

improvement in selective subjects, which are relevant to their 

respective tasks. Under the National Donation Programme, the 

workshop has been organised every two years to train the doctors 

and paramedics before they are appointed as the members of the 

national procurement team.   We will continue to conduct the 

assessment on the workshop effectiveness and will conduct 

evaluation on the technical skill.  
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Abstract  
 

Background: Due to their self-renewal capacity, multi-lineage 

potential, and immunomodulatory properties, mesenchymal 

stromal cells (MSCs) are an attractive tool for different 

therapeutic strategies. Foreskin (FSK), considered as a biological 

waste material, has already been shown to be a valuable source 

of MSCs. Besides their typical fibroblast like morphology and 

International Society for cellular Therapy compliant phenotype, 

foreskin-MSCs (FSK–MSCs) are clonogenic, and highly 

proliferative cells with multi-lineage and strong 

immunomodulatory capacities. Of importance, FSK–MSCs 

properly adjust their fate following exposure to inflammatory 

signals. Being potent regulators of gene expression, miRNAs are 
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involved in modulating nearly all cellular processes and in 

orchestrating the roles of different immune cells. In this study, 

we characterized the miRNome of FSK–MSCs by determining 

the expression profile of 380 different miRNAs in inflammation 

primed vs. control non-primed cells. 

 

Methods: TaqMan low density array (TLDA) was performed to 

identify dysregulated miRNAs after exposing FSK–MSCs to 

inflammatory signals. Quantitative real-time RT-PCR was 

carried out to validate the observations. DIANA-miRPath 

analysis web server was used to identify potential pathways that 

could be targeted by the dysregulated miRNAs. 

 

Results: Sixteen miRNAs were differentially expressed in 

inflammation-primed vs. non-primed FSK–MSCs. The 

expression level of miR-27a, -145, -149, -194, -199a, -221, -328, 

-345, -423-5p, -485-3p, -485-5p, -615-5p and -758 was 

downregulated whilst that of miR-155, -363 and -886-3p was 

upregulated. Target pathway prediction of those differentially 

expressed miRNAs identified different inflammation linked 

pathways. 

 

Conclusions: After determining their miRNome, we identified a 

striking effect of inflammatory signals on the miRNAs’ 

expression levels in FSK–MSCs. Our results highlight a 

potential role of miRNAs in modulating the transcription 

programs of FSK–MSCs in response to inflammatory signals. 

Further, we propose that specific miRNAs could serve as 

interesting targets to manipulate some functions of FSK–MSCs, 

thus ameliorating their therapeutic potential. 

 

Keywords  
 

MSCs; Foreskin; Inflammation; miRNA 

Abbreviations  
 

FSK-Foreskin; GPCR-G Protein-Coupled Receptor; IL-

Interleukin; IFN-Interferon; ISCT-International Society for 

Cellular Therapy; KEGG-Kyoto Encyclopedia of Genes and 

Genomes; miR-MicroRNA; MSCs-Mesenchymal Stromal Cells; 
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PBS-Phosphate-Buffered Saline; PPAR-Peroxisome Proliferator-

Activated Receptor; qRT-PCR-Quantitative Real-Time PCR; 

TNF-Tumor Necrosis Factor; TLDA-TaqMan Low Density Array 
 

Background  
 

Mesenchymal stromal cells (MSCs) are multipotent fibroblast-

like cells found in almost all tissues [1]. This multi-lineage 

potential, along with their capacity of supporting hematopoiesis 

and modulating immune responses are the main properties of 

MSCs. The simple and easy isolation procedures together with 

the great expansion potential, render MSCs as ideal candidates 

for different cellular therapies [2]. Despite some common 

characteristics and properties shared by MSCs of different origin 

[3], significant differences in their immunobiological features 

exist [4,5]. Although it has long been considered as a biological 

waste material, foreskin (FSK) is, nowadays, considered as an 

important reservoir of therapeutic cells having potential value for 

several clinical applications [6,7]. Recently, we have 

demonstrated that the foreskin is a new source of MSCs, 

designated as FSK–MSCs [8]. Being compliant with ISCT 

criteria, non-immunogenic and showing powerful 

immunomodulatory capacities [8], FSK–MSCs are highlighted 

as a valuable tolerogenic tool for cell-based immunotherapy. As 

known, MSCs are particularly sensitive to the local 

inflammatory microenvironment that modulate their functions 

and responses. Indeed, inflammation-priming leads to significant 

changes in the immunobiology of FSK–MSCs [8]. 
 

MicroRNAs (miRNAs) are small (19-22-nt) single-stranded 

noncoding RNA molecules that regulate the transcription or 

translation of the target gene mRNAs. Thus, they play crucial 

roles in many different cellular processes including cell 

differentiation, proliferation and immune homeostasis [9-12]. 

Accumulating data show that abnormal miRNA expression is a 

common feature of various diseases [9-12]. Nowadays, many 

evidences demonstrate a role for miRNAs in regulating distinct 

aspects of the immune system including cell proliferation, 

differentiation, fate determination and function mediated by 

different cell types [13-15]. The understanding of the miRNome 

of FSK–MSCs under inflammatory settings will help to identify 
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the pattern of miRs that are modulated and that could serve as 

targets to enhance MSCs therapeutic functions. In this study, 

comparative analysis showed that the miRNA expression profile 

of FSK–MSCs is critically different in inflammation primed vs. 

control non-primed cells. Our results reveal specific miRNA 

expression differences following inflammation priming and 

identified 16 differentially expressed miRNAs. Those altered 

miRNAs might be involved in the molecular mechanisms 

regulating FSK–MSCs immunobiology during inflammatory 

conditions and could be further used as targets to manipulate 

FSK–MSCs functions. 
 

Methods  
Ethical Guidelines  
 

This study was conducted in accordance with the Declaration of 

Helsinki (1964) and approved by the local ethics committee of 

the “Institut Jules Bordet” (Belgium). All donors and/or their 

parents or legal guardian were voluntary for giving the foreskin 

(FSK) samples as obtained following a circumcision procedure 

from healthy subjects. They gave written informed consent 

before specimen collection for using the samples and for 

publishing any associated scientific data. However, all personal 

information are kept confidential. 
 

Isolation, culture and characterization of FSK–MSCs  
 

Briefly, after circumcision, foreskin was aseptically collected 

into a sterile specimen container containing sterile phosphate-

buffered saline (PBS) buffer supplemented with 

penicillin/streptomycin. The samples were processed as 

previously published [8]. After a sterile wash with PBS, the 

sample was transferred into a petri dish where epidermis was 

manually removed from the skin and the dermis was cut into 

small pieces. By using Liberase Research Grade solution (Roche 

Diagnostics, Belgium), the tissue was digested and the resulting 

cell suspension was washed by centrifugation (800g, 5 min) in 

Dulbecco’s modified Eagle’s medium with low glucose 

(DMEM-LG; Lonza, Belguim) and containing 10% fetal bovine 

serum (FBS; Sigma-Aldrich, Belgium). The subsequent cell 

pellet was seeded in culture flasks with DMEM-LG (Lonza) 
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supplemented with 10% FBS (Sigma-Aldrich), 2 mM l-

glutamine and 50 U/ml penicillin (both from Lonza) and the 

cultures were incubated at 37 °C in a 5% CO2 humidified 

atmosphere. Non-adherent cells were removed when the medium 

was changed (once a week). When sub-confluence (80–90%) 

was achieved, adherent cells were harvested by TrypLE Select 

(Lonza) and expanded until the desired passage. 
 

The cells were characterized according to the ISCT criteria. 

Thus, the immunophenotype was analysed by flow cytometry 

(MacsQuant analyzer (Miltenyi Biotec, Netherlands)) using 

fluorochrome labelled monoclonal antibodies: anti-CD45-FITC 

and anti-HLA-Dr-PE (Exalpha Biologicals, Maynard, MA), anti-

CD34-PE and anti-CD73-PE (BD Biosciences, San Diego, CA, 

USA), anti-CD14-PE, anti-CD19-PE, anti-CD105-FITC and 

anti-CD90-PE (R&D systems, Minneapolis, MN, USA). Their 

multilineage potential was confirmed by inducing specific 

lineage commitment (adipogenic, osteogenic and chondrogenic 

differentiation) using appropriate induction culture medium (NH 

media, Miltenyi Biotec). Specific lineage commitment was 

highlighted by using lineage-specific cell staining techniques and 

microscopic examination. 
 

Inflammation Priming of FSK–MSCs  
 

Foreskin–mesenchymal stromal cells were analyzed under both 

constitutive and inflammatory conditions. Inflammation priming 

of FSK–MSCs was performed as previously described [16]. 

Briefly, cells were treated (overnight) with a pro-inflammatory 

cytokine cocktail containing IL-1β (Peprotech, Rocky Hill, NJ, 

USA) (25 ng/ml), TNF-α (50 ng/ml), IFN-α (3000 U/ml or 

10 ng/ml) and IFN-γ (1000 U/ml or 50 ng/ml) (all from Prospec 

Inc., Rehovot, Israel). After priming, the medium was removed, 

and the cells were washed and became available for analysis. 

MiRNA Expression Profile  
 

Total RNA was extracted from cells using TRIzol total RNA 

isolation reagent (Roche Applied Science). The concentration 

was quantified using a NanoDrop spectrophotometer. A three-

step procedure was performed to profile the miRNAs. First, for 

cDNA synthesis from the miRNAs, 30 ng of total RNA was 

subjected to RT (reverse transcription) using a TaqMan® 
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microRNA Reverse Transcription Kit (#4366596; Applied 

Biosystems) and Megaplex RT primers (Human Pool A, 

#4399966; Applied Biosystems) following the manufacturer’s 

protocol, allowing simultaneous reverse transcription of 380 

mature human miRNAs to generate a miRNA cDNA library 

corresponding to each plasma sample. RT was performed on a 

Mastercycler Epgradient thermocycler (Eppendorf) with the 

following cycling conditions: 40 cycles at 16 °C for 2 min, 42 °C 

for 1 min and 50 °C for 1 s followed by a final step of 80 °C for 

5 min to inactivate reverse transcriptase. Thereafter, to generate 

enough miRNA cDNA template for the following real-time 

PCR, the cDNA libraries were pre-amplified using Megaplex 

PreAmp primer (Humam Pool A, #4399233; Applied 

Biosystems) and PreAmp Master Mix (#4384266; 

AppliedBiosystems) following the manufacturer’s instructions. 

The PreAmp primer pool used here consisted of forward primers 

specific for each of the 380 human miRNAs and a universal 

reverse primer. The pre-amplification cycling conditions were as 

follows: 95 °C for 10 min, 55 °C for 2 min, 72 °C for 2 min 

followed by 12 cycles at 95 °C for 30 s and 60 °C for 4 min; the 

samples were then held at 99.9 °C for 10 min. After the pre-

amplification step, the products were diluted with RNase-free 

water, combined with TaqMan gene expression Master Mix and 

then loaded into TaqMan Human MicroRNA Array A 

(#4398965; Applied Biosystems), which is a 384-well formatted 

plate and real-time PCR-based microfluidic card with embedded 

TaqMan primers and probes in each well for the 380 different 

mature human miRNAs. Real-time PCR was performed on an 

ABI PRISM 7900HT sequence detection system (Applied 

Biosystems) with the following cycling conditions: 50 °C for 

2 min, 94.5 °C for 10 min followed by 40 cycles at 95 °C for 

30 s and 59.7 °C for 1 min. The Ct (cycle threshold) was 

automatically given by SDS 2.4 software (Applied Biosystems) 

and is defined as the fractional cycle number at which the 

fluorescence passes the fixed threshold of 0.2. RNU48 embedded 

in the TaqMan human microRNA arrays was used as an 

endogenous control. The relative expression levels of miRNAs 

were calculated using the comparative ΔΔCt method as 

described previously [17,18]. The fold changes in miRNAs were 

calculated by the equation 2
−ΔΔCt

. 
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Taqman miRNA Assay for Individual miRNAs  
 

Gene-specific reverse transcription was performed for each miR 

using 10 ng of purified total RNA, 100 mM dNTPs, 50 U 

MultiScribe reverse transcriptase, 20 U RNase inhibitor, and 

50 nM of gene-specific RT primer samples using the TaqMan 

MicroRNA Reverse Transcription kit (Applied Biosystems, 

Gent, Belgium). 15 μl reactions were incubated for 30 min at 

16 °C, 30 min at 42 °C, and 5 min at 85 °C to inactivate the 

reverse transcriptase. Real time RT-PCR reactions (5 μl of RT 

product, 10 μl TaqMan 2 × Universal PCR master Mix, (Applied 

Biosystems, Gent, Belgium), and 1 μl TaqMan MicroRNA 

Assay Mix containing PCR primers and TaqMan probes) were 

carried out on ABI Prism 7900HT Sequence Detection System 

(Applied Biosystems, Gent, Belgium) at 95 °C for 10 min 

followed by 40 cycles at 95 °C for 15 s and 60 °C for 1 min. The 

qRT-PCR reactions were performed in triplicate, and the signal 

was collected at the end of every cycle. The Ct (cycle threshold) 

was automatically given by SDS 2.4 software (Applied 

Biosystems) and is defined as the fractional cycle number at 

which the fluorescence passes the fixed threshold of 0.2. 
 

RNU48 was used as an endogenous control. The relative 

expression levels of miRNAs were calculated using the 

comparative ΔΔCt method as described previously [31,32]. The 

fold changes in miRNAs were calculated by the equation 2
−ΔΔCt

. 
 

Pathway Enrichment Analysis  
 

Pathway enrichment analysis was employed to investigate the 

regulatory mechanisms of significantly differentially expressed 

miRNAs. DIANA-miRPath v.3.0 analysis web server was used 

for pathway enrichment analyses. The enriched pathways were 

defined by their enrichment of significantly differentially 

expressed miRNA target genes. 
 

Statistical Analysis  
 

Data analyses were performed using the SDS RQ Manager 1.2 

software and DataAssist v2.0 software (Applied Biosystems). 

Statistical significance of miRNA expression between control 

and treated cells was determined according to unpaired Mann–
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Whitney U test. p Values <0.05 (*), <0.01 (**) were considered 

significant. 
 

Results  
Obtaining and Characterizing FSK–MSCs  
 

In order to obtain FSK–MSCs, the foreskin sample was first 

processed to separate the epidermis from the dermis (see 

"Methods" section) and then scraping was applied to obtain 

small tissue pieces from the dermis. Following enzymatic 

digestion, the tissue mixture was centrifuged and the resulting 

cell pellet was incubated for culture. After removing non 

adherent cells, colonies of cells with fibroblastic morphology 

started to appear. When sub-confluency (80–90%) was reached, 

adherent cells were harvested using TrypLE Select solution and 

expanded by successive passages. 
 

These adherent cells were then characterized according to the 

ISCT criteria. Flow cytometry analysis demonstrated that those 

cells are positive (>95%) for the MSC markers CD73, CD90 and 

CD105 whilst negative (<5%) for CD45, CD34, CD14, CD19 

and HLA-DR markers. It is noteworthy that inflammation 

priming had no significant impact on the expression level of 

those markers (data not shown). 
 

To comply with the ISCT criteria, we further confirmed that the 

obtained cells exhibited a multi-lineage potential since they were 

able to differentiate into cells of adipogenic, osteogenic or 

chondrogenic lineage after being cultured with appropriate 

induction media (data not shown). After 21 days of osteogenic 

differentiation, a mineralization matrix following calcium 

deposits was observed by Alizarin red staining demonstrating the 

generation of osteoblasts. After 10 days of adipogenic 

differentiation, cells with cytoplasm containing several lipid 

vacuoles were revealed by Oil Red O staining indicating the 

formation of adipocytes. After 21 days of chondrogenic 

differentiation, the production of proteoglycans-based 

extracellular matrix was shown by Alcian blue staining 

illustrating the generation of chondrocytes. 
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Impact of Inflammation Priming on miRNA-Expression 

Profile in FSK–MSCs Cells  
 

Aware that MSCs can serve as sensors and switchers of 

inflammation, and given the importance of miRNAs in 

regulating inflammatory responses, we aimed at characterizing 

the expression level of different miRNAs in FSK–MSCs and 

investigating the impact of inflammation on this expression. 

FSK–MSCs were derived from 5 independent donors and total 

RNA was prepared from those cells being either untreated 

(control cells) or treated with a pro-inflammatory cytokine 

cocktail (treated cells). TaqMan low density array (TLDA) was 

then carried out to assess miRNA expression level in those cells. 

Before measuring miRNAs’ levels and in order to identify 

suitable endogenous controls, three different candidate miRNAs 

(RNU44, RN48, and U6 snRNA) were analyzed for variance in 

gene expression using Data Assist software v2.0. The statistical 

method ranked the candidate endogenous control genes with an 

excellent correlation of raw stability values (data not shown). 

The most stably expressed RNU48 was chosen as the 

endogenous control, and relative miRNA expression was 

normalized against RNU48. Our TLDA analysis revealed that 

the miRNA expression profile in treated cells is not totally 

similar to that of untreated cells. In fact, we show the expression 

level of 25 miRNAs that were modulated in treated vs. control 

cells (Figure 1). Among these, 20 miRNAs (miR-145, -149, -

182, -194, -199a, -221, -27a/b, -328, -330-5p, 345, -34c, -361, -

369-5p, -423-5p, 485-3p, 485-5p, -494, -615-5p and-758) were 

downregulated whilst 5 miRNAs (miR-107, -155, -183, -363 and 

-886-3p) were upregulated. Details of the results are shown in 

Table 1. A clustergram of the samples as well as the significantly 

differentially expressed miRNAs in control and treated cells are 

illustrated in Figure 1 in the form of a heat map generated using 

ΔCt values. Heat map is a typical method used in gene-

expression analysis where the expression level of many genes 

across a number of tested samples can be displayed in a two 

dimensional image with a color code representing the expression 

intensity of each gene. 
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Figure 1: Differentially expressed miRNAs in inflammation-primed FSK–

MSCs. Heat map presenting the differentially expressed miRNAs in 

inflammation-primed FSK–MSCs compared to their respective untreated 

partners (n = 5 in each group). MiRNA expression data was generated by 

performing TaqMan low-density arrays (TLDA). Columns correspond to 

inflammation-cocktail treated samples (T) or untreated control samples (C). 

Each row corresponds to an individual miRNA sequence. Only miRNAs 

significantly modulated (p < 0.05) are included in the map. The colors display 

miRNA expression variance where red indicates an increased abundance of 

miRNA in the indicated samples whereas green indicates a reduced miRNA 

level. 
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Table 1: MiRNA signature identified by TLDA Technique. 

The numbers corresponding to these colors are the ΔCt values. The dendrogram on the left side of the heat map classifies miRNAs into 

groups based on the divergence of miRNA expression values among the different samples. The dendrogram presented at the top 

indicates the relatedness of the samples based on overall miRNA expression values and separates the control from the treated group of 

samples. 

 

microRNA Inflammation vs. Ctrl ratio p value 

miR-145 0.022 0.012 

miR-149 0.24 0.0044 

miR-182 0.216 0.047 

miR-194 0.221 0.039 

miR-199a 0.032 0.031 

miR-221 0.075 0.026 

miR-27a 0.082 0.039 

miR-27b 0.23 0.04 

miR-328 0.385 0.023 

miR-330-5p 0.0045 0.045 

miR-345 0.12 0.046 

miR-34c 0.0867 0.044 

miR-361 0.1878 0.047 

miR-369-5p 0.0213 0.041 

miR-423-5p 0.296 0.0108 

miR-485-3p 0.392 0.025 

miR-485-5p 0.12 0.034 

miR-494 0.27 0.046 

miR-615-5p 0.004 0.042 

miR-758 0.011 0.027 

miR-107 12.5 0.048 

miR-155 8.5 0.0081 

miR-183 9.5 0.046 

miR-363 15 0.013 

miR-886-3p 3.5 0.02 

 
Our TLDA analysis identified 25 miRNAs to be differentially expressed in treated vs. untreated control cells with a p value <0.05 
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In a second step, and in order to validate their differential 

expression, miRNAs that appeared to be upregulated or 

downregulated in treated vs. control cells were further examined 

using individual quantitative Real Time PCR (qRT-PCR). 

Interestingly, out of the 25 miRNAs that showed altered 

expression (Table 1), 16 miRNAs were confirmed to exhibit 

such differential expression in treated vs. control cells (Figure 2). 

Those 16 miRNAs fall in two groups. Group 1 contains 13 miRs 

that were downregulated (ratio between 0.1and 0.005) in treated 

cells in comparison to control cells and includes miR-27a, -145, -

149, -194, -199a, -221, -328, -345, -423-5p, -485-3p, -485-5p, -

615-5p and -758 (Figure 2). Observing that those 16 miRs are 

not equal in terms of their downregulation rate led us to further 

classify them into subgroups. Group 1A corresponds to miRNAs 

that were most strikingly downregulated and consists of miR-

27a, -145 and -221 that decreased 10, 13.7 and 15 folds, 

respectively. Group 1B consists of miRNAs that were less 

strikingly downregulated and includes miR-149, -194, -615-5p 

and -758 that exhibited decreased rates of 7, 8.4, 5 and 5.3 folds, 

respectively. Group 1C contains the least strongly downregulated 

miRNAs and includes miR-199a, -328, -345, -423-5p, 485-3p 

and -485-5p that showed downregulation rates of 3.8, 2, 4.8, 2.5, 

3.4 and 3.7 folds, respectively. 
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Figure 2: Sixteen miRNAs are differentially expressed after inflammation 

priming of FSK–MSCs. FSK–MSCs, derived from 5 independent donors, were 

cultivated in the absence or presence of inflammatory cocktail. RNU48-

normalized miRNA levels were quantified by qRT-PCR and plotted as Box 

plots. The statistical significance was determined using Mann–Whitney U- test 

(*p <  0.05, **p < 0.01 vs. untreated control cells) 
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On the other hand, group 2 contains 3 miRNAs (miR-155, -363 

and -886-3p) that were upregulated (ratio greater than 3) in 

treated vs. control cells (Figure 2). Among these, miR-155 was 

the most strikingly upregulated miR exhibiting a 9.4 fold 

increase whilst miR-363 and -886-3p showed increased rates of 

4.7 and 4.5 folds, respectively. Altogether, these observations 

demonstrate a clear difference in the miRNA expression profile 

in FSK–MSCs exposed to inflammatory signals vs. control cells 

suggesting a potential role for miRNAs in modulating FSK–

MSCs’ transcriptional programs in response to inflammatory 

conditions. 

 

Analysis of Inflammation Primed MSCs–Associated 

miRNA Pathways  
 

Since each miRNA can regulate the expression of many target 

genes but multiple miRNAs can modulate specific pathways, we 

explored the pathways that were potentially regulated by the 

miRNAs observed to be altered in inflammation primed FSK–

MSCs in comparison to untreated control MSCs. 

 

For the identification of these pathways, DIANA-miRPath v.3.0 

analysis web server was used and each of the statistically 

differentially expressed miRNAs was used as a query. The 

output Kyoto encyclopedia of genes and genomes (KEGG) 

pathways obtained for each miR included many results and for 

reasons of simplicity and specificity we focused only on 

pathways linked to inflammation. These pathways were 

previously summarized in [19] and included Adhesion-

Extravasation-Migration, apoptosis signaling, calcium signaling, 

cytokine signaling, leukocyte signaling, innate pathogen 

detection, MAPK signaling, NF-κB signaling, PI3 K-AKT 

signaling, TNF superfamily signaling, NK cell signaling, GPCR 

signaling, ROS/Glutathione/cytotoxic granules, phagocytosis-

antigen presentation, complement cascade, Eicosanoid signaling 

and Glucocorticoid signaling/PPAR signaling. The pathways 

targeted by upregulated and downregulated miRs are shown in 

Table 2. It is noteworthy that no KEGG pathways linked to 

inflammation were identified for miR-149, -328, -345, -363, -

423-5p, -615-5p, -758 and -886-3p. 
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Table 2: Significantly enriched KEGG pathways (p < 0.05) targeted by miRNAs. 

 

miRNA Term_ID Term_name Gene_count p value 

hsa-miR-27a-3p hsa04520 Adherens junction 21 0.01 

hsa-miR-27a-3p hsa04151 PI3-AKT signaling pathway 78 0.03 

hsa-miR-27a-3p hsa-04115 Apoptosis signaling pathway 21 0.01 

hsa-miR-145 hsa04310 Wnt/Ca2+ signaling pathway 40 0.02 

hsa-miR-145 hsa04520 Adherens junction 32 6.9 x 10−8 

hsa-miR-145 hsa04151 PI3-AKT signaling pathway 99 0.005 

hsa-miR-145 hsa-04115 Apoptosis signaling pathway 26 0.005 

hsa-miR-199a-5p hsa04520 Adherens junction 8 0.001 

hsa-miR-194-5p hsa04520 Adherens junction 8 0.0004 

hsa-miR-221-3p hsa-04115 Apoptosis signaling pathway 13 0.007 

hsa-miR-221-3p hsa04670 Leukocyte transendothelial migration 14 0.02 

hsa-miR-423-5p hsa04520 Adherens junction 14 0.03 

hsa-miR-485-5p hsa04310 Wnt/Ca2+ signaling pathway 7 0.02 

hsa-miR-155 hsa04520 Adherens junction 13 0.01 

hsa-miR-155 hsa04064 NF-Kappa B signaling 16 0.002 

hsa-miR-155 mmu04668 TNF signaling pathway 22 0.001 

hsa-miR-155 hsa04520 Adherens junction 13 0.01 

 
KEGG pathways, number of target genes, and p values were identified by DIANA miRPath v.3.0 for statistically significant differentially expressed miRNAs in 
inflammation primed FSK–MSCs vs. untreated control cells 
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Discussion  
 

In addition to their self-renewing and multi-lineage 

differentiation properties, MSCs exhibit immunoregulatory 

abilities through influencing both immune and inflammatory 

responses [20]. In fact, MSCs, can actively sense the surrounding 

microenvironment or inflammatory milieu and adopt their 

phenotype and responses, accordingly [20]. For instance, and 

depending on the environmental signals, MSCs can play both 

pro- and anti-inflammatory roles [20]. This marked functional 

plasticity of MSCs renders them as clinically relevant cell types 

with important therapeutic potential for tissue repair and 

regeneration as well as for the treatment of different 

inflammatory diseases and malignancies [20,21]. Nowadays, 

different populations of MSCs, derived from distinct human 

tissues, are available and exhibit dissimilar immunological 

profiles and functional capacities [5,22,23]. FSK–MSCs are 

emerging as a highly interesting MSC-type due to their recently 

characterized properties [8]. Besides, FSK–MSCs, when exposed 

to inflammatory conditions, have been shown to exhibit induced 

expression of different immunoregulatory genes and factors [8]. 

Their high sensitivity to inflammation increased the interest in 

understanding the molecular mechanisms involved in coupling 

FSK–MSCs’ responses to the surrounding inflammatory 

microenvironment. 

 

Among the different regulatory elements that controls gene 

expression and modulates cellular fate and behavior are 

miRNAs. For instance, they can significantly alter the responses 

of different innate and adaptive immune cells where any 

disturbance of their expression profiles can lead to several 

diseases [24-27]. Therefore, miRNAs are, nowadays, considered 

as attractive therapeutic targets [24-27]. Besides their ability to 

modulate immune responses, miRNAs play a key role in MSCs’ 

biology. For example, miRNAs can strikingly affect MSCs’ 

decision to either proliferate or differentiate into either cell 

lineage including adipogenic, chondrogenic, myogenic, 

neurogenic or other lineages [287]. The aim of this work was to 

determine the miRNome of FSK–MSCs by investigating the 

expression profile of 380 different miRNAs in inflammation 

https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-016-1106-3#ref-CR8
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primed vs. control non-primed cells. The major outcome of this 

study is our demonstration of a significantly altered miRNA 

expression profile in inflammation-primed FSK–MSCs where 16 

miRNAs were found to be differentially expressed. This 

observed inflammation-triggered alteration of miRNA 

expression pattern is not surprising especially that different 

miRNAs have been reported to show altered expression in 

response to inflammatory signals. For example, miR-146 

expression level is described to be upregulated in response to 

inflammatory stimuli [29], whilst other miRNAs including miR-

9, -101, -125b, -155, -146, -192 and -203 are described to exhibit 

altered expression profiles in some inflammatory diseases [30]. 

 

We classified our differentially expressed miRNAs in two major 

groups: (1) a first one containing the miRNAs being 

downregulated in inflammation-primed FSK–MSCs and includes 

miR-27a, -145, -149, -194, -199a, -221, -328, -345, -423-5p, -

485-3p, -485-5p, -615-5p and -758; (2) and a second one bearing 

the upregulated miRNAs and consists of miR-155, -363 and -

886-3p. Interestingly, among those identified miRNAs, there are 

ones that have already been demonstrated to regulate MSCs’ 

behavior. For instance, miR-27a has been reported to regulate 

osteogenesis of MSCs [31] whilst miR-145, -194, and -199a 

have been described to regulate their chondrogenesis [32-34]. 

Moreover, miR-221 has been shown to be involved in the 

adipogenesis process of MSCs [35]. Besides its ability to 

regulate adipogenesis [35], miR-155 has also been described to 

modulate the responses of MSCs to inflammatory signals [36]. 

Furthermore, miR-886-3p overexpression has been shown to 

inhibit MSCs migration [37]. 

 

Given that a variety of genes, encoding cell adhesion molecules, 

co-stimulatory elements as well as immunoregulatory cytokines 

and factors, are modulated in inflammation-primed FSK–MSCs, 

it is strongly possible that the differentially expressed miRNAs 

could be involved in the regulatory processes accounting for 

such altered transcription programs in inflammation-primed vs. 

non-primed FSK–MSCs. This proposal is strongly supported by 

the observation that miR-155 expression can be modulated upon 

inflammation-priming of mouse MSCs and that miR-155 
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expression levels are tightly related to its ability to modulate the 

immunosuppressive capacity of those MSCs [36], thus providing 

a striking evidence for the importance of miRNAs in regulating 

the immunoregulatory capacity of MSCs. To get more insight 

into the potential mechanisms and signaling events that could be 

targeted by our differentially expressed miRNAs, we searched 

for the predicted target pathways of those miRNAs. In fact, 

given that multiple miRNAs may cooperate to regulate related 

target genes in a certain signaling route [38,39], analysis of 

target pathways instead of individual genes was carried out. The 

miRNAs, being downregulated in inflammation-primed FSK–

MSCs, are predicted to target pathways enriched in genes 

involved in Adherens junction, PI3-AKT pathway, apoptosis 

pathway, Wnt/Ca
2+

 pathway and leukocyte trans-endothelial 

migration. On the other hand, adherens junction, TNF and NF-

KB signaling pathways are predicted to be the targets of miR-

155 which is upregulated in inflammation-primed FSK–MSCs. 

Indeed, it was previously reported that miR-155, being 

upregulated in inflammation primed mouse MSCs, modulates 

MSCs immunosuppressive capacity upon modulating NF-KB 

activity [36]. 

 

The observed altered miRNA expression profile in 

inflammation-primed vs. non-primed FSK–MSCs imposes a 

detailed mechanistic characterization of the involvement of each 

of the identified miRNAs as well as their predicted pathway(s) 

on FSK–MSCs inflammatory responses in future studies. 

However, our observations might provide an early step toward 

developing a novel strategy to improve the immunosuppressive 

activity of FSK–MSCs. For instance, identifying the miRNAs 

that either dampen or trigger the expression of genes encoding 

immunosuppressive cytokines, factors and receptors would 

enable us to trigger, in vitro, the immunomodulatory capacity of 

FSK–MSCs by downregulating or upregulating the expression of 

certain miRNAs. This, in vitro, pre-activation of FSK–MSCs 

would greatly improve their therapeutic potential and medical 

value. 
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Conclusions  
 
In this report, we show that inflammation-priming of FSK–

MSCs substantially alters their miRNA expression profile where 

13 miRNAs are downregulated and 3 others are upregulated. 

Those differentially expressed miRNAs are predicted to target 

several candidate signaling pathways being involved in 

regulating cellular behavior in response to inflammatory signals. 

Aware that the in vivo communication between grafted MSCs 

and the host inflammatory microenvironment orchestrates the 

plasticity of the immunological properties of the grafted MSCs, 

understanding the molecular events that transplanted MSCs 

undergo upon exposure to an inflammatory signal is of great 

importance. In this report, we highlight a potential role for 

miRNAs in regulating FSK–MSCs’ responses to inflammatory 

signals. Further, we suggest that miRNAs could serve as 

potential targets to improve, in vitro, the therapeutic value of 

MSCs before being grafted into the patient. 
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Abstract  
 

With rapidly increased construction of nuclear power plants 

worldwide to reduce energy shortage and subsequent 

environment contamination, routine use of radiotherapy and 

radiodiagnosis equipment in the clinical medicine, the research 

on the health effect of radiation exposure has become a very 

important area to explore. Traditional Chinese Medicine (TCM) 

may be an ideal candidate therapy as it usually produces fewer 

side effects even with long-term administration. In this paper, we 

reviewed current therapeutic approaches to prevent radiation-

induced brain neuropathological and functional changes. 

Neuroprotective effects of TCM in different brain injury models 

have been briefly summarized. We then reviewed the 
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neuroprotective and radioprotective effect of TCM in different 

radiation exposure models and discussed the potential molecular 

mechanism(s) of the neuroprotective and radioprotective effect 

of TCM. The conclusions and future research directions were 

made in the last part of the paper. 

 

Introduction  
 

Radiation-Induced Brain Dysfunction. Nuclear accidents such as 

radiation leakage from the Fukushima nuclear power plant in 

Japan in 2011, extensive use of X-ray, Computed Tomography 

(CT scan), Positron Emission Tomography (PET) in medical 

diagnosis, radiotherapy (RT) for treatment of human cancers, 

space travel, and atomic weapons testing have significantly 

increased the chance of radiation exposures [1]. Exposure to high 

doses/dose rates of radiation leads to an increased risk for cancer 

and noncancerous diseases including atherosclerotic, 

cardiovascular, cerebrovascular, and neurodegenerative effects 

[2]. Irradiation of eukaryotic cells induces damage to proteins, 

lipids, and DNA directly or indirectly due to free radical 

formation. Cell signaling events in response to radiation depend 

on environmental conditions besides genetic and physiological 

features of the biological systems [3]. In the mammalian brain, 

severe structural and functional injury occurs after acute or 

fractionated high dose radiation exposure [4]. Low doses/dose 

rates of radiation exposure may produce cognitive impairment 

even without any significant morphological alterations [5]. 

Ionizing radiation (IR) provokes cognitive deficits, especially 

during childhood and adolescence. 

 

Different psychiatric disorders, including depression, bipolar 

disorder, and schizophrenia, may be related to hippocampal 

neurogenesis disturbances. There is evidence of an increased 

incidence of schizophrenia spectrum disorders following 

exposure to atomic bombing radiation, radiotherapy, or 

environment with high natural IR level [6]. Alzheimer’s disease 

(AD) is a human neurodegenerative disease, and its global 

prevalence has been predicted to increase dramatically in the 

following decades. Mounting evidence suggests that exposure to 

IR may result in the development of AD [7]. On the other hand, 
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retrospective studies involving the general population and those 

with brain radiotherapy did not show any association between 

RT and Alzheimer’s disease [8,9]. From a therapeutic point of 

view, so far, only Amifostine has been used as an important 

adjunct to radiotherapy to reduce radiation-induced damage to 

normal tissues or cells, particularly in skin, intestine, marrow, 

mucosa, and salivary glands with lesser activity in kidney and 

lung and none in brain [10]. However, toxic side effects of 

Amifostine have restricted its use in clinical treatment of 

radiation-induced diseases [11]. Therefore, it is important to 

develop compounds which can protect against radiation-induced 

brain damage with less side-effect. 

 

In the behavioral tests to evaluate the effect of Traditional 

Chinese Medicine (TCM) on learning and memory, Morris water 

maze test has been commonly used. The maze consists of a pool, 

with a hidden platform submerged just below the water surface. 

During the Morris water maze test, the rat or mouse learns to 

escape from the water by locating a hidden platform with the 

help of visual cues. The learning ability is quantified as escape 

time. The shorter escape time a mouse or a rat needed to find the 

central platform, the better its spatial memory [12]. 

 

In this review paper, a comprehensive literature research was 

carried out using key words “Traditional Chinese Medicine 

(TCM), radiation or irradiation, neuronal damage, brain, 

neuroprotection, or radioprotection” by means of the scientific 

engine Google Scholar (http://scholar.google.com/), and via the 

databases, PubMed (http://www.ncbi.nlm.nih.gov/pubmed). The 

following Chinese websites, 

http://acad.cnki.net/Kns55/brief/result.aspx?dbPrefix=CJFQ 

from China National Knowledge Infrastructure (CNKI), 

http://g.wanfangdata.com.cn/ from WanFang, and 

http://qikan.cqvip.com/ from WEIPU, were also searched. 

 

Current Treatment For Radiation-Induced 

Brain Dysfunction  
 

Radiation-induced neuronal apoptosis results from oxidative 

stress, and antioxidant treatments prevent radiation-induced 
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brain damage [13]. Amifostine has been found to decrease the 

reactive oxygen species (ROS) levels [14] and suppress 

radiation-induced cell death in developing cerebellar granular 

cells [15]. Amifostine significantly attenuated recognition 

memory defects in adult mice exposed to low dose radiation [16] 

and has been widely used as a radioprotective agent. 

 

Irradiation induces the activation of inflammatory cells and the 

release of inflammatory cytokines [17]. Anti-inflammation 

therapy has been proved to be radioprotective. Eicosapentaenoic 

acid is an anti-inflammation agent and could effectively protect 

hippocampal neurons from damage by whole body irradiation 

[18,19]. Pretreatment with anti-inflammatory drugs such as 

indomethacin or a peroxisome proliferator-activated receptor-α 

agonist combined with fenofibrate prevented microglial 

activation and impairment of neurogenesis [20]. Treatment with 

the angiotensin converting enzyme inhibitors AT1RA L-158,809 

and ramipril ameliorated radiation-induced cognitive deficits and 

reduced apoptosis among subgranular zone (SGZ) progenitors 

and inflammatory disruption within the SGZ microenvironment 

in the rat model [21,22]. The administration of atorvastatin 

combined with ramipril appeared to synergistically ameliorate 

radiation-induced inhibition of neurogenesis [23]. Therefore, 

anti-inflammatory therapy may be a potential therapeutic 

approach for radiation-induced brain injury. 

 

Traditional Chinese Medicine (TCM) with 

Neuroprotective Effect  
 

Several TCM have been tested for their neuroprotective activity 

after brain insults (Table 1). 
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Table 1: Neuroprotective effect of Traditional Chinese Medicine (TCM) after brain insults. 

 
No. Herbs and plant 

extract 

Main acting 

constituents 

Test 

system 

Brain insults Effect Mechanism References 

1 Morinda 

officinalis 

Rubiadin, Rubiadin-

1-methylether, etc. 

Rat, 

mouse, 

human 

Alzheimer’s disease 

(AD), memory disorder 

Improve learning and 

memory, Anti-AD, protect 

brain function, anti-

depression, anti-aging, 

improve language function 

Anti-oxidative stress, anti-apoptosis, enhanced LTP 

function in hippocampal synapse, improving glucose 

metabolism 

[24–30] 

2 Lycium 

barbarum 

Lycium barbarum 

polysaccharide, 

Betane, etc. 

Rat, 

mouse 

Memory disorder 

resulted by lead expose 

or manganese 

poisoning 

Improve learning and 

memory, protect brain 

function 

Anti-oxidative stress, anti-apoptosis, promoting 

hippocampal neurogenesis 

[31–34] 

3 Safflor Carthamin, Safflow 

yellow, etc. 

Rat, 

mouse 

Memory disorder Improve learning and 

memory 

Anti-oxidative stress, anti-apoptosis, [35–38] 

4 Epimedium Icariin, Icariside, etc. Rat, 

mouse 

Dementia Improve learning and 

memory, Anti-AD, protect 

brain function, anti-aging 

Anti-oxidative stress, anti-apoptosis, reducing the 

entanglement of nerve fibers (Tau),  

promoting hippocampal neurogenesis, inhibiting 

inflammatory mediators, increase estrogen levels, 

increase the activity of sodium pump and calcium pump 

[39, 40] 

5 Radix polygalae Onjisaponin, Ketone, 

etc. 

Rat, 

mouse 

AD Improve learning and 

memory, Anti-AD, protect 

brain function 

Anti-oxidative stress, anti-apoptosis, enhancing LTP 

function in hippocampal synapse, increasing the 

expression of CREB in the hippocampus, inhibiting 

inflammatory mediators, improve the entanglement of 

nerve fibers(Tau) promoting hippocampal neurogenesis 

[41–48] 

6 Acrous 

tatrinouill 

shotts 

β-Asarone, α-

Asarone, etc. 

Rat, 

mouse 

Memory impairment by 

scopolamine; cortical 

neuron damage; 

depression 

Improve learning and 

memory, Anti-AD, protect 

brain function, anti-

depression 

Anti-oxidative stress, anti-apoptosis,  

increasing the expression of CREB in the hippocampus 

[49–51] 

7 Polygona 

sibiricum 

Polygonatum 

Polysaccharide, 

Street soap shake, 

etc. 

Rat, 

mouse 

Memory impairment by 

scopolamine 

Improve learning and 

memory, Anti- AD, protect 

brain function, anti-

depression 

Anti-oxidative stress, anti-apoptosis, improving cerebral 

ischemia 

[52, 53] 

8 Cynomorium 

songaricum 

Rupr 

Anthocyanin, 

Triterpenoid 

saponins, etc. 

Rat, 

mouse 

AD Improve learning and 

memory, Anti-AD, protect 

brain function, anti-aging 

Anti-oxidative stress [54–56] 

9 Alpinia 

oxyphylla miq. 

Fruit 

Sesquiterpene, 

Monoterpene, etc. 

Rat, 

mouse 

Scopolamine-induced 

dementia 

Improve learning and 

memory, protect brain 

function, anti-aging 

Anti-oxidative stress, anti-apoptosis [57, 58] 

10 Broomrape Ergosterin, 

Cistanche glycoside, 

etc. 

Mouse, 

human 

AD; Memory 

impairment; cerebral 

ischemia 

Improve learning and 

memory, protect brain 

function 

Anti-oxidative stress, anti-apoptosis [59–67] 

 



Prime Archives in Medicine: 2
nd

 Edition 

7                                                                                www.videleaf.com 

Morinda Officinalis 

  
Bajisin is a glycoside monomer extracted from TCM Morinda 

officinalis. It protects brain cells and has antiaging and 

antidepression effect. In the rat model of acute cerebral ischemic 

injury, Bajisin increased the activity of superoxide dismutase 

(SOD), glutathione peroxidase, and glucose production and 

reduced lipid peroxide in the brain tissue of senile mice. It had 

no obvious influence on the nitrogen monoxide (NO) [24]. In D-

galactose and sodium nitrite-induced Alzheimer disease model, 

Morinda officinalis significantly increased the learning and 

memory ability [25]. It also had antiaging effect. Morinda 

officinalis significantly decreased malondialdehyde (MDA) and 

the apoptotic index of Purkinje fibers [26]. So far, five 

compounds from Morinda officinalis were isolated and their 

structures were identified as asrubiadin-1-methylether (I), 2-

hydroxy-1-methoxyanthraquinone (II), scopoletin (III), 

isofraxidin (IV), and anthraquinone-2-aldehyde (V) [27]. When 

the forced swimming tests in mice and rats and differential-

reinforcement-of-low-rate 72 second schedule (DRL72 s) in rats 

were used, the extracts induced significant reduction in the 

immobility periods in the forced swimming tests and elicited 

significant increases in reinforcers in DRL72 s [28]. Clinical 

trials suggested that Bajitian oligosaccharide capsule improved 

the symptoms of patients with mild or moderate depression. The 

efficacy was similar to fluoxetine, but it produced fewer side 

effects [29, 30]. 

 

Lycium Barbarum  
 

Regulates immunity, has antiaging effect, and is able to scavenge 

free radicals. Administration of Lycium barbarum juice 

significantly improved learning and memory ability and 

increased the activities of acetylcholinesterase (AchE) and SOD, 

while the contents of MDA in brains decreased obviously when 

compared to aging mice [31]. It increased the learning and 

memory ability in manganese [32] or lead [33] poisoning mice 

model. Lycium barbarum could also induce differentiation of 

bone marrow stromal cells (BMSCs) into neurons [34]. 
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Safflor  
 

Improved the learning and memory ability of AD rats induced by 

AB1-42[35]. This effect may be related to the decrease of 

oxidative stress and the increase of cholinergic nerve function in 

brain tissue [36–38]. 

 

Epimedium  
 

Epimedium is a genus of flowering plants in the family 

Berberidaceae. The active component of Epimedium extracts 

Icariin inhibits tumor, enhances immunity, improves heart and 

cerebral vessels, and regulates endocrine function. Recent 

studies suggest that Icariin also has neuroprotective effects in the 

central nervous system. Icariin increased the SOD activity of 

brain tissue, reduced MDA and AchE activity, and therefore 

protected the hippocampus and improved the learning and 

memory ability in the rat model [39]. Icariin also promoted 

neurogenesis in the dentate gyrus (DG) of the hippocampus [40]. 

 

Radix Polygalae  
 

Radix Polygalae is usually used for the treatment of human 

insomnia or coughing. In the rat model of Alzheimer’s disease 

(AD), Radix polygalae could effectively improve learning and 

memory ability by inhibiting the activity of brain AchE, reducing 

MDA, free radical levels, and oxidative stress injury, and 

increasing SOD [41]. It significantly decreased the escape 

latency in hidden platform and increased the time spent in target 

quadrant and the number of crossing times in the spatial probe 

test [42]. Radix polygalae also protected neurons from the toxic 

effect of AB1-40 and reduced the hyperphosphorylation of tau 

(Ser 396) in the neurons of AD rats by activating the expression 

of protein phosphatase 2A (PP2A) and inhibiting the expression 

of protein kinase A (PKA) [43]. The main active component of 

Radix polygalae, Tenuigenin, promoted the differentiation of 

neural stem cell into nerve cells [44,45]. Radix polygalae 

improved hippocampal-dependent learning and memory and had 

potential antidepressant properties [46–48]. 
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Acrous Tatrinouill Shots  
 

Acrous Tatrinouill Shots is widely used in clinical practice in 

epilepsy, fever, phlegm syncope, faint, forgetful, stroke aphasia, 

tinnitus, and Alzheimer’s disease. B-asarone is its main 

ingredient. Acrous tatrinouill shotts can improve the learning 

and memory ability of rats induced by scopolamine, which may 

be linked to the reduction of the expression of glial fibrillary 

acidic protein (GFAP) and MDA in hippocampal astrocytes [49]. 

Glutamate exposure to cultured rat cortical neurons induced 

morphological changes and lactate dehydrogenase (LDH) 

leakage, increased intracellular calcium concentration, and 

decreased cell survival rate. B-asarone could reduce intracellular 

calcium concentration, LDH leakage, and apoptosis ratio and 

therefore increase cell survival [50]. The depression was relieved 

effectively by B-asarone in the rat model which may be related 

to the improvement of the expression of Bcl-2, brain-derived 

neurotrophic factor (BNDF), tyrosine kinase receptor B (TrkB), 

and mitogen-activated protein kinases (MAPK) [51]. 

 

Polygona Sibiricum  
 

Polygona Sibiricum has antiaging, lowering increasing coronary 

blood flow, and anticancer effect. Polygona sibiricum improved 

the learning and memory ability in mice. Alcohol extract from 

the rhizome of Polygonatum sibiricum improved acquisition of 

impairment of memory induced by scopolamine (SCO) in mice. 

It also extended the survival time of mice subjected to cerebral 

ischemia by the occlusion of the bilateral carotid arteries and that 

PS ethanolic extract 2.0 mg/mL and 10.0 mg/mL inhibited MDA 

formation in the rat brain tissue [52]. Polygona sibiricum also 

reduced the deposition of Aβ in the hippocampus of AD rats 

[53]. 

 

Cynomorium songaricum Rupr  
 

Cynomorium songaricum Rupr has the role of tonifying kidney 

yang, enhancing aphrodisiac action, and laxative effect. It 

markedly improved the learning and memory ability in the rat 
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AD model by reducing oxidative stress in the brain tissue and 

promoting the formation of synapses [54–56]. 

 

Alpinia Oxyphylla Miq  
 

Alpinia Oxyphylla Miq is a dried ripe fruit of the perennial plant 

of the ginger family. It significantly improved the learning and 

memory ability in mice induced by scopolamine [57]. The 

Alpinia oxyphylla Miq could prevent the injury of hippocampal 

CA3 neurons in the restrained stress rat model [58]. 

 

Broomrape  
 

Broomrape has different biological activities, such as immune 

regulation, memory enhancement, antioxidative, antiaging, and 

radiation protection. A significant improvement of memory was 

observed in mice with learning disabilities induced by 

hydrocortisone [59,60]. Broomrape protected the brain cells by 

scavenging oxygen free radicals and reducing lipid peroxidation 

damage to brain tissue [61,62]. It improved the learning and 

memory of AD mice by decreasing the content of MDA, 

increasing the activity of SOD, GSH-Px, and decreasing the 

activity of AChE, the apoptosis rate of brain cells, and the 

accumulation of calcium in brain tissue [63–65]. In AD patients, 

Broomrape improved the cognitive and self-care ability and 

delayed the progress of dementia [66]. The total glycosides of 

Cistanche deserticola extract could significantly improve the 

behavioral characteristics in the mouse Parkinson’s disease 

model induced by 1-Methyl-4-phenyl-1,2,3,6-tetrahydropyridine 

(MPTP) and increase the content of dopamine in striatum and the 

expression of tyrosine hydroxylase in the substantia nigra [67]. 

 

Traditional Chinese Medicine with 

Radioprotective Effects  
Astragalus Membranaceus 
 

Hydroponically grown root extracts from Astragalus 

membranaceus significantly reduced UVA-induced DNA 

damage in cultured human lung and skin fibroblasts [68]. In the 

brain of rats with acute encephalopathy caused by 
60

Co 
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irradiation, the intraperitoneal injection of Astragalus parenteral 

solution decreased the nitric oxide and ameliorated the cognitive 

ability, suggesting that astragale may protect radiation-induced 

brain injury [69,70]. The acute and chronic electromagnetic field 

(EMF) irradiation could initiate neurologic damage in 

hippocampus. Chinese medicine diet (CMD) which comprised 

ferulic acid, gimenoside, astragalus polysaccharide, an ingredient 

of Astragalus, and rhodiola sachaliens has protective effect on 

the impaired learning and memory, the neuronal apoptosis, and 

the peroxidation damage induced by electromagnetic field 

irradiation. CMD intervention played a significant protective role 

in antagonizing neurological damage in the later stage of acute 

irradiation and chronic irradiation [71,72]. Astragalus also 

significantly protected neuronal apoptosis induced by radiation 

injury at a single-dose X-ray exposure of 30 Gy [73]. While 

radiotherapy prolongs the survival time of patients with head and 

neck tumor, the side effects such as radiation optic neuropathy 

may lead to irreversible visual loss which seriously affects the 

quality of life of patients. Recent studies suggested that 

Astragalus membranaceus significantly improved the visual 

acuity of irradiated rats or patients with nasopharyngeal 

carcinoma after radiotherapy [74,75]. 

 

Salvia Miltiorrhiza  
 

The bioactive constituents of Salvia miltiorrhiza, i.e., 

tanshinones and depsides, protect against β-amyloid-induced 

toxicity by the anti-inflammatory mechanisms. The two 

constituents enhance the antiapoptotic B-cell leukemia protein-2 

family members, decrease the translocation of cytochrome c, and 

have an activity on vascular endothelial growth factor. In 

addition, depsides decrease caspase-3, intracellular Ca(2+), and 

reactive oxygen species while tanshinones enhance the activities 

of superoxide dismutase and glutathione peroxidase [76]. In the 

mouse whole brain irradiation model, Salvia miltiorrhiza 

prevented the high dose radiation-induced brain structural and 

functional changes and improved the quality of life by 

ameliorating the primary events [77]. Microwave irradiation 

induced a significant decrease of ATPase activity and a 

remarkable increase of Na
+
, Ca

2+
 contents in the hippocampus. 
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However, Salvia miltiorrhiza could significantly lower the 

inhibition of ATPase activity and the increase of Na
+
, Ca

2+
 in the 

hippocampus. The neuronal damage was also ameliorated 

substantially [78]. The behavioral test indicated that Salvia 

miltiorrhiza could improve the learning and memory ability of 

rats [79]. This was confirmed by another study showing that 

Salvia miltiorrhiza improved the ionizing radiation-induced 

cognition impairment by reducing lipid peroxide (LPO) and 

intercellular cell adhesion molecule-1 (ICAM-1) expression in 

the mouse model [80]. The brain radioprotective effect of Salvia 

miltiorrhiza was also confirmed in clinical studies showing that 

radiotherapy combined with administration of Salvia miltiorrhiza 

significantly reduced radiation-induced brain injury [81–83]. 

 

Ligusticum Chuanxiong Hort  
 

Ligusticum chuanxiong Hort and its bioactive ingredient, 

tetramethylpyrazine (TMP), have been used to treat 

cardiovascular diseases and to relieve various neurological 

symptoms. TMP effectively protected neuronal apoptosis, which 

was associated with the inhibition of oxidative stress and a 

change in the levels of apoptosis-related proteins, Bcl-2 and Bax. 

Furthermore, TMP reduced the expression of proinflammatory 

cytokines such as TNF-α and IL-8, which likely contributes to its 

cytoprotective effects [84]. Clinical study has shown that TMP 

significantly improves the symptoms of patients with 

radiotherapy-induced encephalopathy [85] and optic neuropathy 

[86]. 

 

Broomrape  
 

Citanche glycoside is an active component of Broomrape. It 

facilitated the repairing process of radiation-induced damage to 

the biological membranes and cells of sensitive organs in the 

mice [87]. 

 

Horse Chestnut P.E.  
 

β-aescine sodium is an ingredient from Horse Chestnut P.E. 

Cerebral edema is a radiation injury at acute stages after the 
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exposure. Early aggressive treatment of cerebral edema could 

relieve the symptoms of intracranial hypertension, delay or block 

the development of the disease, and prevent the occurrence of 

cerebral hernia. Clinical data indicated that patients with 

radiation-induced brain edema could be effectively controlled by 

β-aescine sodium or mannitol and dexamethasone [88]. 

 

Radix Hedysari  
 

In γ-ray irradiated rat model, administration of Radix hedysari 

significantly increased SOD, but decreased MDA activity in the 

brain tissue. It suggests that Radix hedysari may serve as an 

antioxidant drug and be helpful for the recovery of radiation-

induced brain damage [89,90]. Radix hedysari capsule increased 

the wet weight of liver, spleen, brain, and testicular tissue of 

irradiated mice, suggesting that it has radioprotective effect [91]. 

 

Safflower  
 

12
C

6+
 irradiation induces cognitive dysfunction and impairment 

of the blood brain barrier, significantly decreased SOD, and 

increased MDA activity in the brain tissue. Hydroxysafflor 

yellow A, an ingredient of safflower, dose dependently improved 

cognitive dysfunction, protected the blood-brain barrier, 

increased SOD, and decreased MDA activity. It suggests that 

hydroxysafflor yellow A may have a radioprotective effect on 

radiation-induced brain injury [92]. 

 

Arnebiae Radix  
 

Shikonin, a bioactive ingredient of Arnebiae Radix, improved 
12

C
6+

 ion beam-induced brain injury by its modulating effects on 

the oxidative stress [93]. 

 

Ginkgo  
 

Ginkgo flavonoid, an extract from Ginkgo, prevented age-related 

spatial memory deficits in both animal study [94] and clinical 

trial [95]. After high dose irradiation, Ginkgo flavonoid could 

prevent the radiation-induced hippocampal injury [96]. 



Prime Archives in Medicine: 2
nd

 Edition 

14                                                                                www.videleaf.com 

Ginseng  
 

Panaxoside Rgl, a bioactive ingredient of Ginseng, reduced 

neuron apoptosis by controlling Cdk5 and played a protective 

role in radiation-induced hippocampal damage [97]. 

 

Kang-fu-ling  
 

Kang-fu-ling (KFL) is a polybotanical dietary supplement with 

antioxidant properties. KFL reversed high power microwave-

induced memory loss and the histopathological changes in 

hippocampus of rats. In addition, KFL displayed a protective 

effect against HPM-induced oxidative stress and activated the 

nuclear factor-E2-related factor 2 (Nrf2) and its target genes in 

the hippocampus of rats. The Nrf2-antioxidant response element 

(ARE) signaling pathway may be involved in the neuroprotective 

effects of KFL against HPM-induced oxidative stress. The 

dietary supplement KFL may therefore be a promising natural 

radioprotector [98]. 

 

Shenqi  
 

Shenqi Fuzheng Injection (SFI) was extracted from a number of 

medicinal herbs, such as Radix Codonopsis (root of Codonopsis 

pilosula) and Radix Astragali (root of Astragalus), and was 

approved by the State Food and Drug Administration of China in 

1999. Administration of SFI effectively attenuates irradiation-

induced brain injury via inhibition of the NF-κB signaling 

pathway and microglial activation [99]. 

 

978-1  
 

A TCM of destagnation and renal invigoration (978-1) was 

effective to prevent or treat the damage of learning and memory 

ability caused by irradiation in mice. It was able to prevent or 

treat radiation-induced subventricular cell damage by 

downregulation of p53 and C-jun expression and inhibition of 

apoptosis [100,101]. 
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The Molecular Mechanisms of Neuroprotective 

and Radioprotective Effect of TCM  
 

It has been well documented that radiation induces brain 

oxidative stress, microglial activation, acute and chronic 

inflammatory responses, apoptosis, autophagy, abnormal 

angiogenesis and neurogenesis, redistribution or imbalanced 

neurotransmitter and receptor systems, and downregulation of 

neural growth factors [102]. TCM may play roles in 

antioxidative stress and antiapoptosis. It could promote 

hippocampal neurogenesis, improve microcirculation, inhibit 

microglial activation and inflammation, and reduce TAU 

production (Table 2). 
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Table 2: Neuroprotection effect of TCM after radiation exposure.  

 

No. Herbs and plant 

extract 

Main acting constituents Test 

system 

Brain insults (radiation 

source, dose, dose rate) 

Effect Mechanism References 

1 Astragalus 

membranaceus 

Astragalus polysaccharides, 

Total saponins of Astragalus, etc. 

Rat, 

mouse, 

Human, 

cell 

60Co, 4.5Gy/min, 160-

170s, one time, 

single-dose X-rays 

exposure of 30 Gy 

Improve learning and memory, 

increase SOD activity, 

decrease MDA 

Scavenge oxygen free radicals, 

reduce nitric oxide production 

[68–75] 

2 Salvia miltiorrhiza Tanshinone, 

Cryptotanshinone, etc. 

Mouse, 

Rat, 

Human 

Varian-600, X-rays, 

22Gy 

Improve learning and memory Reduce lipid peroxide in brain 

tissue and inhibit the adhesion of 

endothelial cells factor 1 

expression 

[76–83] 

3 Ligusticum 

chuanxiong Hort 

Chuanxiongzine, Ligustilide, etc. Human Patients had a history of 

radiotherapy for head 

and neck cancer 

Reduce radiation 

encephalopathy 

Improve microcirculation, expand 

blood vessels, inhibit the 

generation of oxygen free radicals 

[84–86] 

4 Broomrape Ergosterin, 

Cistanche glycoside, etc. 

Mouse 5 Gy 60Co-γ Improve viability Scavenge oxygen free radicals, 

Strengthen immunity 

[87] 

5 Horse Chestnut P.E Aescine, etc. Human Patients had a history of 

radiotherapy for head 

cancer 

Prevent brain edema Stabilize endothelial cells, [88] 

6 Radix Hedysari Hedysarum polysaccharide, etc. Rat, 

Mouse 

2 Gy 60Co-γ Increase SOD activity, 

decrease MDA 

Reduce oxidative stress [89–91] 

7 safflower Carthamin, Safflow yellow, etc. Mouse 4 Gy 12C6+ Increase SOD activity, 

decrease MDA 

Reduce oxidative stress [92] 

8 Arnebiae Radix Shikonin, Acetylshikonin, etc. Mouse 12C6+ ion beam, dose 

rate of approximately 

0.5 Gy/min 

Improve the spatial memory 

deficits 

Reduce oxidative stress [93] 

9 Ginkgo Flavonoids, 

ginkgolides, etc. 

Rat 12MEV, 20 Gy Inhibition of brain cell edema Scavenge oxygen free radicals, 

apoptosis inhibition 

[94–96] 

10 Ginseng Ginsenoside, etc. Rat 30 Gy Protect the hippocampal 

neurons 

Inhibit apoptosis [97] 

11 Kang-fu-ling Total glucoside of Astragalus, 

total glucoside of Radix 

Paeoniae Rubra and Tanshinone 

Rat HPM at 30 mW cm 2 for 

15 min 

Improve spatial memory Modulate ROS formation and 

antioxidant enzymes. 

[98] 

12 Shenqi Codonopsis polysaccharides, 

Astragalus polysaccharides, etc. 

Mouse A single dose of cranial 

radiotherapy (CRT) with 

20Gy 

Improve the physical status, 

survival, and spatial learning, 

attenuate all the CRT-induced 

changes in the brain tissues. 

Inhibit NF-κB signaling pathway 

and microglial activation 

[99] 

13 Renal invigoration 

(978-1) 

Icariin, Lignin, etc. Mouse A single dose of 20 Gy Prevent impairment of learning 

and memory 

Inhibit apoptosis [100,101] 
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The roles of antioxidative stress and antiapoptosis of TCM have 

been well accepted. Morinda officinalis increases the activity of 

superoxide dismutase (SOD) and glutathione peroxidase (GSH-

Px) in the brain tissue of rats with acute cerebral ischemia and 

aging and reduce the content of lipid peroxide (LPO) [24, 26]. In 

the Lycium barbarum-treated aging mice induced by D-

galactose, the animal learning, memory, and brain AchE and 

SOD increased significantly, while brain MDA decreased 

obviously. Similar changes were also found in Lead poisoning 

mice [31,33]. Safflor increased SOD and GSH-Px, but decreased 

MDA in the cortical tissue of AD rats [35–38,92]. Epimedium 

improved animal learning and memory ability by increasing 

brain SOD, decreasing MDA and Ach E, and reducing the 

damage of hippocampal neurons by D-gal AlCl3 treatment [39]. 

In the AD model induced by the hippocampal injection of 

amyloid-β25~35, the brain SOD were decreased, but AchE and 

MDA were increased obviously leading to learning and memory 

impairment. Radix polygalae treatment increased SOD, reduced 

AchE and MDA, and improved learning and memory ability 

[41]. Similarly, Acrous tatrinouill shots [49, 51, 103], Polygona 

sibiricum [52], and Cynomorium songaricum Rupr [54–

56,104,105] also increased the brain SOD, reduced MDA, and 

improved the impairment of learning and memory, whereas 

Alpinia oxyphylla miq. fruit, Broomrape, and Astragalus 

membranaceus are antioxidative and antiapoptotic [57–75,87], 

and Salvia miltiorrhiza decreased the brain lipid peroxidase in 

AD rats [76,80,81]. Ligusticum chuanxiong Hort inhibited free 

radicals in hypoxia and reduced neuronal apoptosis [85]. In 
60

Co-

γ irradiated animals, Radix Hedysari treatment increased the 

brain superoxide dismutase activity but reduced maleic 

dialdehyde [89,90]. Other antioxidative stress and antiapoptosis 

TCM include Arnebiae Radix, Ginkgo, Ginseng, Kang-fu-ling, 

Shenqi, and Renal invigoration (978-1) [93–101]. 

 

TCM may also promote neurogenesis to prevent radiation-

induced cognitive impairment. Morinda officinalis and Lycium 

barbarum promoted neurogenesis in the subgranular zone of the 

dentate gyrus [29,32,34]. Morinda officinalis also increased the 

number of dendrites and their branches of the hippocampal 

neurons [29], whereas Lycium barbarum had inductive effect on 
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differentiation of bone marrow stromal cells (BMSCs) into 

neurons [32,34]. Epimedium significantly reduced senile plaques 

in the hippocampus and increased the number of BrdU+ cells in 

the dentate gyrus. Our previous study showed that epimedium 

extract prevented the loss of proliferation cells, newly generated 

neurons, and interneurons in the hilus, in particular, the 

subgranular zone of the dentate gyrus [40,106]. In vitro study 

showed that adding tenuigenin to the neural stem cell medium 

increased the number of newly formed neurospheres and 

promoted the differentiation of the hippocampal neural stem 

cells (NSCs) into neurons [44–46,48]. 

 

TCM improved radiation-induced inflammation and 

microcirculation changes. TMP reduced the expression of 

proinflammatory cytokines such as TNF-α and IL-8, which may 

also contribute to its cytoprotective effects [84]. Horse Chestnut 

P.E. improved microcirculation and stabilizing vascular 

endothelial cells and has been used to treat radiation-induced 

brain edema [88]. In rats with AB25-35 induced Alzheimer’s 

disease, Epimedium was used to improve spatial learning and 

memory by inhibiting TNF-a, IL-6, and caspase-3 expression 

[107]. Radix polygalae reduced the brain tau level, the 

phosphorylation of tau protein, and the expression of PKA, but 

increased the expression of PP2A in amyloid β peptide 1-40 

(Aβ1-40)-injected mice [43]. Salvia miltiorrhiza inhibited the 

radiation-induced senile plaques and neurofibrillary tangles in 

the mouse brain [77], whereas Shengqifuzheng effectively 

attenuated irradiation-induced brain injury by inhibiting NF-κB 

signaling pathway and microglial activation [99]. 

 

TCM may increase estrogen level and change the Ca
2+

 Na
+
 

function to protect brain injury. Acrous tatrinouill shots could 

reduce intracellular calcium concentration [50]. The oral 

administration of icariin increased serum estradiol(E_2) level 

and improved the learning and memory ability in AD rats [108]. 

Salvia miltiorrhiza increased ATPase activity and reduced Na+, 

Ca2+ in the hippocampus (CA1 area) and improved microwave 

radiation-induced brain damage [78] (refer to Figure 1). 
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Figure 1: Traditional Chinese Medicine (TCM) reduces radiation-induced 

microglial activation and production of inflammatory cytokines and 

chemokines to inhibit brain inflammation. TCMs increase the superoxide 

dismutase activity and decrease malondialdehyde and nitric oxide production to 

reduce oxidative stress. Upregulation of Bcl-2, downregulation of Bax-2, 

downregulation of p53 and c-jun expression, and increased ratio of Bcl-2/Bax 

by TCMs prevent radiation-induced apoptosis. TCMs may also increase brain-

derived neurotrophic factor (BNDF), tyrosine kinase receptor B (TrkB), and 

mitogen-activated protein kinases (MAPK) to promote neurogenesis and 

improve radiation-induced impairment of cognition. These drugs also enhance 

LTP, CREB, Na+ and Ca2+ pump function, increase estrogen levels, and reduce 

the entanglement of nerve fibers (Tau) to improve radiation-induced 

neurocognitive impairment. 

 

Limitation of TCM as Radio-Neuro-Protectants  
 

While it seems promising to use TCM as potential radio-neuro-

protectants, it should be emphasized that the ingredients of TCM 

are very complex and have not been fully identified and purified. 

Improper processing, dispensing, compatibility, excessive 

dosage, and individual differences may significantly affect 

clinical use of TCM [109]. As individual reponse to a same TCM 

may be different, it may compromise the usage of TCM for 

treatment of victims with massive radiation exposure. TCM 

Formulae with two or more herbs often produce better curative 

efficacies and fewer side effects than a single herb, but improper 

use may produce more harm than benefit [110]. Disbelief of 

TCM may also limit its use worldwidely. 
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Conclusions and Future Research Directions  
 

Extensive publications on neuroprotective and radioprotective 

effect of TCM suggest that TCM may be effective in prevention 

of radiation-induced glial cell activation and proliferation, 

neuroinflammation, oxidative stress, apoptosis, and 

neurodegeneration. TCM may also promote brain neurogenesis 

and improve radiation-induced impairment of cognition. 

However, different doses and combination of TCM, animal 

species, strains, ages, and sexes were used in different research 

laboratories in previous studies. The variations in radiation 

sources, doses/dose rates, and irradiation patterns (acute or 

fractionated) made it difficult to evaluate if the positive effect of 

TCM in one animal model or laboratory could be applied to 

other models or laboratories. The neuroprotective or 

radioprotective effect of TCM administered before irradiation 

may not be observed when TCM are injected after irradiation. 

The routes of TCM administration, i.e., oral or intraperitoneal 

injection, may also compromise the data translation. 

Furthermore, the purity of the components and composition of 

the compounds of TCM were not clearly mentioned in most of 

the previous studies which may limit its clinical use. 

 

TCM with radioprotective effect on the brain are far less 

investigated than on other organs. Further extensive studies in 

the following areas may still be needed: (1) Radiosensitivity 

varies significantly among different strains of animals. The 

effect of TCM may have to be tested in the same strain of 

animals for comparison in order to make solid conclusions. 

Animal age and sex should be chosen carefully as TCM effect 

may be age- and sex-dependent. (2) When animals are exposed 

to the same dose of radiation, radiation dose rate may affect 

radiosensitivity. Therefore, the same dose rate of radiation 

exposure should be used to compare TCM effect. The radiation 

source and component of radiation may also affect TCM effect. 

(3) The mechanism of high dose/dose rate radiation-induced 

brain damage may be different from low dose/dose rate 

radiation-induced injury. Comparative study of radioprotective 

effect of TCM in animals exposed to high and low doses of 

radiation exposures, in particular, the latter, may shed light on 
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further understanding the mechanisms of the two patterns of 

radiation-induced brain damage. 
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Public Interest Statement: Many individuals with mental 

health issues, such as depression, anxiety or bipolar disorder, 

smoke cigarettes and tend to smoke more than an average 

smoker. Smoking is known to cause cancer, heart disease and 

many other serious diseases. Because of that, helping individuals 

with mental health problems quit smoking will improve their 

overall health and help them live longer. Healthcare providers 

who serve these individuals can help them quit smoking by 

learning to deliver effective smoking cessations treatments 

which combine medications and counseling. This article 

describes a project developed to mentor and train mental health 

providers how to best help their patients quit smoking. The 

project was piloted among mental health providers in two 

community mental health centers, where it was well received and 

evaluated as useful. This project, when implemented in many 

community centers, has potential to help multiple mental health 

patients quit smoking and improve their health. 

 

Author Summary:  Project TEACH (Tobacco Education and 

Cessation in the Health System) is an initiative under the 

University of Texas MD Anderson Cancer Center’s (MDACC) 

EndTobacco,® which is focused on preventing and reducing 

cancer through evidence-based policies, prevention and cessation 

services outside the MDACC institution.  Other EndTobacco®  

initiatives include a) The University of Texas (UT) System 

Eliminate Tobacco Use in which UT academic and medical 

campuses come together to share best tobacco control practices 

for policy, prevention and treatment aimed at employees and 

patients; b) Tobacco 21, a campaign aimed at raising Texas’ 

minimum legal age for purchasing tobacco products to 21 years 

old, and; c) MDACC’s Certified Tobacco Treatment Training 
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Program, which provides intensive training in evidence-based 

tobacco treatment practices and tobacco treatment specialist 

certification to practitioners across the United States.  

Practitioners who complete this training are extended the 

opportunity to join weekly Project TEACH ECHO clinics, which 

provides an opportunity for sustained learning and knowledge 

transfer. 

 

Abstract  
 

Smoking prevalence among individuals with mental and 

behavioral health needs is considerably higher compared to the 

general population, but evidence-based smoking cessation 

therapies are underutilized in mental and behavioral healthcare 

settings, despite the fact that these treatments are both safe and 

effective. The goal of this paper is to present the background, 

design and pilot of Project TEACH developed to improve 

clinical practice by offering specialized training in the provision 

of smoking cessation interventions to care providers in 

community mental health centers in Texas. This is achieved 

through engaging the expertise of clinicians at the MD Anderson 

Cancer Center’s Tobacco Treatment Program and disseminating 

this expertise to care providers by means of a novel tele-

mentoring approach called Project ECHO (Extension for 

Community Healthcare Outcomes). Evaluation of our pilot 

ECHO training project demonstrated that the training was very 

well received and resulted in self-reported enhancement of the 

providers’ professional practice. This is the first project to extend 

the collaborative ECHO model to train healthcare providers in 

smoking cessation.  This approach has potential to reduce 

smoking rates among smokers with mental and behavioral health 

needs, and consequently contribute to the prevention of cancer 

and other chronic diseases in this vulnerable population. 
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Introduction  
 

The goal of this paper is to present the background, design and 

pilot of a project developed to improve clinical practice related 

to smoking cessation in community mental and behavioral 

healthcare settings. Since the peak of smoking around the middle 

of the 20th century, smoking prevalence in the United Stated has 

been declining and reached 15.1% in 2015 [1], while the 

smoking rate in Texas, which is the site of the project to be 

presented, is 15.9% [2]. Because smoking accounts for the 

overwhelming majority of all tobacco use [3], ―smoking‖ and 

―tobacco use‖ will be used interchangeably hereafter. Smoking 

rates, while declining, are not distributed evenly across different 

population subgroups and are increasingly concentrated among 

vulnerable and underserved populations [1]. Of particular 

concern is the population with mental illness, whose average 

smoking prevalence rates have been estimated to be 36.1% 

nationally and 33.9% in Texas, in the 17.3% of the state’s 

population that suffer from a diagnosable mental disorder [4]. 

Alarmingly, smoking rates increase with severity of mental 

illness and may be as high as 64-79% among individuals with 

serious mental illness (SMI), defined as a mental, behavioral or 

emotional disorder that meets diagnostic criteria specified in the 

Diagnostic and Statistical Manual and results in serious 

functional impairment [5-8]. Persons with mental illness also 

smoke more cigarettes per day than those without mental 

disorders [7] and suffer from disproportionate smoking-related 

health consequences, including cancer incidence and mortality, 

mirroring their elevated smoking rates and higher cigarette 

consumption [9-12]. Consequently, individuals with mental 

illness, especially those with SMI, can benefit from smoking 

cessation even more than smokers without comorbidities.   

 

Evidence-based smoking cessation therapies are available. The 

2008 Treating Tobacco Dependence Clinical Practice Guideline 

[13] recommends that all smokers, including those with 

comorbid psychiatric disorders, be offered treatment for tobacco 

use and dependence. The 5A’s counseling model recommended 

by the Guideline applies to this population as well and all 

clinicians who treat individuals with mental and behavioral 
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healthcare needs are encouraged to Ask the patient if he/she uses 

tobacco, Advise that he/she quit, Assess his/her willingness to 

quit, Assist in making a quit attempt and Arrange a follow-up 

[13]. Smoking cessation treatments have been proven to be both 

effective and safe among individuals with mental illness [5,14]. 

However, the relationship between tobacco dependence and 

psychiatric disorders is complex [15]. The high co-occurrence 

between the two may be explained, in part, by a genetic 

vulnerability to addiction and mental illness [16], and by the 

hypothesized self-medication to alleviate psychiatric symptoms 

or to relieve adverse side-effects of psychotropic medications 

[5,15]. Given this complexity as well as the significantly higher 

levels of tobacco dependence in this population, tobacco use 

treatment for smokers with mental illness, especially SMI, may 

necessitate more intensive and individualized pharmacological 

and behavioral treatment approaches [14]. Smokers with mental 

illness may require higher doses of smoking cessation 

medications, combined therapies and longer duration of 

treatments [5,6,13]. Since nicotine influences multiple 

neurochemical processes as well as metabolism of psychiatric 

medications [15,17], medication side effects, blood levels, and 

symptoms of mental illness need to be monitored closely during 

smoking cessation so medication dosage can be adjusted 

accordingly [13]. With that in mind, it is important to note the 

lack of evidence for exacerbation of psychiatric symptoms 

during the course of smoking cessation, which also holds true for 

patients with SMI [5,6,8,14,16]. 

 

Despite availability, effectiveness and safety of smoking 

cessation treatments for smokers with mental illness, along with 

evidence that these patients, including ones with SMI, are both 

motivated and able to quit successfully [5,14,18], the treatment 

for tobacco use and dependence is generally neglected in mental 

and behavioral healthcare settings [19-21]. A survey of clinicians 

in nine community mental health centers revealed that the 

majority did not ask their patients about smoking, less than a 

third advised or assisted with smoking cessation, and very few 

referred identified smokers to a telephone quitline  [20]. Further, 

results of a large survey of healthcare providers [22] indicated 

that psychiatrists were considerably less likely to participate in 
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smoking cessation practices related to the 5A’s compared to 

primary care specialties (family, internal and ObGyn). 

 

There are both actual and perceived barriers to the delivery of 

smoking cessation treatment by mental health providers (i.e., 

psychiatrists, advanced-level providers, nurses, and counselors). 

First, considering the complex association between tobacco 

dependence and psychiatric disorders, many clinical providers 

who work in mental and behavioral healthcare settings lack the 

necessary training and experience in smoking assessment and 

cessation interventions for their target population [14,20,22]. 

Consequently, these providers report low levels of confidence in 

their ability to counsel and help smokers to quit [20]. Second, 

many mental health providers hold certain assumptions about 

patients who smoke and about smoking cessation that hinder the 

delivery of treatment in this population. Among such barriers, 

the most strongly endorsed is the perceived lack of patient 

interest in smoking cessation [14,19,20], a notion which research 

disproved [5,14,18].  

 

Some mental health providers also believe that patients have 

more immediate diagnostic problems to address and that 

cessation efforts will worsen patients’ psychiatric symptoms 

[20,22]. The latter view is not supported by evidence, either 

[5,6,8,14,15]. Finally, all of the barriers mentioned above are 

exacerbated by other competing practice priorities, perceived or 

actual lack of time to address smoking cessation, low availability 

or lack of knowledge of resources for referral, and issues 

surrounding cost and insurance coverage of smoking cessation 

treatment [14,20,22].  A majority of these barriers can be 

overcome through training and education [14,19,20].  

 

The goal and objectives of the current project endeavor to 

address the problem of insufficient treatment of tobacco use and 

dependence in mental and behavioral healthcare settings. The 

goal of the project is to improve clinical practice in this area 

through developing and providing specialized training in 

intensive and personalized interventions for smokers with mental 

illness to mental health providers in Local Mental Health 
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Authorities (LMHAs) in Texas. Specific objectives of the project 

are detailed below. 

 

Community-Based Mental Healthcare in Texas  
 

A large proportion of mentally ill individuals in Texas are treated 

in community mental health centers called LMHAs. These 

LMHAs provide services under the auspices of the Texas 

Department of State Health Services (TDSHS) to patients with 

SMI in a specific geographic area referred to as the local service 

area [23,24]. There are 39 LMHAs in Texas that have oversight 

of more than 680 individual treatment clinics throughout the 

state and provide services to almost 500,000 patients per year. 

As such, the LMHAs and the associated clinics represent an 

ideal setting in which to intervene with Texans who have mental 

and behavioral healthcare needs to reduce their tobacco use. 

Results from two surveys administered to the LMHAs indicated 

that smoking status was rarely assessed in these clinics and 

smoking cessation interventions were seldom incorporated into 

the treatment plan.  

 

Taking Texas Tobacco Free  
 

The opportunity to promote tobacco cessation within LMHAs 

was pursued by state policymakers and TDSHS mandated that 

all LMHA clinics in Texas become tobacco-free campuses. At 

the same time, one of the LMHAs, the Austin Travis County 

Integral Care (ATCIC) developed a comprehensive educational 

and treatment-focused plan that was implemented to reduce 

smoking among patients. The program had a dramatic impact on 

beliefs and practice behaviors at ATCIC, with 81.6% of 

employees feeling adequately trained for the implementation of 

the tobacco-free campus policy and 46.4% patients screened for 

smoking status receiving cessation advice and taking concrete 

steps to quit. To capitalize on this success and to disseminate 

ATCIC’s program to other LMHAs, two co-authors of the 

present paper, Drs. Lorraine Reitzel and Cho Lam, in 

collaboration with ATCIC, implemented a program called 

Taking Texas Tobacco Free (TTTF): Expanding the Integral 
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Care Campus and Community Model into a Statewide Cancer 

Prevention Program.  

 

The overarching goal of TTTF was to disseminate and 

implement a comprehensive tobacco-free workplace program to 

select LMHAs across Texas [25]. Specifically, TTTF set out to 

provide assistance to LMHAs with implementation of the 

tobacco-free policy, educate LMHAs’ employees about the 

hazards of smoking, and increase the frequency of smoking 

assessments of all patients as well as the delivery of basic 

smoking cessation advice and brief interventions to LMHAs’ 

patients who smoke. To date, TTTF has assisted with the 

implementation of the tobacco-free policy and the integration of 

smoking assessment and cessation into clinical practice across 19 

LMHAs. However, considering the complexity of the association 

of smoking and smoking cessation with mental illness, the 

LMHA providers were in need of on-going training in more 

intensive and personalized approaches that are essential to assist 

patients with mental illness who smoke. From this need came the 

idea of the current project. 

 

Project TEACH  
 

In 2014, faculty members at MD Anderson Cancer Center (MD 

Anderson) at Houston, Texas, Drs. Paul Cinciripini and Janice 

Blalock, in collaboration with Dr. Maher Karam-Hage and 

partners at Rice University, the University of Houston and 

ATCIC, obtained funding from the MD Anderson Moon Shot 

Program to develop Project TEACH:  Tobacco Education and 

Cessation in the Health System. The goal of Project TEACH, to 

offer specialized smoking cessation training to LMHA providers, 

is realized through the following objectives: (1) to increase 

LMHA providers’ knowledge and self-efficacy to treat smoking 

cessation, especially with regards to complex, specialized 

treatments tailored for the individual needs of smokers with 

mental illness; (2) to improve LMHA providers’ practice 

behaviors with regards to the full spectrum of the recommended 

evidence-based smoking cessation practices (the 5A’s; [13]), and 

(3) to increase the proportion of LMHAs’ patients who succeed 

in abstaining from smoking. It is important to note that Project 
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TEACH, including the pilot described below, is a quality 

improvement project approved by the MD Anderson Quality 

Improvement Assessment Board. It does not require Institutional 

Review Board approval, because it is not intended as 

hypotheses-testing research and does not contribute to 

generalizable knowledge. It can collect relevant data 

anonymously and report it only in aggregate as it pertains to the 

entire project and its pilot. 

 

Project TEACH operates with oversight from two components of 

the MD Anderson Moon Shot Program, the Lung Moon Shot and 

the Cancer Prevention and Control Platform. There are two 

pillars which support Project TEACH: the MD Anderson 

Tobacco Treatment Program and Project ECHO. The former 

provides the science-based knowledge and clinical expertise for 

the development and delivery of the specialized smoking 

cessation training and the latter provides a collaborative model 

and framework for the delivery of the training.  

 

MD Anderson’s Tobacco Treatment Program (TTP) was 

established in 2006 with the mission to provide free of charge, 

comprehensive , individually tailored tobacco cessation support 

to cancer patients, employees, and their families who self-report 

as current tobacco users or recent quitters [26]. The TTP is 

staffed by a clinical team including an addiction psychiatrist, a 

clinical psychologist, two physician assistants, a nurse, and four 

smoking cessation counselors. The program provides a range of 

services. The standard course of treatment consists of an 

intensive, 12-week, individualized behavioral and 

pharmacological intervention which offers evidence-based 

counseling (e.g., motivational interviewing) and 

pharmacotherapies (e.g., nicotine replacement therapy (NRT), 

varenicline, and bupropion) to assist in smoking cessation and to 

treat patients’ psychiatric comorbidity. In 2013, 40% of cancer 

patients treated by the TTP met criteria for current psychiatric 

diagnoses. The TTP has been very successful in helping this 

difficult group of patients to quit smoking. For example, in 2013, 

the program helped 48.4% of the patients with none or one 

comorbid psychiatric disorder and 41.5% of the patients with 

two comorbid psychiatric disorders to achieve and maintain 
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abstinence at the nine month follow-up point. Therefore, the TTP 

is uniquely positioned to provide support for the development 

and delivery of the specialized tobacco treatment training for 

mental health providers in LMHAs. Project TEACH draws on 

the vast expertise of the TTP clinical team including the use of 

advanced pharmacotherapies techniques for treating comorbid 

tobacco dependence and psychiatric disorders, and expertise in 

behavioral counseling for smoking cessation. This expertise is 

shared with the LMHAs’ mental health providers by means of a 

novel tele-mentoring approach called Project ECHO. 

 

Project ECHO  
 

The Extension for Community Healthcare Outcomes (ECHO) 

model was developed by Dr. Sanjeev Arora at the Health 

Sciences Center at the University of New Mexico to improve 

access to complex chronic disease and specialty care in rural and 

underserved communities [27].  

 

First piloted for the treatment of hepatitis C virus, Project ECHO 

is now applied to a variety of chronic, complex diseases and 

allows academic medical centers to share the specialized 

knowledge and skills with community-based healthcare 

providers. ECHO training consists of a series of web-based 

ECHO meetings which rely on tele-health technology for 

participation and combine didactic presentations by specialty 

clinicians, case presentations by community-based clinicians and 

expert-facilitated discussion of the cases [27]. Healthcare 

providers in the community learn about best practices and 

treatment for complex diseases through the ―one-to-many‖ tele-

mentoring approach in which an academic expert shares 

specialized knowledge with local providers and the ―many-to-

many‖ co-learning approach where local providers learn from 

each other’s experience. This model is very different both from 

traditional didactic training and from traditional telemedicine 

where the specialist assumes the care of the patient [27]. 

 

Project ECHO lends itself exceptionally well to the 

dissemination of evidence-based best practices for the treatment 

of tobacco use and dependence among individuals with mental 
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illness. As mentioned earlier, community-based mental health 

providers may not be familiar with the individualized approaches 

needed to treat smoking cessation among smokers with SMI. 

Optimal treatment and management of smoking cessation in this 

patient population is achieved through consultation with 

specialists from several areas including addiction psychiatry, 

clinical psychology, and nursing. Such consultation would be 

costly and logistically difficult to deliver using traditional means, 

but the innovative ECHO model provides this ongoing 

relationship in an easy, accessible way.  

 

ECHO Training with Project TEACH  
 

To our knowledge, Project TEACH is the first to extend the 

ECHO model to train providers in smoking cessation. Under 

Project TEACH, clinical staff at MD Anderson offers specialized 

training to LMHAs’ providers using the ECHO tele-mentoring 

approach which consists of a series of ECHO meetings. The 

training is free of charge to the clinics and convenient, as it uses 

video-teleconferencing technology and does not require travel. 

Participants can join ECHO meetings from their own office or 

from anywhere else by a computer, telephone or other mobile 

device. The training is approved for credits in Continuing 

Medical Education (CME) and Continuing Nursing Education 

(CNE) as well as for Continuing Education Units (CEU) for 

licensed non-medical personnel.  

 

ECHO Meetings  
 

Each of a series of ECHO meetings starts with a brief didactic 

presentation on a specific topic presented by one of the TTP 

clinicians who is an expert in the content area. Next, one of the 

LMHA clinicians presents a tobacco-related case of his or her 

choice. The case is then discussed by other LMHA providers and 

project team members in attendance, and the discussion is 

facilitated by an MD Anderson clinician. Thus, ECHO training 

with Project TEACH creates an opportunity for LMHA 

providers to develop both content knowledge by means of 

traditional didactic learning from content experts and self-

efficacy through expert-facilitated, case-based learning from 
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other LMHA providers in similar settings. Case-based discussion 

with peers provides a forum for professional growth and 

facilitates sharing tobacco cessation experiences across the 

participating LMHAs.  

 

Each ECHO meeting lasts one hour and is delivered from an MD 

Anderson teleconferencing facility. Participants join via Zoom 

video/web conferencing. The invitees include MD Anderson 

clinicians, collaborators of Project TEACH, and LMHA 

clinicians including physicians, physician assistants, advance 

practice nurses, registered and licensed vocational nurses, 

licensed counselors, qualified mental health providers, certified 

peer specialists and providers of other specialties. Each meeting 

is initiated by an MD Anderson ECHO representative who reads 

the introduction and the presenter conflict of interest disclaimer. 

The meetings are recorded and available for viewing from the 

Project TEACH website.  

 

Didactic Curriculum  
 

The MD Anderson clinicians at TTP developed a series of 35 

presentations for the didactic curriculum. The topics are listed in 

Table 1 and are grouped into two categories: Medical and 

Counseling. This arbitrary grouping is based on the focus of each 

presentation, which may be more  

 

appropriate and interesting for the medical personnel including 

physicians, physician assistants and nurses (e.g., smoking 

cessation medications and their side effects) versus non-medical 

personnel such as licensed counselors or qualified mental health 

providers (e.g., motivational interviewing). The Medical and 

Counseling topics are meant to be presented in alternating order; 

however, both categories of LMHAs providers are encouraged to 

attend all presentations. The presentations are prepared in 

PowerPoint and last approximately 15-20 minutes.  Each 

presentation is tailored to smokers with mental illness, including 

SMI, and the providers who serve them. Importantly, the 

presentations address known barriers to the delivery of smoking 

cessation treatment in mental health settings.  
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Table 1: Summary of didactic presentations created for ECHO training with 

Project TEACH 

 

Medical Didactic Presentations 

1 Neurobiology of Nicotine Dependence 

2 Selecting the Optimal Tobacco Cessation Medication 

3 Overview of First-Line Tobacco Cessation Medication 

4 Common Beliefs About Smoking Cessation in Psychiatric Patients 

5 E-cigarettes: What are They and Their Impact on Mental Health? 

6 Varenicline (Chantix): The Evolving Understanding of its Psychiatric and 

Cardiovascular Effects 

7 Tobacco Control Among Youth: Emphasis on Mental Disorders 

8 First Line Smoking Cessation Medications: Recognizing and Managing Side 

Effects 

9 Cardiovascular and Psychiatric Adverse Events Associated with NRT and 

Bupropion 

10 Pathways for Treating Tobacco Use in the Clinic 

11 Benefits of Quitting Tobacco 

12 Addressing Tobacco Treatment for Pregnant Women 

13 Tobacco Treatment with People Receiving Substance Abuse Treatment 

14 Ethics 

15 Tobacco Cessation Among People with Schizophrenia and Bipolar Disorder 

16 Tobacco Cessation Among People with Depression 

Counseling Didactic Presentations 

17 Intake Assessment 

18 Introduction to the Importance of Tobacco Cessation in Psychiatric Patients 

19 Motivational Interviewing: A Brief Overview 

20 Motivational Interviewing : A Brief Overview Part 2 

21 Motivational Interviewing: A Brief Overview Part 3  – Open-Ended 

Questions 

22 Managing Anxiety Associated with Withdrawal 

23 Motivational Interviewing: A Brief Overview Part 4  – Affirmations 

24 Motivational Interviewing: A Brief Overview Part 5  – Reflections 

25 Motivational Interviewing: A Brief Overview Part 6  – Summaries 

26 Motivational Interviewing: A Brief Overview Part 7 - Four Oars: Putting it 

Together 

27 Motivational Interviewing: A Brief Overview Part 8 - Internal vs. External 

Motivation and the Rulers - Skills for Use in MI 

28 Motivational Interviewing: A Brief Overview Part 9 - Change Talk vs. 

Sustain Talk 

29 Interdisciplinary Coordination of Medication Management 

30 Behavioral Strategies in Tobacco Treatment: Stages of Change 

31 Coping Strategies for Tobacco Cessation Part I 

32 Coping Strategies for Tobacco Cessation Part II 

33 Behavioral Strategies in Tobacco Treatment: Identifying triggers 

34 Relapse Prevention for Tobacco Cessation 

35 Group Counseling 
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Case Presentations and Discussion  
 

Before each ECHO meeting, MD Anderson staff solicits cases to 

be presented by participating LMHA providers. There is time to 

present and discuss one or two cases per ECHO meeting. Based 

on the pilot described below, a typical case features a middle-

aged male or female smoker or recent quitter with several mental 

health diagnoses including SMI and comorbid or past addictions 

(usually alcohol). These disorders typically occur in the context 

of serious problems related to unemployment, unstable housing, 

abusive relationships, poor general health and/or lack of health 

insurance. Regarding the smoking status, the patient may be 

unmotivated to quit, going through unsuccessful quit attempts or 

struggling to maintain abstinence. Discussion following case 

presentation is moderated by one of the TTP clinicians, with 

content experts and other LMHAs’ providers contributing to the 

discussion.  

 

Project TEACH Evaluation  
 

The plan to evaluate outcomes of Project TEACH draws from 

expertise in evaluation of other healthcare ECHO programs [27] 

as well as evaluation of community-based tobacco programs 

including tobacco-related training for healthcare providers 

[28,29]. Outcomes include (1) provider participation in ECHO 

training (number of sites, meetings and providers attending the 

meetings), (2) provider knowledge, self-efficacy and self-

reported practice behaviors related to the 5 A’s of tobacco 

counseling, (3) provider feedback and experience  with 

participation in the ECHO meetings, and (4) provider and patient 

tobacco-related outcomes based on the medical record. 

Outcomes (2) and (3) are assessed by means of a provider survey 

developed by the Evaluation Subcommittee of Project TEACH 

and based on best practices in evaluation of ECHO and tobacco 

programs [27-29]. Outcomes (2) and (4) are planned to be 

assessed at baseline, while all four categories of outcomes will 

be assessed 6 months after the completion of ECHO training.  
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Project TEACH Pilot  
 

The goal of Project TEACH pilot was to conduct a small-scale 

test of the overall program.    

 

The objectives were to (1) test the program and its evaluation 

survey at two community centers,  (2) collect and summarize 

descriptive data on participating providers’ self-reported relevant 

knowledge, practice behaviors, experiences with and opinions 

about the program, and (3) apply the data to the improvement of 

Project TEACH before the full-scale implementation. This pilot 

is a descriptive quality improvement project rather than a 

research study, because it is not hypothesis-driven and is not 

intended to contribute to generalizable knowledge.  

 

Project TEACH completed a pilot project at two community 

centers, ATCIC and Spindletop Center.  During the pilot ECHO 

training, 16 ECHO meetings were offered with presentation 

topics # 1-7 and 11-20 (Table 1). Meetings occurred weekly 

between April 27, 2015 and July 13, 2015, and biweekly from 

September 15, 2015 to December 1, 2015 with a break in August 

2015, during which the interim pilot survey for providers was 

administered. Twenty three LMHAs providers attended at least 

one meeting of Project TEACH pilot ECHO (Table 2) and 

brought a total of 12 de-identified cases to the ECHO meetings.  

 

The pilot has been followed by refinement of the evaluation 

strategy, development of additional didactic presentation and 

relationship building as part of the recruitment of LMHA clinics 

into the main phase of the project which focuses on the provision 

of ECHO training with Project TEACH to the 19 LMHAs that 

participated in the TTTF project. For relationship building, 

Project TEACH relies on the experience of ATCIC team which 

has developed and maintained excellent relationships with 

leadership and staff of all LMHAs. 
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Table 2: Sample of LMHA providers participating in ECHO meetings and 

receiving Project TEACH pilot survey  

 
Provider Type and Related Data Number (Percent) 

Medical Prescriber (Physician, Physician Assistant, 

Advanced Practice Nurse) 

5 (22%) 

Nurse (Licensed Vocational Nurse, Registered 

Nurse) 

7 (30%) 

Licensed Counselor (Licensed Professional 

Counselor, Licensed Clinical Social Worker, 

Licensed Marriage and Family Therapist) 

5 (22%) 

Certified Peer Specialist 

 

2 (8.7%) 

Clinical Administrator 2 (8.7%) 

Other (Chief Medical Officer, Forensic Program 

Supervisor) 

2 (8.7%) 

Total  23 (100%) 

Responded to Pilot Survey  22 (96%) 

 

Pilot Survey Results  
 

The interim pilot survey was created in Research Electronic Data 

Capture (REDCap), a web-based application for building and 

managing online surveys. It was sent to 23 LMHA providers 

who had participated in ECHO meetings as of August 2015 

(Table 2). Twenty two providers responded to the survey (96% 

response rate), although the number of respondents to individual 

survey questions varied. The survey was anonymous and did not 

include any unique participant identifiers. According to the 

survey, 77% of respondents had received previous tobacco 

training. Not surprisingly, all respondents reported moderate or 

high ability and confidence to address tobacco use and 

dependence among their patients who smoke, although 7% 

reported low intention to do so. The majority of the knowledge 

questions yielded between 69%-85% correct answers, and 54% 

of respondents reported that only up to one fourth of the 

knowledge presented during the pilot ECHO training was new to 

them. Almost 60% believed that the training enhanced at least 

one aspect of their professional practice, such as knowledge, 

competence, performance, patient outcomes or their professional 

satisfaction, and 77% agreed or strongly agreed that the overall 

content, organization and quality of the program were 

satisfactory. 
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Sixty two percent of respondents reported not having cases to 

present, but an overwhelming majority (92%) felt that they 

learned from others who presented or discussed cases during 

ECHO meetings, thus supporting the importance and value of 

co-learning as part of ECHO training. Similarly, all respondents 

agreed that the didactic presentations added to their knowledge 

of how to treat tobacco use and dependence among their patients, 

with 77% endorsing the statement that the didactics provided 

enhanced knowledge always or most of the time. In response to 

the important question whether they intended to make changes or 

apply learning to their practice as a result of the program, 17%  

of the participating providers reported already practicing the 

recommendations, 58% expressed that they plan to make 

changes, but 25% were not sure and were only considering 

changes. No one reported not planning to make any changes. 

Responses to questions about practice behaviors related to the 

5A’s were not analyzed due to the fact that some respondents 

entered verbal instead of numeric responses, which interfered 

with data extraction from REDCap software. This has been 

resolved for subsequent surveys by designing coded multiple 

choice response options for these important outcomes.   

 

The survey generated 21 qualitative comments. Six comments 

(29%) described practice changes that the respondents intended 

to make (e.g., incorporate Motivational Interviewing techniques, 

allow more time for delivering tobacco cessation education to 

smokers during clinic visits), 6 (29%) recommended changes to 

the program to make it more useful (e.g., more case studies, 

more didactics), 6 (29%) suggested topics for future 

presentations (e.g., resistance to cessation, more information 

about e-cigarettes), and 3 (13%) were general comments (e.g., 

program well organized, new knowledge appreciated).  

 

Overall, this was a highly motivated sample of providers, with 

the majority well versed in the tobacco-related topics. This was 

most likely a reflection of high participation of tobacco 

specialists already trained in smoking cessation.  
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Barriers and Next Steps  
 

Project TEACH subsequently offered ECHO training to other 

LMHAs in 2016 and 2017. Based on the pilot data, several 

barriers were identified prior to the full-scale implementation of 

Project TEACH. How these barriers have been addressed will be 

described in a separate paper (in preparation). Among the 

barriers, participation of medical prescribers in Project TEACH 

pilot ECHO training was not optimal. This may have been due in 

part to LMHAs investing in tobacco specialists who are 

exclusively dedicated to counseling smokers. This model may 

reinforce the perception among the medical personnel that 

smoking cessation among their patients can be addressed without 

their participation. However, the main issue related to 

participation by medical personnel is the heavy load of clinical 

work. As one of the survey respondents put it, ―clinicians should 

have dedicated time to attend‖ the ECHO training. This cannot 

possibly happen without buy-in and support from the leadership 

of LMHA clinics. 

 

An important barrier to effective tobacco cessation treatment was 

the need to provide NRT and other smoking cessation 

medications to LMHA patients free of charge as the majority 

have limited or no insurance coverage. The TTTF project 

provided NRT free of charge to participating LMHAs, but the 

supply was quickly exhausted at numerous clinics.  

 

Another set of barriers identified in the pilot was related to 

evaluation data collection. Evaluation objectives included 

collecting data on patient smoking abstinence outcomes via the 

medical record. However, a closer examination by Project 

TEACH Evaluation Workgroup revealed some obstacles. While 

most LMHAs do assess tobacco use among their patients, they 

each have their own medical record and their tobacco use 

assessment forms may differ, resulting in differences in data 

obtained from different LMHAs. Also, extraction of any data 

from the medical record would impose excessive burden on staff 

in the clinics. In working with community partners in real-life 

settings, their primary mandate, which in this case is service to 

their patients, always comes first and any objectives of a 
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collaborative project that are not feasible in this context need to 

be revised. As a result, plans to collect medical record data were 

deferred, to be revisited if any of the proposed measures are 

feasible to collect in any of the participating clinics. 

 

Summary  
 

The importance of Project TEACH lies in the dissemination and 

implementation of evidence-based clinical practice for smoking 

cessation which had already been researched elsewhere and 

proven to be effective. Dissemination and implementation of this 

practice among healthcare providers who serve persons with 

mental and behavioral healthcare needs helps alleviate the 

disproportionate burden of smoking and the resulting diseases in 

this population. Project TEACH partners with mental health 

community centers to build new and sustainable capacities, 

which will help the clinical providers to better serve their 

patients who smoke by becoming better skilled in smoking 

cessation intervention. Results of Project TEACH pilot survey 

conducted in two community centers confirmed usefulness and 

acceptability of the program. By equipping healthcare providers 

with specialized knowledge and self-efficacy to use tailored 

smoking cessation treatments with their patients, Project TEACH 

intends to reduce smoking prevalence among Texans with 

mental and behavioral healthcare needs and ultimately prevent 

cancer and other chronic diseases in this vulnerable population. 
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Abstract  
 
Background/Aims. Products of Lepidium meyenii Walp. (maca) 

are touted worldwide as an alimentary supplement to enhance 

fertility and restore hormonal balance. Enhancing properties of 

maca on semen parameters in animals were previously reported 

by various authors, but we present to the best of our knowledge 

the first double-blind, randomized, placebo-controlled pilot trial 

in men. The aim of this study was to evaluate the effects of maca 

on semen parameters and serum hormone levels in healthy adult 

men. Methods. A group of 20 volunteers aged 20–40 years was 

supplied by milled hypocotyl of maca or placebo (1.75 g/day) for 

12 weeks. Negative controls of semen were compared to the 

samples after 6 and 12 weeks of maca administration; negative 

blood controls were compared to the samples after 12 weeks of 

treatment. Results. Sperm concentration and motility showed 
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rising trends compared to placebo even though levels of 

hormones did not change significantly after 12 weeks of trial. 

Conclusion. Our results indicate that maca possesses fertility 

enhancing properties in men. As long as men prefer to use 

alimentary supplement to enhance fertility rather than prescribed 

medication or any medical intervention, it is worth continuing to 

assess its possible benefits. 
 

Introduction  
 

The infertility caused by impaired spermatogenesis and semen 

parameters is a public health problem which has become an issue 

of great concern. As long as current therapeutic management is 

often associated with side effects and no significant efficacy [1], 

need of an alternative treatment arises. For this purpose, plants 

with an ethnopharmacological reputation have been widely 

investigated for the identification of their possible biological 

activities [2–5] or for the treatment of several ailments [6–8]. 

Lepidium meyenii Walp. from the Brassicaceae family may be 

applied. This Andean bulbous crop called maca has been used 

for centuries by native inhabitants to boost overall vitality and 

treat infertility in humans and domestic animals [9]. Even today, 

maca products attract widespread interest for its claimed fertility 

enhancing properties in both male and female. In fact it was 

recently demonstrated that maca root may alleviate SSRI-

induced sexual dysfunction in postmenopausal women [8]. Maca 

was reported to enhance sexual desire [10,11] and improved mild 

erectile dysfunction [12] in men. Its semen quality improving 

properties have been reported by various studies in animals: 

mice [13], bulls [14], and rams [15]; but convincing scientific 

evidence for its efficacy on semen in men is still lacking. 

According to the observed biological activities of its lipid 

fraction [16], studies regarding maca have focused on a group of 

unique nonpolar, long-chain fatty acid n-benzylamides called 

macamides, which are considered as chemotaxonomic markers 

used to assess its quality [17]. Nevertheless, the mechanism of its 

enhancing properties has not yet been fully discovered. 
 

Twenty apparently healthy men were treated with maca or 

placebo for 12 weeks in order to evaluate its effect on semen 
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parameters and serum hormone levels. In particular we have 

monitored five reproductive hormones (luteinizing hormone, 

follicle-stimulating hormone, prolactin, estradiol, and 

testosterone), two thyroid hormones (free thyroxin and thyroid-

stimulating hormone), and semen parameters (total sperm count, 

sperm concentration, morphology, and motile sperm count) to 

evidence the effects of maca supplement on the mentioned 

parameters. As recommended by previous studies [17–19] 

macamides content was quantified by High-Pressure Liquid 

Chromatography with UV Detector (HPLC-UV). 
 

Material and Methods  
Subjects  
 

Twenty healthy men of 20–40 years were included in the study. 

They were nonsmokers and at least 3 months before and during 

the study did not use hormonal treatment, anabolics, or any 

medical substances which could change their serum hormone 

levels. All the participants signed agreements to be involved in 

the study after being informed of its purpose, possible benefits, 

and risks and approval from an independent Ethics Committee 

was obtained. 
 

Using a prospective, randomized, placebo-controlled, double-

blind design [20], 20 patients were randomly assigned into the 

trial group (11 patients) and the control group (9 patients). Group 

assignment for all subjects was determined using a random table 

prior to initiation of the study. The sequence of assignments was 

unknown to any of the investigators. Each assignment was kept 

in a sealed envelope, and the order in numeric number was 

shown on the outside of the envelope. Thus, the orders could not 

be changed. Envelopes were arranged in order. The principal 

investigator generated this random selection a few months before 

recruiting the first subject. No significant differences in age, 

physical condition, and clinical stage of disease between the two 

groups were found. 
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Maca and Placebo  
 

Gelatinized and powdered maca was provided by the Peruvian 

company Andean Roots SRL and delivered to the Czech 

Republic in 2012. The plant material, yellow type of maca, was 

harvested in the Cerro de Pasco region of the central Peruvian 

Andes at the altitude between 4200 and 4500 meters above sea 

level. During the gelatinization, original dried hypocotyls of 

maca were rehydrated and exposed to short-term elevated 

pressure under moist conditions. This standard process of sample 

preparation decomposed the starch component and increased the 

digestibility of the product; after gelatinization the sample was 

dried again to less than 7% humidity. The content of the six most 

abundant macamides, the quality markers of maca, was analyzed 

in gelatinized sample by HPLC-UV following the methodology 

previously described [18,19]. A placebo was selected on the 

basis of color and taste similarity to maca powder; milled apple 

fiber (Country Life) and sucrose (Cukrovar Vrbatky a.s.) were 

used in the ratio 3 : 2. 
 

Design of Experiment  
 

To evaluate the effect of maca, this pilot study was designed as a 

12-week, double-blind, placebo-controlled, randomized, parallel 

trial in which active treatment by gelatinized maca was 

compared to a placebo. Twenty men were randomly divided as 

previously described. Powder was dosed into the gelatin 

enterosolvent capsules, each of which contained 350 mg; the 

daily dose was five capsules, equal to 1.75 g. Semen samples 

were collected before, in the 6th and in the 12th week of the 

treatment. Samples of blood were collected before and after the 

trial. 
 

Assessment of Semen Parameters  
 

The samples of semen were obtained by masturbation after 3 

days of sexual abstinence and evaluated in the Assisted 

Reproduction Center Apolinar, Department of Obstetrics and 

Gynecology, 1st Faculty of Medicine, Charles University, and 

General Faculty Hospital in Prague. Seminal analysis was 

performed according to the guidelines of the World Health 

Organization [21]. 
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Hormone Assay  
 

Blood samples were collected on the same day as the semen 

samples. Five reproductive hormones (luteinizing hormone, 

follicle-stimulating hormone, prolactin, estradiol, and 

testosterone) and two thyroid hormones (free thyroxin and 

thyroid-stimulating hormone) were measured by routine 

immune-analytical methods in the Central Laboratory of General 

Faculty Hospital, 1st Faculty of Medicine, Charles University in 

Prague. 
 

Statistical Analysis  
 

All the data were analyzed using Statistica 10 software. As 

homogeneity of variance assumptions were not satisfied in all 

cases, a nonparametric Mann-Whitney U test was used to 

analyze intergroup differences and a Kruskal-Wallis H test was 

performed for analyzing data of more than two groups. A P 

value is based on the Chi-square distribution and a P value of 

less than 0.05 was considered statistically significant. 
 

Results  
 

From 20 volunteers, two men appeared to suffer from 

oligozoospermia; therefore, they had to be excluded from the 

trial. Out of 18 remaining volunteers, 7 consumed placebo and 

11 maca. 
 

Semen Parameters  
 

Not any statistically significant differences between semen 

parameters in different collection dates as well as maca versus 

placebo groups were found. This could be due to higher within 

groups variation. We found, however, that all assessed quality 

parameters showed rising trends in the maca group after 12 

weeks of the trial (Table 1). Total sperm count increased by 

20%, sperm concentration by 14%, motile sperm count by 14%, 

progressively motile sperm count by 18%, semen volume by 9%, 

and normal morphology of sperms by 21% (Figures 1 and 2). In 

the placebo group, total sperm count increased also by 20%, but 

sperm concentration did not change and motile sperm count and 

normal sperm morphology decreased by 10% and 14%, 

respectively.  
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Table 1: Mean semen parameter values during maca and placebo treatment (mean ± standard error; Kruskal-Wallis H test). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2: Baseline and posttreatment serum level of hormones in maca and placebo-treated subjects (mean ± standard error; Mann-Whitney U test). 

 

  n LH 

(IU L−1) 

FSH 

(IU L−1) 

Estradiol 

(nmol L−1) 

Testosterone 

(nmol L−1) 

fT4 

(pmol L−1) 

TSH 

(mIU L−1) 

 

Maca 

0 weeks 11 4.03 ± 0.50 4.40 ± 0.37 0.10 ± 0.01 19.92 ± 1.75 16.31 ± 0.29 2.35 ± 0.30 

12 weeks 11 2.90 ± 0.33 3.75 ± 0.37 0.10 ± 0.01 20.10 ± 2.24 16.91 ± 0.62 1.58 ± 0.23 

P value 0.09 0.23 0.76 0.88 0.95 0.07  

 

Placebo 
0 weeks 7 3.82 ± 0.50 4.46 ± 0.50 0.09 ± 0.01 19.43 ± 2.25 14.02 ± 0.68 2.92 ± 1.63 

12 weeks 7 2.99 ± 0.57 3.55 ± 0.64 0.11 ± 0.01 18.63 ± 2.15 15.28 ± 0.72 2.63 ± 1.38 

P value 0.23 0.23 0.17 1.00 0.23 1.00  

 

Luteinizing hormone; follicle-stimulating hormone; free thyroxin; thyroid-stimulating hormone. 

     Normal sperm 
morphology (%) 

Sperm concentration 
(×106 mL−1) 

Progressively motile 

sperm count 
(×106 mL−1) 

Motile sperm count 
(×106 mL−1) 

Total sperm 
count (×106) 

Semen volume (mL) 

Maca 0 weeks 11 18.18 ± 1.68 77.27 ± 6.79 47.72 ± 4.33 58.00 ± 5.40 277.90 ± 31.18 3.66 ± 0.31 

6 weeks 11 22.22 ± 2.22 86.11 ± 7.48 51.66 ± 2.88 63.22 ± 3.47 241.11 ± 25.54 2.92 ± 0.33 

12 weeks 11 22.00 ± 2.00 87.80 ± 9.86 56.20 ± 7.19 66.30 ± 8.36 332.31 ± 58.98 3.99 ± 0.31 

P value   0.29 0.52 0.28 0.39 0.42 0.11 

H 3.25 1.31 2.56 1.89 1.75 4.46  

Placebo 0 weeks 7 20.71 ± 1.70 106.71 ± 15.59 70.00 ± 12.53 83.42 ± 13.73 295.56 ± 69.580 2.77 ± 0.53 

6 weeks 7 23.33 ± 2.10 100.00 ± 10.24 60.00 ± 8.560 71.66 ± 8.620 395.16 ± 152.57 3.57 ± 1.01 

12 weeks 7 17.85 ± 3.75 100.28 ± 12.04 65.71 ± 11.09 74.85 ± 11.43 355.28 ± 96.940 3.44 ± 0.64 

P value   0.44 0.83 0.89 0.72 0.87 0.73 

H 0.23 0.38 0.23 0.67 0.27 0.63  
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Figure 1: Influence of maca treatment on sperm concentration. 
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Figure 2: Influence of maca treatment on motile sperm concentration. 

 

Serum Hormone Levels  

 
Statistically significant difference in level of prolactin between 

the baseline of maca and placebo group was found; therefore, 

prolactin was not included in the hormonal analysis. No 

substantial changes of other hormone levels were observed in the 

blood serum after 12 weeks of maca or placebo administration 

(Table 2). 

 

Macamides Content  

 
The content of six main abundant macamides in maca powder is 

shown in Table 3. Among them n-benzylhexadecanamide, n-

benzyl-(9Z.12Z)-octadecadienamide, and n-benzyl-

(9Z.12Z.15Z)-octadecatrienamide were the most abundant; the 

content has been found to be 1.68 ± 0.29, 1.02 ± 0.17, and 1.02 ± 
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0.16  mg/g of dried weight of plant material (mg/g DW), 

respectively. 

 
Table 3: Content of the six most abundant macamides in maca powder (mg/g 

DW). 

 

Macamide Mean ± SE 

Methoxy-n-benzyl-(9Z.12Z.15Z)-

octadecatrienamide 

0.12 ± 0.05 

n-Benzyl-(9Z.12Z.15Z)-

octadecatrienamide 

1.02 ± 0.17 

Methoxy-n-benzyl-(9Z.12Z)-

octadecadienamide 

0.10 ± 0.01 

n-Benzyl-(9Z.12Z)-

octadecadienamide 

1.02 ± 0.16 

n-Benzylhexadecanamide 1.68 ± 0.29 

1.68 ± 0.29 0.41 ± 0.08 

 

Discussion  
 
We wish to evaluate maca’s semen quality enhancing properties 

by, to the best of our knowledge, the first double-blind, 

randomized, placebo-controlled trial in healthy men and to 

contribute to the current scientific evidence of this crop with a 

pronounced ethnopharmacological reputation. This pilot study 

appears to extend the knowledge of maca’s properties and 

supports several findings of previous studies. Our results showed 

rising trends of semen parameters after 12 weeks of maca 

administration and correlate with two previously conducted 

studies in men, which lacked any control group [22,23]. Subjects 

consumed 3 g of powdered maca in both above mentioned 

studies. Gonzales et al. [22] reported in nine healthy volunteers a 

statistically significant increase of sperm concentration by 35%, 

total sperm count by 84%, and count of motile sperm even by 

109% after 16 weeks of treatment. Tancara et al. [23] studied ten 

patients with clinically diagnosed infertility. Authors did not find 

any improvement in sperm concentration or total sperm count 

but reported a statistically significant increase of motile sperm 

count by 10% and of normal sperm morphology by 12% after 12 

weeks of maca consumption; these findings are consistent with 

ours. 
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Maca’s semen enhancing properties have also been described in 

several scientifically rigorous studies in animals [13–15]. 

Gonzales et al. [13] reported increased stages of spermiation and 

mitosis of germ cells during the spermatogenic cycle in male 

rats, demonstrating also that yellow maca and black maca are the 

varieties responsible to increase sperm count and sperm motility 

whereas red maca had no effect. Rubio et al. [24] indicated that 

maca also reversed lead acetate induced damage of 

spermatogenesis in male rats. These findings suggest that maca 

improves sperm formation. This is in line with an increased 

motile sperm count and count of sperms with normal 

morphology in our and the above named studies in men. 
 

In order to demonstrate whether maca influences fertility on a 

hormonal basis, levels of selected hormones in blood serum were 

measured. We did not find any substantial changes in 

comparison to the baseline or a control group. These results 

reinforce previous studies in rats [25] and humans [26] and in 

vitro [27], which did not show an influence of maca 

consumption on hormone levels. On the contrary, Oshima et al. 

[28] reported increased level of progesterone in female and 

testosterone in male mice and Uchiyama et al. [21] described 

significant elevation of luteinizing hormones in female mice with 

a daily dose of 3–30 g maca powder per kg. However, maca 

forms part of native Andean inhabitants’ diet; daily doses used in 

animal models seem to be unfeasible for humans. 
 

The mechanism of the fertility enhancing properties of maca 

remains unconfirmed, but some aphrodisiac activities have been 

related to its lipidic fraction [13], which contains mainly fatty 

acids and macamides. Macamides are used to assess the quality 

of maca products; therefore, we quantified the most abundant of 

them. Their content was comparable to the already published 

average values obtained by the analysis of samples from 

different locations in Peru. The amount of the most common 

macamide, n-benzylhexadecanamide, was determined as 

1.68 mg/g, while in previous studies these values differed 

between 1.39–3.68 mg/g [19] and 0.49–4.57 mg/g [29]. The 

content of macamides varies significantly; therefore, we 

encourage the recommendations of previous studies to determine 

their content before each experiment. 
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From the viewpoint of trial design, the daily doses and the length 

of treatment would be expected to play a crucial role. Values in 

spermiograms of our volunteers showed rising trends between 

6th week and 12th week of treatment. Thus, the fact that 

Gonzales et al. [22] obtained more significant results after 16 

weeks of trial supports the hypothesis that the length of maca 

administration influences semen parameters positively. On the 

other hand his team described no significant impact if the daily 

dose of maca was reduced from 3 to 1.5 g. 
 

Hirsh [30] declares that subfertility affects one in 20 men. This 

correlates well with our results since two volunteers of our group 

suffered from oligozoospermia. These results support evidence 

that subfertility affects a considerable amount of young men. 

Nevertheless, sperm parameters achieved by 18 men in this study 

were higher than recent WHO reference values for human semen 

characteristics [31]. 
 

Maca is touted as a potent over-the-counter (OTC) supplement. 

As long as men prefer to use OTC products to enhance fertility 

rather than prescribed medication or any medical intervention, it 

is worth continuing to assess its possible benefits [1]. Our results 

indicate that maca possesses some of its claimed properties. 

Hence, we decided to continue maca oriented research in order 

to evaluate its potential. A trial considering the effect of maca in 

patients suffering oligozoospermia is currently being developed. 
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Abstract  
 

Previous report described that CHCl3:MeOH extract of C. 

chayamansa leaves and pure compounds (moretenol, moretenyl 
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acetate, kaempferol-3,7-dimethyl ether and 5-hydroxy-7-3´,4´-

trimethoxyflavanone) showed important topical and systemic 

anti-inflammatory activity in acute model, as well as in vitro 

anti-mycobacterial and antiprotozoal activities. In this paper, we 

describe the in vivo hepatoprotective and anti-inflammatory 

effects of the CHCl3:MeOH extract in chronic model and the 

isolation of additional compounds (moretenone and lupeol 

acetate). The hepatoprotective activity was determined at 39 

days using Balb/c mice with liver damage induced with an 

antitubercular drug (RIF/INH/PZA). The anti-inflammatory 

activity was evaluated in a chronic model induced with CFA and 

in two acute models (TPA and carrageenan). In addition, 

moretenone and lupeol acetate were isolated and identified by 

spectroscopic data. Lupeol acetate is a main compound present 

in fraction 14-42, and this fraction was the majority fraction 

from the extract; from this was obtained moretenone. In animals 

with liver damage, the extract at 200 and 400 mg/kg induced 

better Body Weight gain with respect to positive control 

(Silymarin); in addition, the mice that received the extract at 200 

mg/kg and Silymarin exhibited slight steatosis; however, the 

animals' livers at 400 mg/kg did not show steatosis. The extract 

and fraction 14-42 showed a good anti-inflammatory activity by 

TPA model (DE50 = 1.58 and 1.48 mg/ear) and by carrageenan 

model (DE50 = 351.53 and 50.11 mg/kg). In the chronic 

inflammatory test, the extract at three doses revealed a similar 

effect to that of Phenylbutazone, although the body weight gain 

was better in animals that received the extract at 900 mg/kg. 

Conclusion: The CHCl3:MeOH extract showed significant anti-

inflammatory and good hepatoprotective effect on chronic 

models. The fraction containing moretenone and lupeol acetate 

as main compounds was more active than extract in both acute 

models of inflammation. 
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ALT- Alanine Aminotransferase; ALP- Alkaline Phosphatase; 

ANOVA- Analysis of Variance; antiTB- AntiTubercular; AST- 

Aspartate Aminotransferase; BUN- Blood Urea Nitrogen; BW- 

Body Weight; CAT- Catalasa; C. chayamansa- Cnidoscolus 

Chayamansa; CCDC- Cambridge Crystallographic Data Center; 

CC-NP- Column Chromatography on Normal Phase; CDCl3- 

Deuterated Chloroform; CFA- Complete Freund’s Adjuvant; 

CHCl3- Chloroform; CMC- Carboxymethyl Cellulose; CnCM- 

CHCl3-MeOH Extract of C. chayamansa;  ED50- Median 

Effective Dose; EtOH- Ethanol; EtOAc- Ethyl Acetate; GC-MS- 

Gas Chromatography-Coupled Mass Spectra; g- gram;  H2SO4- 

Sulfuric Acid; Hex- Hexane;  i.g.- Intragastric; IMSS- Instituto 

Mexicano del Seguro Social; INH- Isoniazid; kg- kilogram; 

LD50- Lethal Dose Medium; LPO- Lipid Peroxidation; MeOH- 

Methanol; mL- Milliliter, min- minute; M.Sc- Master Science; 

NIST- National Institute of Standards; NMR- Nuclear Magnetic 

Resonance; NP/PEG- Methanolic Diphenylboric Acid-β-

Ethylamino Ester and 5% Ethanolic PolyEthylenGlycol-400; 

OS- Oxidative Stress; PCC- Protein Carbonyl Content; PBZ- 

Phenylbutazone; PZA- Pyrazinamide; RIF- Rifampicin; Rf- 

Retention Factor; Rt- Retention Time; SEM- Standard Error of 

the Mean;  SNK- Student-Newman-Keuls; SOD- Superoxide 

Dismutase; Sil- Silymarin;  TLC- Thin Layer Chromatography; 

TMS- Tetramethylsilane (TMS) 

 

Introduction  
 

Cnidoscolus chayamansa (Mc Vaugh) belonging to 

Euphorbiaceae and is known as “Mexican spinach”, and the 

widespread popular name utilized in Mexico is “chaya”. It has 

high nutritional value (contains vitamins, essential minerals, 

protein such as amino acids, and some fatty acids), more than 

Spinacea oleracea [1-3] and possesses important medicinal 

properties, including antioxidant, antitumoral, antimutagenic, 

antidiabetic, hypocholesterolemic, hepatoprotective, 

gastroprotective, and cardioprotective. From the CHCl3:MeOH 

extract of C. chayamansa leaves (collected in Hidalgo state, 

Mexico) two main terpenoids (moretenol and moretenyl acetate) 
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and two polyphenols (kaempferol-3,7-dimethyl ether and 5-

hydroxy-7-3´,4´-trimethoxyflavanone) were isolated. Terpenoids 

showed important topical and systemic anti-inflammatory 

activity, as well as in vitro anti-mycobacterial activity. The 

polyphenols demonstrated good antiprotozoal and anti-

inflammatory activities [4]. In addition, this extract has LD50 >2 

g/kg when was administered by intragastric (i.g.) via in Balb/C 

mice. The extract (1 g/kg) administered during 28 days by oral 

via in Balb/C mice did not cause lethality, nor was Body weight 

(BW) gain altered; biochemical parameters and histological 

analysis did not reveal any alteration. Other compounds isolated 

from this medicinal plant are quercetin, kaempferol, 

amentoflavone, nicotiflorine, astragalin, kaempferol-3-O-

rutinoside, coumarin, naringenin, rutin, catechin, protocatechuic 

acid, and dihydromyricetin [3,4]. 

 

With respect to hepatoprotective activity by C. chayamansa, 

there is only one report, to our knowledge, that supports this 

effect. The EtOH extract (at 200 and 400 mg/kg), administered 

by i.g via in male Wistar rats with liver damage induced by 

antiTubercular (antiTB) drugs [Rifampicin (RIF) and Isoniazid 

(INH) 100 mg/kg each one] was tested during 21 days, using as 

positive hepatoprotective control Silymarin (Sil, 2.5 mg/kg). 

This extract at 200 mg/kg decreases the serum concentrations of 

the hepatic enzymes Aspartate aminotransferase (AST), Alanine 

aminotransferase (ALT), and Alkaline Phosphatase (ALP), as 

well as total protein and total albumin; these values were similar 

to Sil treated group. Histological analysis of rats’ liver that 

received EtOH at 200 mg/kg demonstrated partial recovery in 

liver cellular structure, while the 400 mg/kg dose exhibited good 

hepatocyte integrity. The authors attributed this hepatoprotective 

effect to the antioxidant activity of the secondary metabolites 

contained in C. chayamansa, due to that antiTB drugs exert 

oxidative damage on liver tissue through free radical generation 

[5]. 
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Materials and Methods  
General Experimental Procedures  
 

Chemical characterization of the isolated compounds was 

determined by Nuclear Magnetic Resonance (NMR) on Bruker-

Avance III HD 700 equipment utilizing Tetramethylsilane 

(TMS) as an internal reference, in CDCl3 at 700 (
1
H) or 175 

(
13

C) MHz. HRMS (DART-TOF+) was acquired with an 

AccuTOF-JMS-T100LC spectrometer (Jeol, Peabody, MA, 

USA). Single crystals of moretenone were obtained and their x-

ray analysis was performed on a Bruker D8 Venture κ geometry 

diffractometer with a Cu-target micro-focus x-ray source (λ = 

1.54178 Å). A colorless crystal was mounted on a glass fiber at 

room temperature, the detector was placed at a distance of 5.0 

cm from the crystals, and frames were collected with a scan 

width of 0.3 in w and an exposure time of 10 s/frame. Frames 

were integrated with the Bruker SAINT software package 

employing a narrow-frame integration algorithm. Monoclinic C 

system was used in systematic absences and intensity statistics in 

monoclinic C2 space-group determination for the moretenone 

compound.  

 

The structure was solved utilizing direct methods using the 

SHELXS-2014/7 program. Anisotropic structure refinements 

were achieved employing the full matrix, least-squares technique 

on all non-hydrogen atoms. All hydrogen atoms were placed in 

idealized positions, based on hybridization, with isotropic 

thermal parameters fixed at 1.2 times the value of the attached 

atom. Structural refinements were performed using SHELXL-

2014/7 [6]. Uncorrected melting points (m.p.) were determined 

in a Fisher-Johns apparatus. Gas Chromatography-coupled Mass 

Spectra (GC-MS) analyses were performed on an Agilent 

Technology 6890N gas chromatograph interfaced with a Jeol 

MS-GCMATE II mass spectrometer. The GC column was a HP5 

(30 m x 0.32 mm i.d.) programmed from 40-310°C at the rate of 

8°C/min; the carrier gas was He (7 psi, 1 mL/min). Triterpenoids 

and sterols present in lipophilic fractions were identified by 

comparing their MS with those reported in the Publish/National 

Institute of Standards (NIST) MS Library. 
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Open Column chromatography on normal phase (CC-NP) was 

carried out on silica gel 60 (70-230 mesh; Merck, Darmstadt, 

Germany). Thin layer chromatography (TLC) analyses were 

performed on silica gel 60 F254 pre-coated aluminum plates (0.2 

mm, Merck) and spots were visualized by spraying with a 10% 

aqueous H2SO4, followed by heating to identify triterpenoids and 

sterols; for flavonoid detection, methanolic diphenylboric acid-β-

ethylamino ester and 5% ethanolic PolyEthylenGlycol-400 

(NP/PEG) were employed [4].  

 

Plant Collection and Extract Preparation  
 

Cnidoscolus chayamansa (Mc Vaugh) was collected in the 

Miguel Hidalgo Delegation of Mexico City, Mexico, in June 

2016. The plant was identified by M.Sc. Abigail Aguilar at the 

Herbarium, IMSS Mexico, and a voucher specimen (16252) was 

deposited at this herbarium. Dry leaves (316.4 g) were extracted 

successively by maceration at room temperature with 

CHCl3:MeOH 1:1 (CnCM). The extract was concentrated at 

40ºC in a vacuum system (BuchiVac V-153) and maintained at 

25°C under conditions of darkness until its use.  
 

Chemical Fractionation and Isolation of Pure 

Compounds  
 

The CnCM extract (10 g) was subjected to CC-NP in silica gel 

60 (200 g) and was eluted with Hex:EtOAc (1000) and 

EtOAc:EtOH (1000), following the procedure previously 

described [4]; from this procedure, a 24-fraction group was 

obtained. The least polar fractions: F1-12 and F14-42 (majority 

fraction from extract), were analyzed by GC-MS. The 

chromatogram of F1-12 showed the presence of three 

compounds: lupeol; octacosane, and stigmast-4-en-3-one (Rt = 

13.35, 14.57, and 20.55 min, respectively).  
 

In primary fraction F14-42, main compounds were detected: β-

amyrenone (Rt = 16.81 min), β-amyrin acetate (Rt = 17.25 min), 

moretenone (Rt = 20.21 min), and lupeol acetate (Rt = 20.95 

min). In addition, three minor components were detected (ergost-

5-en-3-ol, stigmasterol, and β-sitosterol with Rt = 13.85, 14.50, 

and 16.45 min, respectively). Additionally, 2.8 g of primary 
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fraction F14-42 was submitted to CC-NP in silica gel (54 g) 

eluted with Benzene 100 % (F1-17), Hex 100% (F18), and 

Hex:CHCl3 8:2 (F21-23). From secondary fraction F10-23 (eluted 

with Hex and Hex:CHCl3 9:1), after two successive CC-NP, this 

was eluted with only hexane 100%; 250 mg transparent needle-

shaped crystals with m.p. 220-225°C were obtained, which were 

soluble in CHCl3 and EtOAc, with Rf = 0.4 in Hex:EtOAc 

10:0.26 when sprayed with H2SO4 10%. This compound was 

identified as moretenone and all spectral data (MS, 
1
H-, and 

13
C-

NMR) were in agreement with those described previously in the 

literature [7-9]. The main signal in 
1
H-NMR was (CD3OD):  

2.42 (1H, m, H22), 4.72 (1H, s, H29 α), 4.70 (1H, s, H-29 β), 

1.05 (3H, s, H23), 0.93 (3H, s, H24), 1.03 (6H, s, H25 y H26), 

0.68 (3H, H28), and 1.52 (3H, m, H-30), and in 
13

C-NMR, the 

main signal was  218.2 (C-3),  148.12 (C-22),  108.98 (C-29) 

and  19.78 (C-30). This compound was recrystallized in CH2Cl2 

and the chemical structure was confirmed by x-rays (Figure 1). 

Crystal structure data was deposited at the Cambridge 

Crystallographic Data Center with deposit number CCDC 

1574161 and molecular formula C30H48O1  

(http://www.ccdc.cam.ac.uk). 

 

 
Figure 1: X-ray crystal structures of moretenone.  

 

http://www.ccdc.cam.ac.uk/
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Animal In Vivo Assays  
 

Male Balb/C mice (22-25 g) were maintained under standard 

laboratory conditions according to Mexican Official Norm 

(NOM-062-ZOO-1999) modified in 2016. Animal received 

humane care according to the Guide for the Care and Use of 

Laboratory Animals prepared by National Academy of Science. 

The protocol was approved by the National Commission of 

Scientific Investigation, IMSS (CNIC R-2014-785-075). 

 

Acute Topical and Systemic Anti-inflammatory 

Activities  
 

These tests were performed according to previously described 

[4].  

 

Induced Mouse Ear Edema with 12-O-Tetradecanoyl 

Phorbol 13-Acetate (TPA)  
 

TPA and CnCM were dissolved in acetone and applied topically. 

All test groups (n = 6) received 2.5 mg of TPA in the right ear 

(W’s), while the left ear received only acetone (Wo); 30 min 

later, Indomethacin (IND) and CnCM extract or fractions were 

applied in the right ear at three doses (0.5, 1, and 2 mg/ear). 

Anti-inflammatory activity was calculated according to the 

weight difference between W’s/Wo in an ear sections (6 mm) at 

6 h, employing the following formula [4]: % Inhibition= [(W’s-

Wo) control (W’s-Wo) samples/(W’s-Wo) control] x 100 

 

Carrageenan-Induced Mouse Paw Edema  
 

Paw edema was induced by subcutaneous (s.c.) injection of 20 

µL of 2% carrageenan in saline solution. One hour prior to the 

injection of carrageenan, the treated groups (n = 7) received IND 

(10 mg/kg), CnCM extract (150, 300, and 600 mg/kg) or the 

fractions (50, 75 and 100 mg/kg) by i.g. route. Tested samples 

were solubilized in Tween 80:H2O (1:9) and the control group 

received only the vehicle. The percentage of inhibition was 

calculated by comparing the paw edema measurements at 

different times (1, 2, 3, 5, and 7h) (Et) with the zero times values 
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(Eo). Results were analyzed with a formula previously described 

[4]: 

 
%Inhibition = [(Et–Eo)carrageenan (Et - Eo)treated/(Et – Eo)carrageenan] x 100 

 

 

Chronic Inflammatory Model Induced with Complete 

Freund’s Adjuvant (CFA)  

 

This assay was carried out according to that previously described 

(Gutiérrez-Rebolledo et al. [10-11], with modifications. All 

groups (n = 7) were injected by subcutaneous via with 25 µL of 

CFA in right hind paw on days zero and 14 (reinjection). The 

groups received, by i.g. route, the following treatment: 

Phenylbutazone (PBZ, 100 mg/kg), or CnCM extract (200, 450, 

and 900 mg/kg) daily from day 7 to day 28. All samples were 

solubilized in Tween 80:H2O (1:9); the healthy and the arthritic 

groups received vehicle alone. Paw edema was measured at days 

1, 7, 14, 21, and 28) (Et) utilizing a digital micrometer (Mitutoyo 

model 293-831), and the value of day zero (Eo) was determined. 

BW gain was also registered on the same days. Percentage of 

edema inhibition in each group was calculated from days 14-28 

by comparison with the CFA group without treatment as follows:  

 
% Inhibition = [(Et – Eo)CFA group (Et -Eo)Treated group/(Et – Eo)CFA group] x 100 

 

Hepatoprotective Activity  
 

This assay was determined using the methodology previously 

described [5,12], with modifications. Four groups (n = 10) 

randomly selected male Balb/C were used. The antiTB drugs are 

RIF/INH/Pyrazinamide -PZA- (50:50:100 mg/kg) and Sil (2.5 

mg/kg), were solubilized in Carboxymethyl Cellulose (CMC) at 

5%, and the CnCM extract was solubilized in Tween 80:CMC 

5% (5:95). The treatment was administered during 39 days by 

i.g. via in a volume not exceeding 10 mL/kg.   

 

The groups formed were the following: Group I: antiTB drugs 

plus vehicle; Group II: antiTB drugs plus Sil; Group III and IV: 

antiTB drugs plus CnCM extract at 200 and 400 mg/kg, 
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respectively. During the experimental period, BW gain was 

recorded from day zero and every 7 days throughout the 

experiment until day 39. On the final experimental day, the 

animals were fasted for 12 h prior to blood sampling without 

anesthesia by retro-orbital puncture. Blood samples were 

collected to obtain serum; after that, the animals were sacrificed 

by dislocation and their liver was extracted for weighing and 

histological analysis. The parameters determined in serum were 

the following: Urea, creatinine ALT, AST, ALP, cholesterol, 

triacylglyceride, and High-Density Lipoprotein (HDL). This 

analysis was carried out in Selectra II Analyser (Model Vitalab 

2) automated equipment with commercial brand kits (RANDOX 

LAB). 

 

Histological Analysis  
 

These tests were performed according to previously described 

[4].   

 

Oxidative Stress (OS) Parameters  
 

The livers were obtained, and the latter were placed in an ice 

bath to determine OS biomarkers. Tissue samples (500 mg) were 

homogenized in Phosphate-Buffered Saline solution (2 mL at pH 

7.4), and one mL of each homogenate was centrifuged at 12,500 

g and 4°C/30 min; the activity of SOD and Catalase (CAT) was 

determined from the supernatants by colorimetric methods 

[10,13]. Lipid Peroxidation (LPO) and Protein carbonyl content 

(PCC) were evaluated from uncentrifuged homogenate samples. 

These tests were performed according to those previously 

described [14,15].  

 

Statistical Analysis  
 

The SigmaPlot ver. 12.0 statistical software program (2011-

2012) was utilized for analysis of results and graphic elaboration. 

Data are presented as Standard Error of the Mean (SEM). BW 

gain and development of paw edema were analyzed with 

bifactorial Analysis of Variance (ANOVA) and with a post hoc 

Student-Newman-Keuls (SNK) test. Results of p <0.05 are 
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considered statistically significant. For hematological analysis 

parameters and oxidative damage parameters in tissues, one-way 

ANOVA was employed with a posthoc SNK test in which p 

<0.05 was considered significant. 

 

Development of paw edema in the carrageenan model was 

analyzed with bifactorial ANOVA and with a post hoc SNK test. 

Results of p <0.05 were considered statistically significant.  

 

Results  
Phytochemical Analysis  
 

The chemical fractionation of the extract led to obtain 24 groups 

of fractions with increasing polarity. Less polar fractions (F1-12 

and F14-42) were submitted to GC-MS analyses. In the 

chromatogram from F1-12, lupeol, octacosane, and stigmast-4-

en-3-one were detected as main constituents. In the 

chromatogram from F14-42, β-amyrenone (Rt = 16.81 min), β-

amyrin acetate (Rt = 17.25 min), moretenone (Rt = 20.21 min), 

and lupeol acetate (Rt= 20.95 min) were detected as main 

components. This fraction was submitted to CC-NP and, after 

this procedure, we obtained moretenone (1). This compound was 

identified from its IR and 
1
H- 

13
C-NMR spectroscopic data. 

Single crystal diffraction confirmed the structure of the 

compound. Figure 1 presents an ORTEP drawing of this 

structure.  

 

Anti-inflammatory Activity by Systemic and Topical 

Model  
 

Results in the carrageenan assay showed that the IND group 

exhibited 62.05% inhibition at 5 h, while CnCM at 150, 300, and 

600 mg/kg showed an inhibition of 35.81, 44.05, and 59.26%, 

respectively at the same time (Table 1). The anti-inflammatory 

effect was dose-dependent, showing an ED50 = 351.53 mg/kg. 

Primary fraction F12-42 revealed a better anti-inflammatory 

effect than the CnCM extract; in this case, the ED50 was lower 

(50.11 mg/kg vs. 351.5 mg/kg). In this fraction by GC-MS 

analysis, β-amyrenone, β-amyrin acetate, moretenone, and lupeol 
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acetate were detected as main components and the anti-

inflammatory activity has been described for each compound.   

 

The results of the topical anti-inflammatory effect of the CnCM 

extract showed an ED50 value of 1.58 mg/ear, while the IND 

group showed 2.14 mg/ear (Table 2); this extract was more 

active than the reference drug. Primary fraction 14-42, contain β-

amyrenone, β-amyrin acetate, moretenone, and lupeol acetate, 

exhibited a significant anti-inflammatory effect; in this case, 

ED50 was 1.48 mg/ear.  

 
Table 1: Anti-inflammatory effect of C. chayamansa extract and primary 

fraction F14-42 on the development of carrageenan-induced acute 

inflammation 

 
Treatment 1 Dose 

(mg/ 

kg) 

T(5h) Inhibition 

percentage 

ED50 

(mg/kg) 

Carrageenan - 0.95 ±0.03 - - 

IND 10 0.36 ±0.01a 62.05% 10 

 

CnCM  

 

150 

0.61 ±0.01ab  

35.81% 

351.53 

(R2 = 0.97) 

300 0.53 ±0.01abc 44.05% 

600 0.39 ±0.01acd 59.26%  

 Treatment 2 

IND 10 0.28 ±0.01a 63.22% 10 

Primary 

fraction  

F14-42 

50 0.39 ±0.02a 49.51%  

50.11 

(R2 = 0.93) 75 0.19 ±0.01ab 74.47% 

100 0.15 ±0.02abc 79.74%  

 

Data shown as mean (±), with standard error of the Mean (SEM). Treatments 

were i.g. administered 1 h before the Carrageenan. Statistical analysis two-way 

ANOVA, post hoc SNK test (p ≤0.05). Treatment 1: avs Carrageenan control, 
bvs Indomethacin, cvs CnCM 150 mg/kg, dvs CnCM 300 mg/kg. Treatment 2: 
avs Carrageenan control. bvs Indomethacin. cvs fraction 14-42 75 mg/kg. dvs 

fraction 14-42 100 mg/kg; CnCM extract CHCl3:MeOH, IND: Indomethacin; n 

= 6. 
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Table 2: Anti-inflammatory effect of C. chayamansa extract and primary 

fraction F12-42 on the TPA model 

 
Treatment 1 Dose 

(mg/kg) 

T(6h) Inhibition 

percentage 

(%) 

ED50  

(mg/

kg) 

TPA - 20.60±0.64 --- --- 

 

IND 

 

0.5 16.92±0.38a 17.88%  

2.14 

 
1 14.07±0.40•a 41.77% 

2 10.77±0.34•*a 47.73% 

 

CnCM  

0.5 17.43±0.33a 15.37%  

1.58 

 
1 11.48±0.57•ab 44.26% 

2 9.45±0.98•*ab 54.13% 

Treatment 2 

IND 0.5 8.62±0.23* 45.64% 1.28 

 1 7.9±0.44* 50.18% 

2 5.68±0.38*abd 64.18% 

Primary 

fraction 14-

42 

0.5 9.42±0.56* 15.37%  

1 8.58±0.64* 44.26% 1.48 

(

R2=0.

99) 

2 7.46±0.46*b 54.13% 

 

Data shown as mean (±), with standard error of the Mean (SEM). Statistical 

analysis two-way ANOVA, post hoc SNK test (p ≤0.05). Treatment 1: avs TPA 

control, bvs IND, cvs CnCM 0.5 mg/ear, dvs CnCM 1 mg/ear. Treatment 2: *vs 

TPA control, avs IND 0.5 mg/ear, bvs IND 1 mg/ear, cvs fraction 14-42 0.5 

mg/ear, d vs fraction 14-42 1 mg/ear; CnCM: extract CHCl3:MeOH, IND: 

Indomethacin; n = 6. 
 

Anti-inflammatory Activity by Chronic Paw Edema 

Model Induced with CFA  
 

The animals with chronic inflammation that received CnCM 

extract at 200 mg/kg exhibited a better anti-inflammatory effect 

from day 14 to 28; at the end of the experiment, inhibition was 

45.33% in this group, and the group that received PBZ (reference 

drug) showed 37.49%. Meanwhile, the group with the CnCM at 

450 and 900 mg/kg revealed inhibition of ~35% at day 28; this 

effect was very similar, from day 14 to day 28, to that observed 

with PBZ. It is noteworthy that the anti-inflammatory effect 

observed for 200 mg/kg began from day 14 on and was 

maintained during the following 2 weeks; this effect was similar 

to that of PBZ (Figure 2).  



Prime Archives in Medicine: 2
nd

 Edition 

15                                                                                www.videleaf.com 

 

 

 

 
 
Figure 2: Effect of C. chayamansa extract on edema development (mm) during 

experimental chronic model in mice. 

Data shown as mean ± standard error (SEM). Treatments were administered 

daily by i.g. route from day 7 to 28. Two-way analysis of variance (ANOVA) 

of repeated measures (RM), post hoc Student Newman Keuls (SNK), (p≤0.05). 
avs Vehicles; bvs CFA control; cvs CFA+PBZ; dvs CFA+ CnCM 200 mg/kg; evs 

CFA+ CnCM 450 mg/kg; ●vs day 1; *vs day 7; ▲vs day 14; ■vs day 21. CFA: 

Complete Freund’s adjuvant; PBZ: phenilbutazone; n= 7. 

 

In this model, BW gain also was registered by all groups (Figure 

3). Animals with chronic inflammation showed poor BW gain 

with respect to healthy group (0.08 g vs. 1.73 g); this loss in BW 

was more evident at day 28, and these animals exhibited lethargy 

and difficulty in walking. During the experiment period, animals 

with PBZ or CnCM at 900 mg/kg showed better BW gain (2.11 

and 1.50 g, respectively); this behavior was similar to that of the 

healthy group (1.73 g), and this effect was more evident at day 

28. This BW gain was more evident from day 21 in the PBZ 
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group and from day 14 in the CnCM group at 900 mg/kg. On the 

other hand, the group treated with CnCM at 200 and 450 mg/kg 

exhibited similar values in BW gain (0.62 and 0.90 g) with 

respect to the CFA group at day 28 (0.8 g); BW gain was scarce 

in these groups with respect to the PBZ or vehicle groups (2.11 

and 1.73 g, respectively).  

 

 
 

Figure 3: Effect of C. chayamansa extract on BW gain (g) during experimental 

chronic anti-inflammatory model in mice. 

Data shown as mean (±) standard error (SEM). Treatments were administered 

daily by intragastric route from day 7 to 28. Two-way analysis of variance 

(ANOVA) of repeated measures (RM), post hoc Student Newman Keuls 

(SNK), (p≤0.05). avs Vehicles; bvs CFA control; cvs CFA+PBZ; dvs CFA+ 

CnCM 200 mg/kg; evs CFA+ CnCM 450 mg/kg; ● vs day 1; *vs day 7; ▲vs day 

14; ■vs day 21. CFA: Complete Freund’s adjuvant; PBZ: phenilbutazone; 

CnCM: CHCl3:MeOH extract, n= 7.  

 

In Vivo Hepatoprotective Effect  
 

Mice with liver damage were treated during 39 days with the 

CnCM (200 and 400 mg/kg) or Sil. The results showed that the 

antiTB group and the Sil group had a scarce increase in BW gain 
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at day 39, the values were 1.6 g and 2.1 g, respectively; this 

increase was slightly better in the Sil group. On the other hand, 

groups treated with CnCM extract demonstrated better BW gain, 

this increase observed from day 14. BW gain was similar in both 

groups treated with the extract at 200 and 400 mg/kg (2.9 and 2.4 

g, respectively), and this BW gain was better than that of the Sil 

and the antiTB groups (Figure 4). 

 

 
Figure 4: Effect of C. chayamansa extract on BW gain (g) during 

hepatotoxicity induced by antiTB drugs in Balb/C mice. 

Data presented as mean (±) standard error (SEM). Statistical Analysis of 

Variance (ANOVA) Bifactorial of Repeated Measures (RM), post hoc Student 

Newman Keuls (SNK) test (p<0.05); avs AntiTB; bvs AntiTB + Silymarin 2.5 

mg/kg; cvs AntiTB + CnCM 200 mg/kg; dvs AntiTB + CnCM 400 mg/kg; 

AntiTB, antitubercular drugs (RIF/INH/PZA); n=7. 

 

At day 39, all mice were euthanized and livers were extracted 

and weighed to calculate their relative weight compared to total 

animal weight. Results revealed that the antiTB and Sil groups 

exhibited a statistically similar value (1.55 g), while animals 

with CnCM at 200 mg/kg demonstrated a lower value (1.12 g) 

than that of the antiTB control (1.55 g). The CnCM extract group 

at 400 mg/kg also exhibited a value of 1.3 g; this value was 
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lower than antiTB and Sil control (1.5 g for each group), but 

higher than the dose of 200 mg/kg (Figure 5). 

 

 
 

Figure 5: Effect of C. chayamansa extract over relative liver weight of Balb/C 

mice with hepatotoxicity induced by antiTB drugs 

Data presented as mean (±) standard error (SEM). Statistical Analysis Kruskal-

Wallis (ANOVA on Ranks), post hoc Student Newman Keuls (SNK) test 

(p<0.05); a vs AntiTB; bvs AntiTB + Silymarin 2.5 mg/kg; c vs AntiTB + 

CnCM 200 mg/kg; d vs AntiTB + CnCM 400 mg/kg; AntiTB, antitubercular 

drugs (RIF, INH, PZA) mixture; CnCM: CHCl3:MeOH extract, n=7. 

 

The results of the biochemical analysis are described in Table 3, 

indicating that mice treated with Sil or the CnCM extract (at 200 

or 400 mg/kg) showed an increase in the serum levels of the 

hepatic enzymes (AST, ALT, and ALP) with respect to the 

antiTB group, although an increase in hepatic enzymes values 

was observed, this cellular damage on the membranes could be 

confirmed in the histological analysis. It is noteworthy that for 

renal function, both groups administered with the CnCM extract 

showed lower levels in the serum of creatinine and urea than the 

results exhibited by untreated mice with hepatotoxicity and in 

those animals treated with Sil. With respect to HDL values, the 

groups treated with the extract (both doses) and Sil showed 

lower values with respect to the antiTB group. Cholesterol 

values were similar in all treated groups and for triacyl-glyceride 

values, mice treated with CnCM at both doses showed a 

significant decrease compared to the antiTB control.  
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Finally, the values of PCC and LPO are described in Table 4. 

The LPO levels in groups treated with both doses of the extract 

or with Sil were lower than in mice with liver damage caused 

with the antiTB drug. The levels of PCC for the CnCM extract 

(at both doses) were higher than those of the antiTB control and 

the Sil group. 
 

Table 3: Effect of C. chayamansa extract on the biochemical parameters of 

Balb/C mice with hepatotoxicity induced by antiTB drugs 

 
 

Parameters 

Treatments 

AntiTB AntiTB + Silymarin AntiTB + CnCM 

  2.5 mg/kg 200 mg/kg 400 mg/kg 

Creatinine 

(mg/dL) 

2.88±0.79 2.88±0.21 0.60±0.25ab 0.07±0.07ab 

Urea 
(mg/dL) 

51.07±5.63 68.45±5.00 50.63±8.43b 40.55±1.93ab 

AST 

(IU/L) 

198.00±17.45 256.33±25.32a 268.00±13.46a 317.00±8.62abc 

ALT 
(IU/L) 

175.00±32.25 228.33±31.09a 393.00±76.08ab 452.50±59.29ab 

ALP 

(IU/L) 

184.00±28.65 286.00±11.93a 252.67±38.27a 397.00±7.09abc 

Cholesterol 
(mmol/L) 

4.30±0.25 4.50±0.24 4.23±0.30 4.10±0.05 

Triacyl-

glyceride 
(mmol/L) 

0.99±0.20 1.36±0.31 0.66±0.10 0.70±0.03 

HDL 

(mmol/L) 

1.30±0.06 1.05±0.07a 0.92±0.01ab 0.92±0.01ab 

 

Data presented as mean (±) standard error of the mean (SEM). Statistical 

Analysis one way ANOVA, post hoc Student Newman Keuls (SNK) test 

(p<0.05); avs AntiTB; bvs AntiTB + Silymarin 2.5 mg/kg; cvs AntiTB + CnCM 

200 mg/kg; dvs AntiTB + CnCM 400 mg/kg; AntiTB: RIF/INH/PZA mixture; 

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: 

Alkaline phosphatase; HDL: High density lipoprotein; n=7. 

 
Table 4: Effect of C. chayamansa extract on oxidative stress biomarkers in 

Balb/C mouse liver tissue with hepatotoxicity induced by antiTB drugs 

 
Oxidative 

stress 

biomarkers 

AntiTB AntiTB + 

Silymarin  

2.5 mg/kg 

CnCM extract 

200 mg/kg 400 mg/kg 

PCC 

(µm 

carbonyl/g) 

403.81±31.28 397.46±26.44 610.16±14.30 517.94±28.87 

LPO 

(µm MDA/g) 

177.82±2.21 126.67±5.64a 137.53±6.44ab 154.04±3.97abc 
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Data presented as mean (±) Standard Error of the Mean (SEM). Statistical one-

way ANOVA, post hoc Student Newman Keuls test (p <0.05); avs. AntiTB; bvs 

AntiTB+Silymarin 2.5 mg/kg; cvs AntiTB + CnCM 200 mg/kg; dvs AntiTB + 

CnCM 400 mg/kg; AntiTB: RIF/INH/PZA; PCC: Protein Carbonyl Content; 

LPO: Lipid PerOxidation; MDA: MalonDiAldehyde; n = 7. 

 

For the antioxidant endogenous enzymatic results, only animals 

with hepatotoxicity and that were treated with C. chayamansa at 

400 mg/kg showed a significant increase in the values of both 

tested enzymes: SOD with highest activity of 54.56%, and CAT 

91%, compared to antiTB mice (with liver damage); the antiTB 

plus Sil group showed a similar value to that of the antiTB group 

(Table 5). 
 

Table 5: Effect of C. chayamansa extract on antioxidant enzymatic activity in 

Balb/C mouse liver tissue with hepatotoxicity induced by antiTB drugs 

 
Antioxidant 

enzymes 

AntiTB AntiTB+ 

Silymarin  

2.5 mg/kg 

CnCM extract 

200 mg/kg 400 mg/kg 

SOD 

(IU/g) 

69.12±12.97 77.43±10.14 59.50±10.20 106.83±2.33abc 

CAT 

(IU/g) 

8.48±1.65 13.81±6.16 9.47±3.56 16.12±4.66abc 

 
Data presented as mean (±) Standard Error of the Mean (SEM). Statistical 

analysis, one-way ANOVA, post hoc Student Newman Keuls (SNK) test (p 

<0.05); avs AntiTB; bvs AntiTB + Silymarin 2.5 mg/kg; cvs AntiTB + CnCM 

200 mg/kg; dvs AntiTB + CnCM 400 mg/kg; AntiTB, antitubercular drugs 

(RIF, INH, PZA); UI, International units; SOD, Superoxide dismutase; CAT, 

Catalase; n = 7. 

 

On the other hand, in the histological analysis, the antiTB group 

exhibited moderate steatosis (3/3), and without hepatic necrosis 

(0/3); the groups that received the extract at 200 mg/kg (2/3) and 

Sil (3/3) showed mild steatosis but without hepatic necrosis 

(0/3). It is important to mention that the group that received the 

extract at 400 mg/kg did not show steatosis (0/3), neither hepatic 

necrosis (0/3). On the other hand, only Sil group showed a slight 

portal lymphoid infiltrate (2/3). All groups did not show hepatic 

hematopoiesis, also they did not show centrilobular 

degeneration. These data are presented in Figure 6. 
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Figure 6: Histological liver section from Balb/C mice with hepatotoxicity 

induced by antiTB drugs and treated during 39 days with the CnCM extract. 

Histologic liver tissue (x100) collected from mice euthanized on day 39, after 

of the treatment period, tissue were stained with Hematoxylin and Eosin 16X. 

AntiTB group showed steatosis, Silymarin (2.5 mg/kg) and CnCM (200 mg/kg) 

showed a moderate steatosis and CnCM (400 mg/kg) group showed a scare 

steatosis 

 

Discussion  
 

In the CnCM extract, triterpenoids and sterols were detected as 

main compounds by TLC, and also scarce polyphenols were 

detected. Pérez-González et al. [4] previously described these 

types of compounds in the same extract from the plant material 

collected in the state of Hidalgo, Mexico. Chemical fractionation 

led to obtained moretenone from primary fraction F14-42 

(majority fraction), this compound was obtained as a colorless 

crystal. Other main compounds detected in this fraction included 

β-amyrin acetate, and lupeol acetate and β-amyrenone (a minor 

component). 
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For our knowledge, moretenone has not been reported for C. 

chayamansa, although it compound has been described as a 

semisynthetic derivate obtained from moretenol (isolated from 

Cnidoscolus multilobus aerial parts) by oxidative reaction [7]; 

this was isolated as a natural compound from the MeOH extract 

of Maprounea guianensis aerial parts [8], from Euphorbia 

millefera ooo extract [9], and from the MeOH extract of 

Sebastiania schottiana roots [16]. Previously, moretenol and 

moretenyl acetate were described from the same extract of C. 

chayamansa collected in the state of Hidalgo, México [4]. 

Fraction 14-42 and the CnCM extract were subjected to topical 

and systemic anti-inflammatory assays; finding that this fraction 

was more active than the extract (ED50 = 50.11 and 351.53 

mg/kg by carrageenan model, and ED50 = 1.48 and 1.58 mg/ear 

by TP assay, respectively).  

 

Previously, moretenone was described as an analgesic and anti-

inflammatory compound; the analgesic effect was higher than 

that of aspirin and paracetamol when was determined by acetic 

acid induced abdominal writhes model (in male mice). The 

analgesic or antinociception activity (determined on acetic acid 

abdominal constrictions in mice) for moretenone was 72 % 

inhibition, it was more active that aspirin and paracetamol (35 

and 38 % inhibition, respectively); on formalin assay, 

moretenone was more active (16 and 36 % of inhibition at 1rst 

and 2
nd

 phases) that IND (6.6 and 33 %, respectively). The 

analgesic activity determined on writhing assay and formalin 

assay, moretenone showed a ID50 = 8 and 42 µmol/kg, 

respectively, it showed more activity that aspirin (133 and 123 

µmol/kg) or paracetamol (125 and 120 µmol/kg, respectively) 

[16]. Also, anti-inflammatory activity by β-amyrin acetate and 

lupeol acetate have been described [15-18]; both compounds (β-

amyrin acetate and lupeol acetate) exhibited 50% inhibitory dose 

(ID50) = 0.75 and 0.54 µmol/ear on TPA model [17]. Respect to 

lupeol acetate, it showed a IC50 = 28.32 mg/kg in the 

antinociception effect (acetic acid induced abdominal writhes 

model), however it was less active that IND (IC50 = 4.48 mg/kg) 

but was more active that aspirin (IC50 = 166.54 mg/kg). Other 

antinociception or analgesic model used was formalin-induced 

licking behavior; in this assay, lupeol acetate showed IC50 = 
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20.95 mg/kg. And in vitro anti-inflammatory activity (evaluated 

on LPS-stimulated RAW 264.7 cells line) the NO production, 

iNOS production and COX2 expression was <5.13 µM [18]. 

Other author described the in vivo anti-inflammatory effect by 

lupeol acetate, it has a significative anti-inflammatory activity by 

regulating TNF-α and IL-2, and involves the opioids system, in 

this study the author uses morphine as control drug; the assays 

were formalin test (2nd phase), carrageenan-induced paw edema, 

dextran-induced paw edema, peritonitis induced by carrageenan 

[19].   

 

In the case of this study, the anti-inflammatory result was better 

than that described previously for the same extract of C. 

chayamansa (ED50 = 467.73 mg/kg) collected in the state of 

Hidalgo [4]. Another study reported that only the EtOAc extract 

of C. chayamansa (collected in the Mexican state of Veracruz) 

administered by intraperitoneal route at 500 mg/kg (in CD1 

mice) showed poor anti-inflammatory activity (30.29% of 

inhibition at hour 5) [2], while a similar anti-inflammatory effect 

was observed for the actual extract but at lower doses (at 150 

mg/kg, 35.41%). Previously, a similar value (ED50 = 1.66 

mg/ear) was described for the CnCM extract collected at a 

different site [4]. García-Rodríguez et al. [2] described the anti-

inflammatory topical effect of the Hex, EtOAc, and EtOH; in 

this case, all extracts showed an inhibition of 31% at 2 mg/ear, 

an effect lower than that found in this work. Afterward, the 

CnCM extract was assayed on the chronic inflammatory model 

(induced with CFA); the animals with chronic inflammation 

were unable to walk or move because of the severe inflammatory 

process that they developed. The results showed that this extract 

at the three doses (200, 450 and 900 mg/kg) exerts a good anti-

inflammatory effect. It is noteworthy that the anti-inflammatory 

effect on chronic inflammation observed for the 200 mg/kg dose 

start from day 14 and was maintained during the following 2 

weeks, and the decrease in the inflammatory process was similar 

to that exhibited by PBZ (Figure 2).  

 

It is important to mention that there is, to our knowledge, no 

previous published work to date related to the activity of C. 

chayamansa on the chronic inflammation model. The results 
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described previously demonstrated that inhibition over chronic 

edema development was not dose-dependent, due to that the 

extract at a low dose (200 mg/kg) generates the best anti-

inflammatory effect (45.33%) at day 28, even greater than PBZ 

(37.49%); however, this dose showed a low BW gain compared 

to that observed for the 900 mg/kg dose (0.62 g vs. 1.5 g). 

Therefore, further studies will define which the best 

recommended dose is, and it is advisable to carry out studies at 

the molecular level to measure interleukins. It is important to 

mention that previously; two triterpenes and three polyphenols 

were isolated from C. chayamansa with an important anti-

inflammatory effect on models of acute inflammation [4]. 

Perhaps these compounds are responsible for the effect observed 

in the model of chronic inflammation. 

 

The present report is the first that describe anti-inflammatory 

activity of the CnCM on a chronic model; the results indicate 

that this extract, at the doses tested, shows a similar effect to that 

of the drug of reference (PBZ). Additional studies are being 

developed to determine the compounds responsible for this 

chronic anti-inflammatory activity.  

With respect to the hepatoprotective effect, the most important 

finding was that the CnCM extract at 200 mg/kg generated better 

BW gain regarding animals with damage liver (antiTB group). 

On the other hand, animals treated with the extract showed scare 

steatosis with respect to the Sil group and the antiTB group. 

Although the animals had hepatic damage caused by the antiTB 

drugs, the CnCM extract did not generate greater damage but, 

contrariwise, the animals presented less steatosis. 

 

Previously, was described that the EtOH extract from C. 

chayamansa possessed a hepatoprotective effect against liver 

damage induced with RIF/INH in rats [5]. In this study, it was 

found that the groups treated with extract or Sil reduced the 

levels of AST, ALT, and ALP with respect to those of the 

RIF/INH group. Previously described that the EtOH extract (C. 

chayamansa) at 200 exerted a slight hepatoprotective effect in 

rats with RIF/INH-induced liver damage, and that this extract at 

400 mg/kg demonstrated scarce necrosis, mild inflammation, and 

scarce steatosis. These authors concluded that the 
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hepatoprotector effect exhibited by the extract was similar to that 

of the positive control (Sil). In addition, the hepatoprotective 

effect of the MeOH extract from C. aconitifolius on Wistar rats 

with liver damage caused by EtOH (chronic administration) has 

been described. In this case, the rats’ liver slides treated with 

extract at 200 mg/kg revealed normal architecture without 

hepatic necrosis and without portal and central venous 

congestion. These alterations were more evident in rat damage 

with EtOH. The hepatoprotective effect observed for the MeOH 

extract was similar to control positive Kolaviron. This extract 

also showed an in vivo nephroprotective effect in the same model 

[20,21].  

 

Conclusions  
 

C. chayamansa possesses good anti-inflammatory activity when 

used in the acute inflammation model (topical and systemic) and 

reveals a significant beneficial effect on the chronic 

inflammation model. In this case, the extract at 900 mg/kg favors 

BW gain; the effect was similar to that of PZB and also reduced 

the inflammation; this reduction was similar to that of the 

reference drug. In addition, the extract at both doses also showed 

good hepatoprotective effect against liver damage caused with 

antiTB drugs (RIF/INH/PZA). From this extract, moretenone 

and lupeol acetate from a less polar fraction was isolated as main 

compound, as well as a β-amyrin acetate.    
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Abstract  
 

Catheter-Related Bacteremia (CRB), thrombosis and stenosis are 

among the most frequent complications associated with 
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catheters, which are inserted in vessels as vascular access. These 

problems are usually related to the handling of the staff, the 

catheter materials and the surface properties of the catheter. To 

reduce the tremendous high costs of the CRB and improve the 

patient outcome and discomfort, other technologies, which 

include the outer and the inner surface are necessary. New 

materials and new technologies must be developed, which 

should have a better biocompatibility. 
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Introduction  
 

Despite all technical innovations in hemodialysis, the problem of 

finding a temporary or permanent vascular entry point appears to 

have found no satisfactory solution. Temporary vascular access, 

in particular, still presented considerable problems over years. In 

1979, the author became aware of the problems associated with 

vascular points for acute hemodialysis and the author introduced 

the canalization of the superior vena cava over the internal 

jugular vein with a modified large-bore catheter [1]. With the 

introduction of catheterization, the previously necessary 

application of a Scribner shunt has become superfluous. 

Catheterization of the internal jugular and subclavian vein as 

temporary access points is suitable for almost all treatments 

situations [2]. In the following years, the author was involved in 

the development of new large-bore catheter types [3]. Several 

years later, he found a company in the USA, which treated the 

outer surfaces of different materials. The company treated large-

bore catheters with silver or Silicone (Spire Corporation, 

Bedford, MA, USA) [4].  

 

Contraindications for the internal jugular vein catheterization are 

such as inflammations at the point of puncture and unidentified 

anatomical conditions, e.g., extended stream or tumors in the 

neck area and one of the most frequent are jugular vein 
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thrombosis. After insertion of the catheter in the internal jugular 

or subclavian vein, the position of the catheter tip should 

checked fixing the catheter with a suitable cutaneous suture. In 

order to avoid x-ray control, the author has been locating the 

catheter tip with an intra-arterial electrocardiogram passed over 

the catheter [5].  

 

Synthetic catheters are increasingly used for intensive medical 

treatment and extracorporeal detoxification procedure since 

several decades. Correspondingly, typical complications such as 

infections and thrombosis are also on the increase. Infections 

present a particular problem as they can appear any time, even 

years after an implantation, and may affect all materials. 

Complications rates due to infections for venous catheters are 

given at between 34 % and 40 % [6]. Catheter-related 

complications represent a significant burden on the management 

of the Renal Replacement Therapy (RRT) program and mortality 

risk for the dialysis patient. The incidence of catheter-related 

complications is significantly higher than with arterio-venous 

fistula [7].  

 

In the first retrospective study (1979-1990) with 2,626 large-bore 

catheters in 1,627 patients, the frequency of infections, 

thrombosis, bleeding, and other side effects was investigated. All 

complications together are presented dependent upon vascular 

route and were seen in total in 502 treatments (44.3 %) [8]. In 

the second retrospective study (1992-2007), outer surface treated 

catheter with silver (n = 54) versus untreated catheters (n = 105), 

who needed a large-bore catheter, were investigated [9].The 

results of the preliminary investigation from 2001, which 

showed 75 % decline in the infection rate with the surface 

treated catheter, cannot be confirmed with the present 

investigation. One reason may be that in the surface treated 

catheters only the outer surface was coated with silver and the 

possibility of contamination by handling during the 

extracorporeal treatments [10].  

 

Dialysis catheters are used for vascular access in 65% of incident 

Hemodialysis (HD) patients, and in 25 % of the prevalent HD 
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populations [11]. Today the first choice of vascular access is the 

vena cava superior over the internal jugular vein [12].  

 

However, large-bore catheters used for extracorporeal 

detoxification need large improvements, due to the complication 

rates. Catheter improvements must develop together from 

scientists, physicians and industries, which are involved in the 

catheter production. 

 

Discussion  
 

Catheter-Related Bacteremia (CRB) is a major cause of 

morbidity among hemodialysis patients. Treatment with 

systemic antibiotics alone without removal of the catheter fails 

definitely eradicates the infection in most patients [13]. CRB 

must managed by either catheter removal with delayed 

placement of a new catheter or manage of the infected catheter 

with a new catheter over a guide-wire and additional systemic 

antibiotic therapy. These CRBs are contributing factors to 

increasing cost of medical care. They are responsible for patient 

readmissions and longer hospital stays as well as patient 

discomfort, morbidity, and occasions mortality.  

 

The source of CRB is in most patient´s a bacterial biofilm, which 

forms in the catheter lumen or on the outer surface. This biofilm, 

most consisting of Staphylococcus aureus, cannot be destroyed 

or eliminated by a systemic antibiotic therapy because of 

antimicrobial resistance [14]. Bacteriae could most the time 

colonize, of rough surfaces [15]. The combination of rough 

surfaces and protein deposits should be an ideal situation for 

colonization of bacteria. The bacteria could produce and become 

covered with a slime layer, in which case antibiotic drugs have 

no influence on the bacteria. The bacteria under the slime layer 

use the organic substances of the catheter material for their 

metabolism. The toxins of the bacteria can penetrate the slime 

layer and enter the patient blood provoking a catheter infection 

[16]. Biofilm is a microbial derived sessile community 

characterized by cells that irreversibly attached to a substratum 

or interface to each other, embedded in a matrix of extracellular 

polymeric substances that have produced [17]. Such a biofilm 



Prime Archives in Medicine: 2
nd

 Edition 

5                                                                                www.videleaf.com 

can be the origin of fibrin sheath formations leading to catheter 

dysfunction due to blood reducing and to blood disturbances. 

The therapy must be remove the catheter immediately, or 

exchange it over a guide-wire with a new catheter and additional 

systemic antibiotic therapy.  

 

Biocompatibility of synthetic materials is another major 

problem. The interaction of blood with a synthetic surface causes 

coagulation and activation of the complement system. This can 

lead to the adsorption of various proteins and the formation of a 

layer of protein on the synthetic surfaces. Thrombocytes, other 

cells and bacteria adhere of this layer of protein so that thrombi 

may form which can lead to blood flow disturbances and catheter 

dysfunction [9].  

 

Surface modification processes can reduces the rate of infection, 

thrombogenicity, and other catheter-related complications 

without adversely affecting the basic design function of 

catheters. Examples include conventional coating process such 

as depending and spraying: vacuum-deposition techniques (e.g., 

sputtering), and surface modification approaches such as 

diffusion (e.g., nitriding, carburizing), laser and plasma 

processes, chemical plating, grafting or bonding, and 

bombardment with energetic particles (as in plasma immersion 

or ion implantation). Of the available bombardment have 

particularly successful in biomaterial surface modification, 

primarily because they combine versatility and low-temperature 

processing with superior control, reliability, and reproducibility 

[18].  

 

Another possibility shows the developed catheter material, the 

microdomain structured surface (PUR-SMA coated catheter, 

Gambro Germany) [19]. Microdomain surfaces are considered 

the most biocompatible because the mimic the structure of 

natural biological surfaces. Microdomain structures are used to 

match the multiple requirements for improved catheter surfaces 

that are reduced thrombogenicity and improved antimicrobial 

properties. An SMA-modified polyurethane coating consists of 

hydrophobic and hydrophilic microdomain in range below 50 

nmm. Up to 50 percent of the molecules are presented to the 
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surface and creates microdomain-structured surfaces. If the 

domains are below a critical dimension of approximately 100 

nmm, theoretical considerations indicate that interaction with 

proteins, blood cells, or even bacteria will unstable and therefore 

not occur as frequently as on non-microdomain structured 

surfaces.  

 

Other new materials must developed, which should have better 

biocompatibility to reduce side effects so that they can be left in 

situ for a longer time, because the part of dialysis patients with 

vascular access problems is increasing in the last decades. 

However, about 30 % of all hemodialysis patients, because the 

age of HD patients are permanent growing up [20]. As the 

requirement for more and more artificial organs and/or organ 

replacement increases, especially in elderly patients, there will 

be a definite need for new materials with better biocompatibility 

and for suitable technologies to solve these infection, thrombosis 

and medical problems to reduce the costs and get better 

improvement of the patients. A disadvantage of drugs such as 

antibiotics in the catheter surfaces or administration to patient or 

disinfection substances is that they can develop resistance by 

mutation or other mechanisms. Therefore, the need of new 

surgical techniques and materials are necessary [21]. However, it 

appears impossible to create a surface with an absolute “zero” 

adherence due to thermal-dynamical reasons and due to the fact 

that a modified material surface is in vivo rapidly covered by 

plasma and connective tissue proteins.  

 

Recent data have suggested that Methicillin-Resistant S. aureus 

(MSRA) and Vancomycin Intermediate S. Aureus (VISA) 

organisms have increased [22]. One of the proposed mechanisms 

of vancomycin-resistance is the bacterial cell wall thickening 

following vancomycin exposure [23]. Vancomycin´s activity 

may be decreased activity may be decreased due to the thickness 

of the bacterial cell; the results are MSRA and VISA [24].  

 

Therefore other concepts of the prevention of implant-associated 

infections must involve the impregnation of the devices the inner 

and outer surface with antibiotics, antimicrobial substances 

and/or metal [25,26]. Another point is to understand the process 
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leading to the development of CRB in order to can offer 

effective preventive and therapeutic possibilities [27]. Such as 

new polymer-antibiotic systems in inhibiting bacterial biofilm 

formation and in reducing neutrophils activation after surface 

contact on different biomaterials, thus reducing the risk for 

biomaterial-mediated inflammatory reactions [28-30], or the 

development of new biofilm to serve in a communication system 

termed quorum sensing [31], or molecules that inhibit quorum 

sensing signal generation among organism could block microbial 

biofilm formation [32].  

 

These CRB are contributing factors to the increasing cost of 

medical care. They are responsible for patient readmissions and 

longer hospital stays as well as patients discomfort, morbidity, 

and occasional mortality. Feldmann et al. calculated in 1996 the 

costs of the morbidity due to catheter infections will soon exceed 

$ 1 billion per year [33].Therefore he demanded to reduce 

vascular access-related morbidity, that strategies must be 

developed not only to prevent and detect appropriately early 

synthetic vascular access dysfunction, but to better identify the 

patients in a whom radial arterio-venous fistula is a viable 

clinical option. The representative health care cost savings for 

hemodialysis catheters, given specific infection rates and 

potential reductions.  

 

The cost analysis was calculated using the literature and the 

available costs of different companies which distribute these 

catheters [34]. Potential health care cost reductions that could be 

achieved through the use of surface treated of surface treated 

catheters by an annual usage of 125,971 hemodialysis catheter 

devices and an infection rate of 5-20 % savings per year of $ 

17.7 million, reduction about 40 %.Besides a high member of 

patients who die to end stage renal disease, the costs of these 

infections are increasingly steady. After Schwebel et al. the costs 

are $2.118/intensive care unit day, and after Pronovost et al $ 

45.000 per each infection [35,36]. Toccanelli et al. estimated in 

2009 the costs associated with ESRD in four European countries 

(France, Germany, Italy, and UK) between € 35.9 and € 163.9 

million per year [37].  
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Central Venous Catheters (CVC) is the most common source of 

hospital-acquired bloodstream infections in the USA. Each 

infection has an estimated additional cost of $ 25.000 per 

episode [38]. There are up to 250.000 episodes reported in the 

USA per year, each episode increasing the cost and duration of 

the hospital stay. The Centers of Disease Control and Prevention 

(CDC) have released many guidelines to help prevent and reduce 

CRB, and this has helped bring down the rate of infections 

significantly. However, the number of CVC remains close to 15 

million catheter-days per year. The CDC reports a 50 % decrease 

in Central Line-Associated Bloodstream Infection (CLABSI) 

rate from 2008 to 2014 and a 9 % decrease between 2013 and 

2014. The CDC introduced general guidelines to decrease and 

prevent CLABSI in 2009. Nevertheless, about 30,100 CLABSIs 

still occur in the intensive care units and wards of US acute care 

Facilities each year [38].  

 

Due to tremendous high costs, it must possible of scientists, 

physicians, bioengineers and others to develop new techniques 

and new materials to reduce these high costs and increase the 

improvement of patients. However, besides the high costs due to 

catheter-related infections, the patients` longer hospital stays, 

and patients discomfort, mortality, and occasionally mortality are 

the most important problems, which must be resolved. To reduce 

these complications it is necessary that the handling of the 

catheters must be done first after the numerous recommendation 

and guideline available in the literature [39,40].  

 

After various authors is important, if the use of a large-bore 

catheter is inevitable, insertion in the right internal jugular vein 

is preferred, as the incidence of complications is less likely 

[1,8,41-43]. Treatment of elderly patients who commence HD 

with a large-bore catheter should be planned considering aspects 

of individual clinical risk assessment [44].  

 

Most important is the improvement of the handling of the 

catheters by attending staff, which is recommended in numerous 

available guidelines to reduce the tremendous high costs to treat 

the CRB and the discomfort and morbidity of the patients. The 

nursing staff insuring dialysis connection and disconnection 
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usually provides CVC care. The incidence of CVC-related 

complications is clearly associated with nursing staff experience 

and respect of catheter-handling protocols [7]. For each dialysis 

facility, a specific training program and a protocolized handling 

procedure should be defined and adapted to their results. Aseptic 

rules for manipulating CVC at the time of dialysis connection 

and disconnection should be applied at all times. They include 

for the nurse, the use of sterile materials and additive protecting 

barriers and resort to an auxiliary caregiver to facilitate 

connection to the dialysis machine while preventing 

contamination.  

 

Therefore, new materials, new surface treatments, and new 

technologies are needed to serve the tremendous high costs for 

hemodialysis and apheresis catheters by treating the 

complications, to reduce infections rates, and thrombus 

formations to improve the patient outcomes and reduce the 

tremendous costs. Large-bore catheters for extracorporeal 

detoxification methods need large improvements to decrease the 

tremendous high costs of complications and the discomfort of 

patients. 

 

Conclusion  
 

In point of view of the results and the literature data, new 

technologies, new materials and surface treatment of both 

surfaces, the inner and outer surface, are needed to save the 

tremendous high health costs of the catheters for extracorporeal 

detoxification methods, to reduce infection rates, and thrombus 

formations and help to improve the patients outcome. 
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Abstract  
 
Background: Catheter-related infections, thrombosis, and 

stenosis are among the most frequent complications associated 

with catheters, which are inserted in vessels. Surface treatment 

processes of the outer surface, such as ion-beam-assisted 

deposition, can be used to mitigate such complications.  

 

Methods: This retrospective study (1992–2007) evaluated silver-

coated (54 patients) and noncoated (105 patients) implanted 

large-bore catheters used for extracorporeal detoxification. The 

catheters were inserted into the internal jugular or subclavian 

veins. After removal, the catheters were cultured for bacterial 

colonization using standard microbiologic assays. They also 

were examined using scanning electron microscope.  

 

Results: The silver coated catheters showed a tendency towards 

longer in situ time. The microbiologic examinations of the 

catheter tips were in both catheter types high positive, but not 

significant.  

 

Conclusion: The silver-coated catheters showed no significantly 

reduction in infection rate by evaluation of all collected data in 

this retrospective study. There was no association between both 

catheters in significantly reducing savings in treatment costs and 

in reducing patient discomfort. Other new developed catheter 

materials such as the microdomain-structured inner and outer 

surface are considered more biocompatible because they mimic 

the structure of natural biological surface. 

 

Introduction  
 

Since the introduction of large-bore catheters for acute 

hemodialysis more than 50 years ago [1,2], many problems with 

handling, materials, and contamination of these catheters have 

arisen. Catheterization of the femoral vessels produces more 

complications than the catheterization of the superior vena cava 

(SVC). Cannulation of the SVC versus the subclavian vein is 

difficult to implement and involves a higher complication rate 
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[2,3]. Using the infraclavicular catheterization technique, it is 

often difficult to push the large-bore catheter under the clavicle. 

Because of the anatomical position of the subclavian vein, 

perforation is more likely with a rigid, large-bore catheter, apart 

from the danger of causing a pneumothorax or a hemothorax [3–

9]. 

 

Despite technical innovations in hemodialysis (HD) and 

apheresis, the problems of providing temporary or permanent 

vascular access appear to have found no satisfactory solution. 

Temporary vascular access, in particular, still presents 

considerable problems. Therefore, many investigators have 

inserted large-bore catheters in the superior vena cava rather than 

in the internal jugular or the subclavian veins [3–9]. Dialysis 

catheters are used for vascular access in 65% of incident 

hemodialysis patients, and in 25% of the prevalent HD 

populations [10]. Complication rates due to infections for venous 

catheters are reported to be between 34 and 40% and more 

[11,12]. 

 

Synthetic catheter implants are increasingly used for intensive 

medical treatment and extracorporeal detoxifications procedures. 

Correspondingly, typical complications such as infections and 

thrombosis have also increased. Infections present a particular 

problem because they can appear at any time, even years after an 

implantation, and may affect all materials. 

 

Catheter-related bacteremia is a major cause of morbidity among 

hemodialysis patients. Treatment with systemic antibiotics alone 

without removal of the catheter fails to definitively eradicate the 

infection in most patients [13]. Catheter-related bacteremia can 

be managed by either catheter removal with delayed placement 

of a new catheter or exchange of the infected catheter with a new 

catheter over a guide-wire and additional systemic antibiotic 

therapy. 

 

The source of catheter-related bacteremia is in most patients a 

bacterial biofilm, which forms in the catheter lumen. This 

biofilm, mostly consisting of Staphylococcus aureus, cannot be 
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destroyed or eliminated by a systemic antibiotic therapy because 

of antimicrobial resistance [14]. 

 

In 1981, Locci et al. demonstrated that bacterial could most of 

the time colonize artificial, rough surfaces [15]. The combination 

of tough surfaces and protein deposits should be an ideal 

situation for the colonization of bacteria. The bacteria could 

produce and become covered with a slime layer, in which case 

antibiotic drugs have no influence on the bacteria. The bacteria 

under the slime layer use the organic substances of the catheter 

material for their metabolism. The toxins of the bacteria can 

penetrate the slime layer and enter the patient blood provoking a 

catheter infection. Biofilm is a microbial-derived sessile 

community characterized by cells that are irreversibly attached to 

a substratum or to interface to each other, embedded in a matrix 

of extracellular polymeric substances that have produced [16]. 

Such a biofilm can be the origin of fibrin sheath formations 

leading to catheter dysfunction due to blood flow reducing and to 

blood disturbances. The therapy must be to remove the catheter 

immediately or exchange it over a guide-wire with a new 

catheter and additional systemic antibiotic therapy. 

 

In addition to infection, biocompatibility of synthetic materials is 

a major problem. The interaction of blood with a synthetic 

surface causes coagulation and activation of the complement 

system. This can lead to the adsorption of various proteins and 

the formation of a layer of protein on the synthetic surface. 

Thrombocytes, other cells, and bacteria adhere to this layer of 

protein so that thrombi may form, which can lead to blood flow 

disturbances and catheter dysfunction [17]. Because of these 

problems, surface modification processes that can reduce the rate 

of infection or thrombogenicity, without adversely affecting 

basic catheter design and functionality, are of special interest. 

 

The large-bore catheter has been frequently modified over recent 

years, and all models available are of similar construction with 

single, double, or triple lumen [18–25]. To influence catheter-

related bacteremia, different new developments are available 

today, like coating of the catheter surface with antibiotic-heparin, 

cuffs on the outer surface, catheter for tunnelling, installation of 
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an antibiotic-anticoagulant lock into the catheter lumen after the 

HD, and so forth, [13,26,27]. 

 

The authors introduced in 1979 the transcutaneous insertion of 

large-bore catheters through the internal jugular vein [11], and in 

1992 they used for the first time available catheters which were 

coated on the outer surface with silver. In a retrospective study 

from 1992 to 2007, all catheters with surface treatment of silver 

versus untreated catheters were investigated after removal using 

a scanning electron microscope. Also, bacterial colonization and 

thrombus accumulation and the cuffs of the catheters after 

fixation were also investigated. In a preliminary study from 

2001, the authors found a decline of the infection rate with the 

surface-treated catheter [28]. To examine these results in a 15-

year study is the aim of this paper. 

 

Catheter and Material  
 

Most of the available single-, double- or triple-lumen catheters 

have some deficiencies depending on the material. Not all 

catheters are radiopaque. No problem is experienced with 

polyurethane catheters after the incorporation of contrast media; 

however, the latter material may affect catheter durability when 

using Teflon. This problem was overcome by making a thicker 

catheter wall, but this caused endothelial irritation and early 

thrombus formation. Catheters providing radio contrast are not 

absolutely necessary, however, because their position can be 

controlled more simply and gently with an intra-atrial 

electrocardiogram lead (ia ECG) [29]. The three most important 

criteria of any catheter material are a good tolerance, a low 

thrombogenicity, and a low infection rate [30,31]. 

 

Rarely do the material properties perfectly match every 

requirement in a given application and biomaterials are no 

exception. For instance, although a candidate orthopedic material 

may have ideal mechanical properties, it may elicit a deleterious 

biological response, or a candidate biosensor with good electrical 

characteristics may corrode readily in the presence of body fluids 

[32]. Therefore, it often becomes necessary to strike a 

compromise so that a material has acceptable properties in each 
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pertinent area. This compromise is often made between bulk and 

surface properties. For example, in a product such as a 

hemodialysis catheter, which demands both good flexibility and 

low surface friction, the best candidate may be a slippery, less 

flexible material rather than a more supple one with 

unacceptably high friction. 

 

A wide spectrum of biomaterial surface properties, including 

biological, mechanical, chemical, and other properties that 

directly influence biocompatibility and functionality, can be 

modified. Surface engineering is generally considered when a 

good surface is not good enough, when devices would not 

function without it, or when product differentiation is desired 

[32]. 

 

The importance of surface-engineered biomaterials has been 

recognized by major medical device companies, because surface 

modification processes can reduce the rate of infection, 

thrombogenicity, and other catheter-related complications 

without adversely affecting the basic design function of 

catheters.  

 

Although the field is still essentially in its infancy, the range of 

services currently offered by surface treatment vendors is varied 

and continually expanding. Examples include conventional 

coating process such as depending and spraying, vacuum-

deposition techniques (e.g., sputtering), and surface modification 

approaches such as diffusion (nitriding, carburizing), laser and 

plasma processes, chemical plating, grafting or bonding, and 

bombardment with energetic particles (as in plasma immersion 

or ion implantation). Of the available techniques, those based on 

ionised particle bombardment have been particularly successful 

in biomaterial surface modification, primarily because they 

combine versatility and low-temperature processing with 

superior process control, reliability, and reproducibility [32]. 

 

The ion-beam-based technology used for the treatment of 

catheters covered herein is ion-beam-assisted deposition (IBAD; 

Spi-Argent, Spire Corporation, Bedford, MA, USA) [33–35]. 

The process is typically performed at low temperature under 
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high vacuum. The affected layer in the typical films deposited by 

the IBAD process is in the order of 1 μm or less, so vacuum-

compatible catheter materials may, therefore, be treated without 

adversely affecting bulk mechanical properties. The IBAD is 

line-of-sight process. This implies that only the outer surface of 

the catheters can be treated directly; however, parts with 

complicated geometries may be manipulated for uniform 

coverage of all surfaces. The ion-beam-assisted deposition of a 

silver coating was used [36]. 

 

Silver has been indicated as a good prospect for an infection-

resistant coating material for catheters. The problem previously 

preventing the use of silver on catheters has been the inability to 

deposit adherent films of silver on flexible polymeric substrates. 

The IBAD process permits the formation of silver coatings at a 

relatively low temperature with extremely good adhesion that 

prevents delamination of the film during extended exposure to 

bodily fluids. The IBAD silver-deposited film has a low 

coefficient of friction, is highly uniform, and has demonstrated 

excellent adhesion. Biocompatibility testing consisted of a 

cytotoxicity test, and the USP Systemic Injection Test. Excellent 

results were obtained in both tests [32,36–38]. 

 

Patients  
 
The authors present the retrospective study from 1992 to 2007; 

the inclusion criteria were patients >18 years of age who requires 

a large-bore catheters (in-/outpatient), were free of bacteremia, 

and provided informed consent. The exclusion criteria were a 

pregnant or lactating female, a hypersensitivity of silver, and a 

bacteremia at the time of catheter insertion. An IRB approval 

was in 1992 not necessary. 

 

In the study, a total of 159 patients (age 66.5 ±13.2 years, 

females n = 94 (59%) are involved (Table 1)). Large-bore, single 

lumen catheters were inserted percutaneously in the internal 

jugular or subclavian veins. The percutaneously catheterisation 

was necessary in renal failure because of acute kidney injury 

(AKI) for hemodialysis due to cardiovascular disease, 

postoperative AKI, and so forth, and in end-stage renal disease 
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(ESRD) because of clotting fistula, septicemia, abscess and 

catheter thrombosis, and faults in the catheter material (n = 138 

(86.8%)) (Table 2). Further indications to catheterisation were 

access problems in patients with familial hypercholesterolemia 

(n = 12 (7.5%)), different indications for plasmapheresis (n = 7 

(4.4%)), and in 2 patients with carcinoma (n = 2 (1.3%)). 

 
Table 1: Characteristics of 159 patients who received large-bore catheters for 

dialysis or apheresis. 

 

Parameter Mean ± SD 

Age (30–82 years) 66.5 ± 13.2 

Females (n (%)) 94 (59%) 

Treated surface catheters (silver) 

(n (%)) 

54 (34%) 

In situ time (days) 217.6 ± 285.8 

(Median 123.0, 1–1845) 

Treatments (n) (dialysis, apheresis) 76.4 ± 103.4 

(Median 44.0, 1–670) 

 

Table 2: Indications for the insertion of large-bore catheters (n = 159). 

 

Indications (n) % 

Renal failure   

 Acute kidney injury (AKI) 40 25.2 

 Clotting fistula 34 21.4 

 Septicemia (catheter-related) 29 18.2 

 Abscess (catheter-related) 8 5.0 

 Bleeding (catheter-related) 4 2.5 

 Catheter thrombosis and faults in 

catheter material 

23 14.5 

Hypercholesterolemia   

 LDL-apheresis 10 6.3 

 Septicemia 2 1.24 

Plasmapheresis   

 Different indications 6 3.8 

 Removal by patient 1 0.62 

Carcinoma   

 Removal by patient 2 1.24 
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In 54 patients (34%), a catheter with a silver coating on the outer 

surface (Spi-Argent, Spire, Bedford, MA, USA) was inserted, 

and 105 patients (66%) received untreated catheters. Patients 

with untreated catheters were younger (62.2 ±16.2 versus 68.8 ± 

10.7, P = 0.003), but there were no differences between the 

groups regarding gender distribution, diagnosis, or 

extracorporeal detoxification methods. The catheters were placed 

by nephrologists after the Seldinger technique and/or under 

fluoroscopic guidance. Before percutaneous insertion, each 

patient skin was disinfected using a consistent method, and a 

sterile skin smear was taken for microbiologic examination, and 

then the catheter was inserted. Before fixing the catheter with a 

suture, its position (particularly the catheter tip) should be 

checked with a normal radiological control and/or with an ia 

ECG [29]. In long-term catheters, a blood smear was taken every 

4 weeks to screen for bacteria. Catheters were removed either 

when other vascular access routes became available or when 

serious infections developed, or if the catheter was not longer 

necessary. 

 

Before catheter removal, a skin smear was taken. The catheters 

were then removed under sterile conditions, and the tip was 

examined bacteriologically. In the remainder, the catheter was 

rinsed in a physiological saline solution and fixed in a solution of 

phosphate buffer containing glutaraldehyde and formaldehyde 

for histological investigation. 

 

Statistical Analysis  
 

Statistical analysis was performed using the Statistical Package 

for Social Sciences (SPSS 13.0). All continuous data are 

presented as mean ± standard deviation (SD) or if the data 

showed no normal distribution, as median and range. 

Dichotomous data were presented as a number (n ) or in percent 

(%). Univariate, unadjusted analyses were performed with the 

independent samples t-test, chi-square test, Fisher’s exact test for 

frequencies at or below 5, and the Wilcoxon’s rank sum test. 

Pearson’s correlation coefficient was calculated and multivariate 

analysis was used to evaluate the presence of associated 

variables. Significance was defined at the 0.05 level. 



Prime Archives in Medicine: 2
nd

 Edition 

10                                                                                www.videleaf.com 

Results  
 

The median in situ period untreated and silver-coated catheters 

were 138.9 (range, 1–1,845) and 115.0 (range, 4–1,348) days, 

respectively, (P = 0.653). Calculating the in situ times after 

classification for different age groups, it will be overt, that in 

patients older than 45 years, in situ times were significantly 

longer (P = 0.01) (Figure 1). Comparing the in situ times of 

untreated catheters after classification for in situ times, there was 

a tendency towards longer in situ times for the silver-coated 

catheters (Figure 2). In the median, catheters were used for 44 

(range, 1–670) treatment sessions. Untreated catheters were used 

for 51 (range, 1–625) treatments, silver-coated catheters for 39.0 

(range, 1–670, P = 0.849) treatment sessions. 

 
Figure 1: In situ times of treated and untreated catheters in patients after 

classification and age. 
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Figure 2: In situ periods of untreated and silver-coated catheters after 

classification for in situ times. 

 

Performing microbiologic examinations, some differences were 

overt. Of the untreated catheters tips, 55% cultured positive for 

bacteria. Of the cultures in patients with surface-treated 

catheters, 52% were positive, not significantly lower. Although 

untreated catheters showed a lower infection rate with 

Staphylococcus aureus, in treated catheters the infection rate 

with Staphylococcus epidermidis, pseudomonas, and others such 

as saprophytes were not significantly lower (Table 3). 

 
Table 3: Microbiological examinations of 105 untreated and 54 surface-treated 

catheters. 

 

Microorganisms Untreated (n) % Treated (n) %  P value 

Negative 47 45 26 48 n.s. 

S. aureus 31 29 21 38 n.s. 

S. epidermidis 7 7 1 2 n.s. 

Pseudomonas 1 1 0 0 n.s. 

Enterobacter 1 1 1 2 n.s. 

Others 18 17 5 10 n.s. 
 

 

Performing multivariate analysis, there was a strong association 

between catheters’ in situ period (R-square = 0.96), the number 
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of treatment sessions (β= 0.97, P < 0.001), and patients’ age (β 

=0.095, P = 0.002). There was no association between the in situ 

time and silver-coated/untreated catheters, results of the 

bacteriological examination, and patients diagnosis or outcome. 

Catheter malfunction or fibrin sheath formation as an outcome of 

both groups was not investigated. 

 

The decrease of the infection rate in surface-treated catheter in 

the preliminary study from 2001 cannot be seen in this presented 

study from 1992 to 2007. An explanation could be that all and 

more available data are now evaluated. The untreated catheters 

showed a higher positive culture for bacteria of 55% versus 52% 

to surface-treated catheters, but without significance. The 

procedure for both studies was the same. 

 

Discussion  
 

Catheter-related bacteremia and thrombosis are the most 

dangerous complications of large-bore catheter aside from 

accidental puncture of an artery. These catheter-related 

complications are contributing factors to increasing cost medical 

care. They are responsible for patient discomfort, morbidity, and 

occasional mortality. In addition to colonization, 

biocompatibility of a catheter material is an important 

contributing factor to a successful clinical outcome, particularly 

in catheters that remain in situ for several weeks or months. 

Though improved since the use of centrally placed catheters, the 

incidence of catheter clotting was previously very high. 

 

Infection rates range from 5 to 30% and the most bacteria found 

is the Staphylococcus aureus. These rates do not depend on the 

route of vascular access [39,40]. Catheter-related Staphylococcus 

aureus bacteremia is one of the main causes of morbidity and a 

preventable cause of death in hemodialysis. Patients on dialysis 

are at a high risk of Staphylococcus aureus bacteremia, and they 

have a four times higher mortality from central venous catheter-

related Staphylococcus aureus bacteremia than other patients 

[14,41,42]. As such, new surgical techniques, catheter materials, 

and therapeutic drugs, and sterile handling during the treatments 
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that influence performance and longevity of catheters are of great 

interest to the medical community [43,44]. 

 

These catheter-related complications are contributing factors to 

the increasing cost of medical care. They are responsible for 

patient readmissions and longer hospital stays as well as patients 

discomfort, morbidity, and occasional mortality. Feldman et al. 

calculated in 1996, the costs of the morbidity due to catheter 

infections will soon exceed $1 billion per year [45]. Therefore, 

he demanded to reduce vascular-access-related morbidity and 

that strategies must be developed not only to prevent and detect 

appropriately early synthetic vascular access dysfunction, but to 

better identify the patients in a whom radial arteriovenous fistula 

is a viable clinical option. Table 4 shows representative health 

care cost savings for hemodialysis catheters, given specific 

infection rates and potential infection rate reductions achieved by 

treated catheters [35]. The cost analysis was calculated using the 

literature and the available costs of different companies, which 

distribute these catheters [46]. 

 
Table 4: Potential health care cost reductions that could be achieved through 

the use of surface-treated catheters [46]. 

 

Device Hemodialysis Average infection (%) 

Annual usage (devices) 125,971  

Infection rate (%) 5–20 Rate: 12 

Cost ($) of complication 

(due to infection) 

3.517  

Cost ($) of coating 12  

Reduction of infections (%) 10–65 Reduction 40 

Market size (1997) ($) 12.6 million  

Price ($) of each device 

(surface treatment) 

120  

Savings ($) per year by using 

surface-treated devices 

17.7 milion Reduction 40 

 

To reduce infection rates and thrombogenicity, coated catheters 

and cuffs were investigated [47–52]. The clinical results of our 

preliminary investigations showed a significantly reduced 

infection rate in treated versus untreated catheters, a reduction of 

more than 75% [28]. With the silver surface treatment, a very 

smooth metallic surface was obtained, which was responsible for 

a lower thrombogenicity rate. The activation of coagulation 
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factors at the catheter surfaces was not investigated. Silver ions 

are bactericidal, therefore, no bacteria growth is possible on the 

treated catheter surface. The positive association between the in 

situ time of the catheters and the patients’ age maybe because of 

an alteration of the immune system in elderly patients, especially 

in hemodialysis patients. 

 

But in our retrospective study of all silver-coated catheters no 

significant reduction in infection rate, improvement, or life 

expectancy of silver-coated versus untreated catheters, which 

were inserted during 1992–2007, was observed. One reason can 

be that with the IBAD technology, only the outer surface is 

coated with silver. The postulated penetration of silver ions from 

the outer to the inner surface cannot be shown with these results. 

The only outer-surface-treated catheters with silver have no 

advantage in point of view of reducing infection rate and 

improvement of patients versus the untreated catheters. The 

handling of the catheters before, during, and after the 

extracorporeal treatments cannot prevent the contamination with 

bacteria, especially the untreated inner side. 

 

Based on these results, new materials must be developed, which 

should have better biocompatibility to reduce side effects so that 

they can be left in situ for a long time, because the part of 

dialysis in patients with vascular problems is increasing in the 

last decade, because the age of HD patients is permanently 

growing up. As the requirement for more and more artificial 

organs and/or organ replacements increases, especially in elderly 

patients, there will be a definite need for new materials with 

better biocompatibility and for suitable technologies to solve 

these infection, thrombosis, and medical problems to reduce the 

costs and get a better improvement of patients. 

 

This requirement shows perhaps the new developed catheter 

material, the microdomain-structured surface (PUR-SMA-coated 

catheters, Gambro, Germany) [28]. Microdomain surfaces are 

considered the most biocompatible because they mimic the 

structure of natural biological surfaces. Microdomain structures 

are used to match the multiple requirements for improved 

catheter surfaces, that is reduced thrombogenicity and improved 
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antimicrobial properties. An SMA-modified polyurethane 

coating consists of hydrophobic and hydrophilic microdomains 

in range below 50 nmm. Up to 50 percent of the SMA molecule 

is presented to the surface and creates microdomain structures 

surfaces. If the domains are below a critical dimension of 

approximately 100 nmm, theoretical considerations indicate that 

interaction with proteins, blood cells, or even bacteria will be 

unstable and therefore, not occur as frequently as on non-

microdomain structured surfaces. 

 

The new PUR-SMA coating prevents contact of blood 

components with barium sulfate, possibly leading to leaching as 

particles or dissolving in the surrounding media. The advantage 

of the PUR-SMA surface treatment is the coating of the inner 

and the outer surface in contrast to the ion-beam-based surface 

treatment technologies in which can be treated only the outer 

surface of the catheters. The preliminary results with these PUR-

SMA-coated catheters showed a good biocompatibility without 

any blood deposits and a low thrombogenicity and coagulation 

activity. The microbiological results were low and of those from 

the Spi-Argent catheters [53]. 

 

More new materials must be developed, which should have 

better biocompatibility to reduce side effects so that they can be 

left in situ for a long time, because the part of dialysis in patients 

with vascular problems is increasing in the last decade. As the 

requirement for more and more artificial organs and/or organ 

replacements increases, there will be a definite need for new 

materials with better biocompatibility and for suitable 

technologies to solve these infection, thrombosis, and medical 

problems to reduce the costs and get a better improvement of 

patients. But it appears impossible to create a surface with an 

absolute zero adherence due to thermodynamical reasons and 

due to the fact that a modified material surface is in vivo rapidly 

covered by plasma and connective tissue proteins. 

 

Therefore, other concepts of the prevention of implant-associated 

infections must involve the impregnation of the devices in the 

inner and outer surface with antibiotics, antimicrobial 

substances, and/or metals [54]. Another point is to understand 
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the processes leading to the development of catheter-related 

bacteremia in order to offer effective preventative and 

therapeutic possibilities [55]. 

 

Conclusion  
 

In a retrospective study from 1992 to 2007, outer-surface-treated 

catheters with silver versus untreated catheters in 159 patients, 

who needed a large-bore catheter, were investigated. The results 

of a preliminary study from 2001, which showed 75% decline in 

the infection rate with the surface-treated catheters, cannot be 

confirmed with the presented study. There was no association 

between the in situ time and silver-coated/uncoated catheters, 

results of the bacteriological examination, and patients diagnosis 

or outcome. One reason maybe that in the surface-treated 

catheters only the outer surface was coated with silver and 

another reason is the possibility of contamination by the 

handling during the extracorporeal treatments. Therefore, new 

materials and surface treatment technologies are needed to save 

health care costs for hemoldiaysis catheters, to reduce infection 

rates and thrombus formations and help to improve the patients 

outcome. 
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Abstract  
 

Introduction: Coagulation and fibrinolysis remain sparsely 

addressed with regards to acute respiratory distress syndrome 

(ARDS). We hypothesized that ARDS development might be 

associated with changes in plasma coagulation and fibrinolysis. 

Our aim was to investigate the relationships between ARDS 
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diagnosis and plasma concentrations of tissue factor (TF), tissue 

plasminogen activator (t-PA) and plasminogen activator 

inhibitor-1 (PAI-1) in mechanically ventilated patients at 

increased risk of developing ARDS.  

 

Materials and Methods: We performed an ethically approved 

prospective observational pilot study. Inclusion criteria: patients 

with PaO2/FiO2 < 300 mmHg admitted to the intensive care unit 

(ICU) for mechanical ventilation for 24 hours, or more, because 

of one or more disease conditions associated with increased risk 

of developing ARDS. Exclusion criteria: age below 18 years; 

cardiac disease. We sampled plasma prospectively and compared 

patients who developed ARDS with those who did not using 

descriptive statistics and chi-square analysis of baseline 

demographical and clinical data. We also analyzed plasma 

concentrations of TF, t-PA and PAI-1 at inclusion (T0) and on 

third (T3) and  seventh day (T7) of the ICU stay with non-

parametric statistics inclusive their sensitivity and specificity 

associated with the development of ARDS using receiver 

operating characteristic (ROC) curve analysis. Statistical 

significance: p < 0.05. 

 

Results: Of 24 patients at risk, six developed mild ARDS and 

four of each moderate or severe ARDS, respectively, 3 ± 2 

(Mean ± SD) days after inclusion. Median plasma concentrations 

of TF and PAI-1 were significantly higher at T7 in patients with 

ARDS, as compared to non-ARDS. Simultaneously, we found 

moderate correlations between plasma concentrations of TF and 

PAI-1, TF and PaO2/FiO2 and PEEP and TF. TF plasma 

concentration was associated with ARDS with 71% sensitivity 

and 100% specificity, a cut off level of 145 pg/ml and AUC 

0.78, p = 0.02. PAI-1 displayed 64% sensitivity and 100% 

specificity with a cut off concentration of 117.5 pg/ml and AUC 

0.77, p = 0.02. t-PA did not change significantly during the 

observation time. 

 

Conclusions: This pilot study showed that increased plasma 

concentrations of TF and PAI-1 might support ARDS diagnoses 

in mechanically ventilated patients after seven days in ICU. 
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Introduction 
 

Acute respiratory distress syndrome (ARDS) represents a severe 

respiratory failure characterized by hypoxia and non-hydrostatic 

pulmonary edema with bilateral opacities on frontal chest 

radiographs. Patients with ARDS require treatment in the 

intensive care unit (ICU) for respiratory support with continuous 

positive airway pressure (CPAP), or positive end-expiratory 

pressure (PEEP) of 5 cm H2O or higher in combination with 

mechanical ventilation [1-3]. Usually, ARDS occurs within one 

week of a triggering event [4, 5] and might be the result of a 

direct lung injury, as pneumonia, or an indirect lung injury, like 

septic shock [6-8].  

 

Incidence of ARDS displays large geographical differences 

[9,10]. A recent worldwide multicenter study showed that 10.4% 

of those admitted to participating ICUs and 23.4% of those 

requiring mechanical ventilation exhibited ARDS criteria. 

Hospital mortality varied between 34.9%, 40.3% and 46.1% for 

patients with respectively mild, moderate and severe ARDS [11]. 

This is consistent with mortality rates published by previous 

investigators [10,12,13]. Thus, despite a varying incidence, 

overall mortality from ARDS has not changed substantially 

during the last decade [14,15]. Consequently, identification of 

patients at risk should be prioritized with the aim to diagnose 

ARDS earlier, as recently proposed [16]. 

 

Several studies have focused on injury to the lung parenchyma, 

which then causes deteriorated gas exchange in ARDS [17-19]. 

In contrast, changes in homeostasis of coagulation and 

fibrinolysis have been sparsely investigated despite that their role 

in the evolution of this disease is beyond doubt. Investigators 

recently described a role in the interaction between lung 
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inflammation and the coagulation and the fibrinolytic systems 

for the commencement of ARDS [20,21].  

 

Inflammation modulates blood coagulation by activating C-

reactive protein, which stimulates monocytes and alveolar 

macrophages to generate tissue factor (TF) [5,22], and 

endothelial cells to produce plasminogen activator inhibitor-1 

(PAI-1) [23]. The combined effects can lead to disseminated 

intravascular coagulation (DIC) including formation of 

intravascular micro-thrombi and intra-alveolar fibrin deposits 

[5,23-25], subsequently increasing both dead-space ventilation 

and intrapulmonary shunting, both characteristic features of 

ARDS [24]. Consequently, we speculated that the circulatory 

level of TF, and the balance between inhibitors and activators of 

fibrinolysis, could be of help for the diagnosing of ARDS [22].  

 

In mechanically ventilated patients, whom we considered to be at 

increased risk of developing ARDS, we aimed to perform a pilot 

study to explore whether associations exist between diagnosis of 

ARDS and the plasma concentration of TF as the primary 

endpoint, and ARDS and plasma levels of PAI-1 and t-PA, 

respectively, as secondary endpoints. 

 

Material and Methods  
Patients Eligible for the Study  
 

Between November 2014 and February 2015, we transferred 33 

patients to the ICU of Pauls Stradins Clinical University Hospital 

(PSCU), Riga, Latvia, for mechanical ventilation because we 

considered them to be at increased risk of developing ARDS. 

After the Medical Ethics Committee of PSCU had approved the 

study protocol and the informed consent form (No. 18204-5 L), 

we screened the patients for suitability to participate in a 

prospective observational pilot study of the influence of plasma 

coagulation and fibrinolysis on the emergence of ARDS. We 

obtained informed consent from each one’s legal guardian prior 

to inclusion for those who were eligible for participation in the 

study. 
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According to their disease conditions, the patients were treated 

either with non-invasive pressure-controlled mechanical 

ventilation (NIV), or endotracheal intubation and mechanical 

ventilation with continuous positive airway pressure (CPAP) ≥ 5 

cm H2O, or positive end-expiratory pressure (PEEP) ≥ 5 cm H2O 

over 24 hours or more using Servo-I ventilators (Maquet 

Getinge, Group, Rastatt Germany). The patients received 

antibiotics, as required, based on the results of microbiological 

cultures and antibiotic resistance testing.  

 

Inclusion Criteria  
 

We included  patients with PaO2/FiO2 < 300 mmHg and with an 

increased risk of developing ARDS [24] because of one or more 

ARDS predisposing conditions causing either direct or indirect 

lung injury. The former included pneumonia or aspiration of 

gastric contents into the airways; the latter comprised of sepsis, 

acute pancreatitis, DIC, burns, drug overdose or trauma with 

circulatory shock and massive blood transfusions, as outlined by 

previous investigators [24]. The patients did not fulfill all the 

required ARDS criteria at the time of inclusion [2]. Those who 

fulfilled ARDS criteria within one week of the stay in ICU were 

randomized to an ARDS group, the others to a non-ARDS group.  

 

We divided those who fulfilled the clinical, radiological and 

cardiologic criteria of ARDS into mild - , moderate – or severe 

ARDS with the characteristics listed below. Mild ARDS: 200 

mmHg < PaO2/FiO2 ≤ 300 mmHg, CPAP or PEEP ≥ 5 cm H2O; 

moderate ARDS: 100 mmHg < PaO2/FiO2 ≤ 200 mmHg, PEEP ≥ 

5 cm H2O and severe ARDS: PaO2/FiO2 ≤ 100 mmHg, PEEP ≥ 5 

cm H2O, according to the definition [2]. 

 

Exclusion Criteria  
 

We excluded patients below 18 years of age, patients receiving 

mechanical ventilation with no ARDS predisposing condition, 

patients not fulfilling the study protocol, and patients from whom 

we did not get consent for participation. We also excluded 

patients after transthoracic echocardiography (ECHO) displaying 

ejection fraction (EF) <50% and right ventricular systolic 
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pressure > 35 – 40 mm Hg, and with a pulmonary artery 

occlusion pressure > 18 mm Hg, as measured if a Swan Ganz 

catheter was in place.   

 

Study Protocol  
 

We determined plasma concentrations of TF, t-PA and PAI-1 at 

enrollment (T0) and on the third day (T3) and the seventh day 

(T7) of the ICU stay. Moreover, we noticed ventilator settings 

including FiO2, tidal volume, airway plateau pressure and PEEP-

levels that were titrated by means of the trans-pulmonary 

pressure-volume curve displayed on the Servo-I ventilator, and 

the resulting readings of PaO2/FiO2 and lung mechanical 

parameters from every subject at the time of collection of plasma 

samples. We also recorded number of days on mechanical 

ventilation, ventilator-free days at day 30 of the stay in ICU and 

the 30-day mortality rate. 

 

We observed the patients in ICU for one week and compared 

plasma concentrations of coagulation and fibrinolysis biomarkers 

between those who developed ARDS and those who did not 

develop the disease (non-ARDS), as based on recent criteria [2]. 

Demographic and clinical data and direct and indirect ARDS risk 

factors were retrieved from the medical records of the patients. 

The severity of disease was scored at inclusion using the 

Sequential Organ Failure Assessment (SOFA) and the Acute 

Physiology and Chronic Health Evaluation (APACHE II) scores. 

In addition, we calculated Lung Injury Prediction Score (LIPS) 

for every patient at the day of inclusion (T0). 

 

Determination of Biomarkers of Coagulation and 

Fibrinolysis  
 

We collected blood from a peripheral vein into heparin tubes that 

we cool centrifuged (ELMI CM-6MT®, USA) for 5 minutes at 

3,000 x g. The plasma supernatant was removed from the spun 

samples and frozen at -70 °C until the time of analysis. Human 

tissue factor (TF)(CD264) with a normal range of from 12.5 

pg/ml to 400 pg/ml, was quantitatively assessed by means of an 

enzyme-linked immunosorbent assay (ELISA) test (Abcam
®
, 
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UK). Fibrinolysis markers, t-PA (normal range 15.6 – 1.000 

pg/ml) and PAI-1 (normal range 78 – 5.000 pg/ml) were 

analyzed with the same method using the platinum ELISA kit 

(eBioscience
®
, USA).  

 

In parallel, we analyzed standard coagulation tests (SCT) such as 

prothrombin index (PI), International Normalized Ratio (INR) 

and fibrinogen plasma concentration, as well as platelet count 

(PLT), which was analyzed by means of a Beckman Coulter LH 

750 Hematology Analyzer (Beckman Coulter International SA, 

Switzerland). Coulter LH 750 uses impedance technology to 

measure PLT count (normal range 150 - 450 x 10
9
/L). 

Fibrinogen plasma concentration was analyzed in citrated plasma 

(Multifibren U reagent, Siemens Healthcare Diagnostics, 

U.S.A.). The reference value is 1.8 - 3.6 g/L. PI was analyzed 

with a prothrombin complex assay (Lyophilized Dade
®
 and 

Innovin
®
 reagent, Siemens Healthcare Diagnostics, U.S.A.). PI 

normal range is 70 - 120%. APTT was analyzed in citrated 

human plasma (Pathrombin*SL reagent, Siemens Healthcare 

Diagnostics, U.S.A.). APTT normal range is 26 - 36 s. 

 

Statistical Analysis and Sample Size Calculations  
 

Statistical analyses was performed using SPSS Statistics 

(Chicago, IL, Version 20). We compared ARDS patients and 

non-ARDS patients and survivors and non-survivors of the 

disease. Data distribution was assessed using Shapiro-Wilk test 

or Kolmogorov Smirnov test, as appropriate. We used 

descriptive statistics for analysis of baseline demographics and 

clinical data, and Chi-square or Mann-Whitney Rank sum test to 

compare the difference between groups. If the F value was 

greater than critical, repeated measures ANOVA was followed 

by Holm-Sidak’s post hoc test for pairwise multiple comparisons 

to check for intragroup differences. For non-normally distributed 

data, the results were presented as boxes with median and 

interquartile range (IQR; 25–75 percentile) including vertical 

error bars for the 10% and 90% lowest and highest values, 

respectively. Correlations were presented as Spearman’s rs [26]. 

We performed receiver operating characteristic (ROC) curve 

analysis of coagulation - and fibrinolytic biomarkers including 
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calculations of area under the curve (AUC) for TF and PAI-1 to 

demonstrate their efficiency in supporting ARDS diagnosis. 

Spearman’s correlation coefficient also was calculated to analyze 

the relationships between coagulation/fibrinolysis markers and 

ventilation parameters. Statistical significance was defined as p < 

0.05. When required, we calculated sample sizes needed to reach 

significant differences (p < 0.05) in plasma concentrations of TF, 

PAI-1 and t-PA at a power of 80% between the ARDS group and 

the non-ARDS group. 

 

Results  
Clinical Course 
 

As depicted in Figure 1, we assessed 33 mechanically ventilated 

patients, considered to be at risk of developing ARDS, for 

suitability to the study. We excluded seven patients who died 

before they fulfilled all the requirements of the study protocol, 

and two patients from whom we did not get consent for 

participation.  

 

Table 1 displays demographic characteristics and clinical 

variables of 24 patients (21 men and 3 women) fulfilling 

inclusion criteria and all requirements of the protocol 

encompassing comorbidities, conditions predisposing for ARDS, 

severity scores and standard coagulation variables. Pneumonia 

(46%) was the most common underlying disease. However, 

neither ARDS nor non-ARDS patients displayed significant 

intergroup differences with regard to demographic data, 

comorbidities or predisposing conditions. Patients diagnosed 

with ARDS had significantly higher baseline values of SOFA, 

APACHE II and LIPS scores. Moreover, the ARDS group 

showed significant differences in systemic coagulation (elevated 

INR, lower PLT and fibrinogen plasma levels), but no clinical 

signs of DIC. The mean time for developing ARDS was 3 ± 2 

days after inclusion. Six patients developed mild ARDS, whereas 

moderate or severe ARDS occurred within one week of the 

inclusion in four patients each, thus constituting in all 58% of the 

population at risk. Days in ICU and ventilator-free days at Day 

30 displayed no intergroup differences. Total hospital mortality 
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and mortality at Day 30, reached 25%, but displayed no 

significant differences between the groups.  

  

 
 
Figure 1: Mechanically ventilated patients considered for eligibility to a 

prospective pilot study. 

Twenty-four patients fulfilled the study protocol. SCT, standard coagulation 

tests; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, 

Sequential Organ Failure Assessment; LIPS, Lung Injury Prediction Score. 



Prime Archives in Medicine: 2
nd

 Edition 

11                                                                                www.videleaf.com 

Table 1: Baseline Demographic Characteristics, ARDS Predisposing Factors and Mortality. 

  
Demographic data Totally, 

n=24 

ARDS 

n=14 

non-ARDS 

n=10 

p- value 

Age, years 54 ± 17 55 ± 15 53 ± 19 0.7 

Women, n (%) 3 (12) 2 (14) 1 (10) 0.8 

BMI 

 

26.4 ± 4.6 

 

24.7 ± 2.8 

 

27.2 ± 3.2 

 

0.4 

 

Comorbidities     

Hypertension, n (%) 

Diabetes mellitus, n (%) 

COPD, n (%) 

7 (29) 

4 (17) 

3 (12 

4 (29) 

2 (14) 

1 (7) 

3 (30) 

2 (20) 

2 (20) 

0.1 

0.6 

0.4 

Conditions predisposing for ARDS     

Pneumonia, n (%) 11 (46) 6 (42) 5 (50) 0.7 

Sepsis, n (%) 7 (29) 4 (29) 3 (30) 0.9 

Pancreatitis, n (%) 5 (21) 4 (29) 1(10) 0.3 

Massive transfusions, n (%) 1 (4) 0 1 (10) 0.2 

Severity scores     

SOFA, median (range) 4 (3.4- 6.1) 5 (4.6- 7.2) 3 (2.1- 4.9) 0.04 

APACHE II, median (range) 

LIPS median (range) 

23 (19- 28) 

5.8 (0.3 – 13) 

 

 

25 (22-28) 

8.1 ( 3 – 13) 

 

 

21 (19-24) 

4.9 ( 0.3 – 9) 

 

 

0.03 

0.01 

 

 

Coagulation status 

INR 

PLT (109/L)                            

Fibrinogen (mg/dl) 

ICU stay and mechanical ventilation 

1.18 ± 0.4 

172 ± 56 

283 ± 71 

 

 

1.2 ± 0.6 

136 ± 47 

261 ± 96 

 

 

1.12 ± 0.15 

213 ± 31 

312 ± 63 

 

 

0.03 

0.003 

0.02 

 

 

ICU days, n 12 ± 5 14 ± 7 11 ± 4 0.7 

Ventilator- free days, n 5 ± 3 4 ± 2 7 ± 4 0.4 

Mortality     

Hospital, n (%) 6 (25) 4 (29) 2 (20) 0.1 

30-day, n (%) 6 (25) 4 (29) 2 (20) 0.1 

 

Data are presented as mean ± SD, number (n) or median (range) 

APACHE II, Chronic Health Evaluation score; ARDS, acute respiratory distress syndrome; BMI, Body mass index; ICU, Intensive care unit; INR, International Normalized Ratio; LIPS, Lung Injury 

Prediction Score; n, number of patients; PLT, platelets; %, percent; range, lowest and highest value; SOFA, Sequential Organ Failure Assessment score 
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Table 2 displays ventilation parameters and PaO2/FiO2 at T0, T3 

and T7. Tidal volumes were significantly smaller at T0 and T7 in 

ARDS patients, as compared to the Non-ARDS group. Despite 

that plateau pressures were significantly higher in the ARDS 

group at T3 and T7, and PEEP also was significantly raised at the 

latter time point, these ventilator settings did not prevent a 

significant fall in PaO2/FiO2 in comparison with the non-ARDS 

group. 

 
Table 2:  Ventilation Variables at Inclusion (T0) and at the Third (T3) and 

Seventh (T7) Day of ICU Stay in ARDS and Non-ARDS Patients. 

 

Ventilation 

 settings 

ARDS 

N=14 

Non-ARDS 

N=10 

p-value 

 Median IQR Median IQR  

Tidal 

volume, l/min 

T0 

T3 

T7 

 

8.6 

7.8 

7.1 

 

7.1. – 

9.2 

6.7 – 8.9 

6.6 – 7.7 

 

10.1 

9.6 

8.7 

 

8.8 – 11.3 

8.9 – 10.1 

8.3 – 9.0 

 

0.01 

NS 

0.002 

Plateau 

pressure, 

cmH2O 

T0 

T3 

T7 

 

 

29 

30 

27 

 

 

22 – 35 

23 – 36 

21 – 34 

 

 

24 

26 

25 

 

 

21 – 27 

22 – 30 

20 – 31 

 

 

NS 

0.002 

0.012 

PaO2/FiO2  

T0 

T3 

T7          

 

158.5 

193.5 

179.5 

 

42 – 282 

94 – 362 

57 – 292 

 

183.2 

234 

284 

 

74 – 348 

58 – 358 

80 – 356 

 

NS 

NS 

0.03 

PEEP, 

cmH2O 

T0 

T3 

T7 

 

7 

7 

7 

 

5 – 11 

5 – 13 

5 – 13 

 

5 

5 

5 

 

3 – 7 

4 – 7 

2 – 6 

 

NS 

NS 

0.006 

 

Data are presented as Median and Interquartile range (IQR) 

ARDS, acute respiratory distress syndrome; cmH20, centimeters of water; 

FiO2, Fraction of inspired oxygen; kg, kilograms; ml, milliliters; N, number of 

patients; PaO2, Partial pressure of oxygen in blood; PEEP, positive end-

expiratory pressure; NS, not significant. 
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Comparison of Coagulation and Fibrinolysis in ARDS 

vs. Non-ARDS Patients  

 
Plasma concentrations of TF (Figure 2A) remained within 

normal range with no significant difference between ARDS and 

non-ARDS group at T0 (p = 0.229), but displayed marked 

intergroup differences at T3 (p = 0.043) and T7 (p=0.022). The 

ARDS group also showed intragroup differences in TF plasma 

concentrations between the highest value at T7 in comparison 

with those at T0 and T3, respectively (p < 0.001). In contrast, we 

found no significant intragroup differences in the plasma levels 

of TF in the non-ARDS group.  

 

Plasma levels of PAI-1 (Figure 2B) showed no intergroup 

differences at T0 and T3, but increased at T7 in the ARDS group, 

as compared with Non-ARDS group (p = 0.026). Plasma 

concentration of PAI-1 at T7 in the ARDS group was also 

increased in comparison with intragroup values at T0 (p = 0.016) 

and T3 (p = 0.017), but not no significant difference was found 

between the latter concentrations. Plasma levels of t-PA fell at T3 

(Figure 2C), but we noticed no significant differences within or 

between the groups. At T3, plasma concentration of t-PA was 295 

± 85 (mean ± SD) pg/ml in ARDS survivors vs. 516 ± 160 pg/ml 

in ARDS non-survivors, but the difference did not reach 

significance due to low sample size.   

 

We found significant correlations between plasma concentrations 

of TF and PAI-1 (r = 0.53; p = 0.008), TF and PaO2/FiO2 (r = - 

0.65; p = 0.001) and PEEP and TF (r = 0.55; p = 0.005) at time 

T7, as depicted in Figures 3A, 3B and 3C. 

 

In ARDS patients, a ROC analysis (Figure 4) showed 71 % 

sensitivity and 100 % specificity for an association with TF at T7 

with a cut off value of 145 pg/ml (AUC 0.782; p = 0.021;95% 

confidence interval (95%CI):  0.586 - 0.979. We also found an 

association with PAI-1 determined at the same time point with a 

sensitivity and specificity of 64% and 100%, respectively, with a 

cut off value of 117.5 pg/ml (AUC 0.775; p = 0.024, 95%CI:  

0.584 - 0.966.  
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Figure 2: Plasma Concentrations of Markers of Coagulation and Fibrinolysis in 

ARDS and non-ARDS Patients. 

A  Plasma concentration of Tissue factor (TF) vs. time in an ARDS group and a 

non-ARDS group. Data presented as median and interquartile range with 10th 

and 90th percentiles error bars. T0 is day of enrollment, T3 and T7, the third day 

and the seventh day of ICU stay.  *denotes intergroup p = 0,043 at T3 and 

p=0.022 at T7, respectively. # denotes ARDS intragroup p=<0.001 between T7 

and T0 and T3, respectively. pg/ml, picogram per milliliter; closed circles 

represent outliers. 

B Plasma concentrations of Plasminogen activator inhibitor-1 (PAI-1) vs. time 

in an ARDS group and a non-ARDS group. Data presented as median and 
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interquartile range with 10th and 90th percentiles error bars. T0 is day of 

enrollment, T3 and T7, the third day and the seventh day of ICU stay. *denotes 

intergroup p=0.026 at T7. # denotes ARDS intragroup p=0.016 between T7 and 

T0 and P=0.017 between T7 and T3. pg/ml, picogram per milliliter; closed 

circles represent outliers. 

C  Plasma concentration of tissue plasminogen activator (t-PA) vs. time in an 

ARDS group and a non-ARDS group. Data presented as median and 

interquartile range with 10th and 90th percentiles error bars. T0 is day of 

enrollment, T3 and T7, the third day and the seventh day of ICU stay. No 

significant intergroup or intragroup differences; closed circles represent 

outliers. 

  

Discussion  
 

In this prospective pilot study, 14 out of totally 24 patients 

considered to be at increased risk of ARDS, developed the 

disease within seven days of commencement of mechanical 

ventilation. Patients diagnosed with ARDS had significantly 

higher baseline severity scores in comparison with the non-

ARDS group, which could indicate a worse outcome. However, 

mortality did not differ significantly between groups (Table 1). 

In the ARDS group, PaO2/FiO2 reached nadir on the seventh day 

of the ICU stay, in parallel with significant changes in variables 

of coagulation and fibrinolysis. In patients diagnosed with 

ARDS, plasma concentrations of TF and PAI-1 increased 

significantly at T7, as compared with the non-ARDS group. The 

observation of increased TF is consistent with recent findings in 

patients with sepsis-induced ARDS [5]. Therefore, our findings 

suggest a role for these biomarkers as supportive diagnostic tools 

during the emergence of ARDS.  

 

Development of ARDS in a population at risk depends on both 

genetic predisposition and interaction between several biological 

pathways, including inflammation, coagulation and fibrinolysis 

[20]. We intentionally observed patients in the ICU for one week 

after inclusion for biomarker detection. This was inspired by 

observational studies suggesting that the majority of patients are 

identified with ARDS within 72 h of the recognition of risk 

factors, and nearly all within 7 days of hospital stay [23,26,27]. 

However, in spite of our efforts to keep low tidal volumes and to 

titrate PEEP to a point above the lower inflection of the trans-

pulmonary pressure-volume curve, yielding optimal 



Prime Archives in Medicine: 2
nd

 Edition 

16                                                                                www.videleaf.com 

oxygenation, both tidal volume and plateau pressure increased 

significantly at T7, and we were not able to prevent PaO2/FiO2 

from falling in the ARDS group. This is consistent with the 

derangements in oxygenation and lung mechanics in developing 

ARDS, as reported by other researchers [2,15].  

 

ARDS and Biomarkers of Coagulation and Fibrinolysis  
 

Investigators have focused on different biomarkers of ARDS 

[3,5,20,25], but so far, without significant preferences. Protein C 

plasma levels are reduced in patients with severe sepsis [27] and 

in victims of ARDS, due to a greater consumption of this 

anticoagulant and anti-inflammatory protein [20,21]. However, 

when it was discovered that replacement therapy with 

recombinant human activated protein C had no significant effect 

on survival, neither from severe sepsis nor from ARDS, the 

interest in protein C vanished [28,29]. Alterations in plasma 

coagulation and fibrinolysis have not yet been evaluated in view 

of the latest diagnostic criteria of ARDS that define ‘‘acute 

onset’’ as a condition developing within one week of a known 

insult, or a new  or worsening respiratory failure [30].  

 

We included patients during a one-year period since some of the 

conditions with increased risk of ARDS, like influenza and 

pneumonia have their seasonal peaks. To detect a possible 

significance of plasma concentrations of TF, PAI-1 and t-PA, as 

diagnostic markers, we studied an ICU population, which had 

increased risk of ARDS and required mechanical ventilation for 

at least 24 hours. Several researchers have suggested a potential 

association between TF and the occurrence of ARDS. TF 

appears to play a pivotal role both in regulating endothelial 

permeability and in activating the external coagulation pathway 

in severe infections [5,31,32]. Moreover, investigators 

demonstrated higher plasma TF levels in parallel with lower 

platelet counts and higher incidence of DIC in patients with 

ARDS, in whom the primary injury was trauma or sepsis [31]. 

Recently, Xue and co-workers found that, patients with sepsis-

induced ARDS had significantly higher levels of TF on the day 

of admission as compared with non-ARDS patients. The AUC 

for the diagnosis sepsis- induced ARDS was 0.749. These 
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investigators concluded that TF is an independent predictor of 

30-day mortality in patients with severe sepsis (OR 1.41; 95% CI 

1.24-1.69) with AUC 0.718 [5]. Consistent with the latter 

workers, we showed that TF increased significantly the seventh 

day after inclusion in the ARDS group as compared with non-

ARDS patients (Figure 2A). A ROC curve analysis displayed a 

sensitivity of 71% with AUC of 0.78, p=0.02, which indicates a 

fair test value in favor of diagnosing ARDS, according to the 

published criteria [2,5]. However, we did not observe any 

correlation between TF and DIC, since none of our patients was 

diagnosed with that condition. In contrast, TF plasma levels 

correlated moderately with ventilation parameters (Figures 3B 

and 3 C), most likely, because of a high proportion of patients 

with pneumonia (42%) in the ARDS group. Therefore, we 

consider TF to be a tool for supporting ARDS diagnosis, but 

without any predictive value since the increase in plasma 

concentration occurred after one week of ICU stay.  

 

In the present study, PAI-1 plasma concentration also increased 

significantly in ARDS patients on the seventh day of stay in ICU 

(Figure 2B). The rise in PAI-1 correlated slightly with a parallel 

increase in TF (Figure 3A) and ROC curve analysis (Figure 4) 

revealed a sensitivity of 64% with AUC of 0.775; p=0.024, 

which indicates a somewhat poorer test in favor of diagnosing 

ARDS, as compared with the corresponding test of TF. Previous 

investigators have noticed that ARDS patients exhibit early 

elevation of PAI-1 activity in both plasma and air spaces in 

concert with a decrease in alveolar fibrinolysis [33,34]. Thus, El 

Solh and co-workers showed that tracheal aspirate PAI-1 antigen 

levels, sampled eight hours after witnessed aspiration, increased 

by a fivefold in those who progressed to ARDS, as compared 

with those with uncomplicated aspiration pneumonitis [35]. The 

reason for the discrepancy between our results and those of the 

latter researchers, aside from different analytic techniques, could 

be that changes in tracheal aspirate PAI-1 antigen concentration 

occurs earlier as compared to the changes in plasma 

concentration [33]. 
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Figure 3: Correlations between Tissue Factor (TF) and Plasminogen activator 

inhibitor-1 (AI-1) and Ventilation Parameters on the Seventh Day (T7) of ICU 

Stay. 

A Relationship between plasma concentrations of TF and PAI-1 in 24 ICU 

patients. Data presented as Spearman’s correlation coefficient (r) with p - 

value. TF, Tissue factor; PAI-1, plasminogen activator inhibitor; pg/ml, 

picogram per milliliter.   

B Relationship between plasma concentrations of TF and PaO2/FiO2 in 24 ICU 

patients. Data presented as Spearman’s correlation coefficient (r) with p-value. 

PaO2, arterial oxygen partial pressure. FiO2, fraction of inspired oxygen. TF, 

Tissue factor; pg/ml, picogram per milliliter.  

C Relationship between plasma concentrations of TF and level of PEEP in 24 

ICU patients. Data presented as Spearman’s correlation coefficient with P 

value. PEEP, positive end-expiratory pressure; cmH2O, centimeter of water; 

TF, Tissue factor; pg/ml, picogram per milliliter.   
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Figure 4: ROC Curves Showing Sensitivity and Specificity of Tissue Factor 

and Plasminogen Activator Inhibitor-1 for ARDS Diagnoses on the Seventh 

Day (T7) of ICU Stay. 

ARDS group displaying 71 % sensitivity and 100 % specificity for association 

with plasma concentration of TF. Cut off value: 145 pg/ml; AUC 0.782; 

p=0.021; 95%CI: 0,586 - 0,979. Correspondingly, plasma concentration of PAI-1 

showed sensitivity and specificity of 64% and 100%, respectively, and a cut off 

value of 117.5 pg/ml; AUC 0.775; p=0.024; 95%CI:  0,584 - 0,966. AUC, area 

under the curve; 95%CI, 95% confidence interval; PAI-1, plasminogen activator 

inhibitor-1; ROC, receiver operating characteristics; TF, tissue factor. 

 

Lately, Sapru and co-workers demonstrated in pediatric patients, 

that increased plasma concentrations of PAI-1, as determined the 

day after diagnosing ARDS, were associated with increased 

mortality and fewer ventilator free days until Day 28 [25]. 

Furthermore, investigators who showed that plasma 

concentrations of PAI-1 increased from Day 0 to Day 3 after 

diagnosing ARDS, predicted death with an odds ratio of 1.66 (P 

= 0.006) [21]. Moreover, a prospective study of 50 patients with 

ARDS at an early stage, showed significantly higher PAI-1 

levels in those who died as compared with those who survived 

[20]. However, we confirmed none of the latter findings in this 

pilot study, which was underpowered for such investigations. 
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As an acute-phase protein, the serine protease inhibitor PAI-1 

binds covalently to t-PA, reduces formation of plasmin and 

impedes fibrinolytic bleeding. Moreover, recent experimental 

studies indicate that PAI-1 also plays a role in upregulating 

inflammation after exposure to lipopolysaccharides or avian flu 

virus in conditions like ARDS [36,37]. However, in the present 

study, when we compared the ARDS group with non-ARDS 

patients, we found no significant differences in t-PA levels 

during the first week after inclusion. Thus, whether t-PA is a 

predictive marker of ARDS is still not concluded, but this 

hypothesis was not supported in the present prospective pilot 

study.  

 

We admit that our study has several limitations because of the 

small number of patients included. For that reason, we could not 

expect to find significant differences between groups neither in 

ICU stay and mechanical ventilation, nor in mortality rates. 

Despite the fact that we found a lower plasma concentration of t-

PA at T3 in ARDS survivors in comparison with non-survivors, 

the test had a power of only 60 % due to low sample size. 

However, by keeping the ratio between the groups unchanged, 

an increase in sample size to 14 survivors and 6 non-survivors, 

would give a significant difference with a power of 80%. 

Correspondingly, to reach a significant intergroup difference in 

t-PAI with the same power at T7, would require a total sample 

size of 317 patients. Therefore, due to low sample sizes, we were 

not able to strengthen our findings by means of multivariate 

analysis. Since mean time to diagnosing ARDS was on the 

average three days, we also admit as a limitation of any 

predictive role, the fact that most of the patients already had 

ARDS at the time of plasma sampling at T3, whereas significant 

changes in TF and PAI-1 occurred first at T7. Nevertheless, our 

observations indicate a role for TF and PAI-1 as tools for 

supporting ARDS diagnosis, although significant changes 

occurred relatively late in the evolution of disease. 

 

We also denote as a weakness of this study that the ARDS 

patients incorporated many serious risk factors and comorbidities 

when admitted to the ICU. Therefore, those who were included 

had different lengths of hospital stays before admission to the 
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ICU. However, the prior history was not an issue for evaluation 

in the present study. 

 

According to ARDS definition [2], we should be able to identify 

patients with mild ARDS that potentially correlates with a better 

prognosis. However, besides a low number of patients included, 

we did not follow oxygenation variables often enough to be able 

to evaluate them properly against changes in ventilator settings, 

or other variables on an hourly basis. For the same reason, 

changes in concentrations of biomarkers that might have taken 

place, between the days of plasma sampling remain 

undiscovered. We also realize that sampling of broncho-alveolar 

lavage fluid, in parallel with the plasma samples, could have 

strengthened the findings, and maybe enabled the discovery of 

changes in biomarkers at an earlier time point. 

 

A limitation is also the course of ARDS development that may 

influence the changes in biomarkers and outcome significantly. 

We included only patients with high risk of developing ARDS, 

but even among them, particularly patients with severe 

pneumonia have a poor prognosis in comparison with victims of 

multi-trauma and/or those undergoing massive blood 

transfusions. Finally, due to limited sample sizes, the findings of 

this pilot study need confirmation in a larger randomized 

controlled multicenter trial.  

 

Conclusion  
 

Fourteen of 24 patients on mechanical ventilation whom we 

suspected to be at increased risk, developed ARDS on the 

average 3 days after admission to the ICU. Activation of the 

coagulation and the fibrinolytic systems in terms of increased 

plasma levels of TF and PAI-1 occurred on the seventh day of 

ICU stay in patients diagnosed with ARDS, thus indicating a 

supportive diagnostic role for these biomarkers. Our findings 

need confirmation in a larger randomized controlled multicenter 

trial.  
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Abstract 

 
Background: Neonatal hypothermia plays a significant role in 

increasing neonatal death by 80% for every 1 degree Celsius 

decrease of body temperature, especially in sub Saharan 

countries. A global burden of neonatal hypothermia indicated 

that 53% of Ethiopian newborns developed hypothermia due to 

different socio-demographic, behavioral, physiological and birth 

context related factors. However, the significance of these 

factors along the spectrum of public health institutions in the 

study area hasn’t been yet studied. 

 

Objective: To assess the prevalence and associated factors of 

neonatal hypothermia within six hours of delivery at public 

health institutions of Harar city, Eastern Ethiopia, 2018. 
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Methods: An institution based cross sectional study was 

conducted at Harar city after stratified followed by random 

selection of 3 public health institutions. Every other eligible 

newborn was included by systematic sampling to yield a sample 

of 403 newborns and their axillary temperature was measured by 

a calibrated digital thermometer within six hours of delivery 

from January 25 to February 19, 2018. A pre-tested anonymous 

questionnaire and checklist were used. The collected data were 

cleaned, coded and entered into Epi -data version 4.2 and 

exported to STATA version 12. Binary logistic regression model 

was considered and those variables with P < 0.25 in the 

bivariable analysis were included in to final model after which 

statistical significance was declared at P < 0.05. The goodness of 

fit was tested by Hosmer-Lemeshow statistic and Omnibus tests. 

Multi co-linearity was diagnosed using standard error and 

correlation matrix. 

 

Results: The prevalence of neonatal hypothermia in the study 

area was 66.3% (95% CI: 61.1, 70.5%). No skin to skin contact 

(AOR = 2.87, 95% CI:1.48, 5.57), no wearing cap (AOR = 2.10, 

95% CI:1.17, 3.76), no warm intra-facility transportation 

(AOR = 3.18, 95% CI: 1.84, 5.48), born to mothers having 

obstetric complication (AOR = 2.42, 95% CI:1.28, 4.57), 

prematurity (AOR = 3.37, 95% CI:1.53, 7.44) and neonatal 

health problem (AOR = 4.24, 95% CI:1.92, 9.34) were 

significantly associated with hypothermia. 

 

Conclusion: The prevalence of neonatal hypothermia was 

relatively high. Therefore, adherence should be made to the 

thermal care mainly the cost effective ones like wearing cap, 

skin to skin contact and warm transportation. 

 

Abbreviations  
 

AOR-Adjusted Odds Ratio; APGAR-Appearance, Pulse, 

Gremace, Activity, Respiration; C/S-Caesarean Section; CI-

Confidence Interval; COR-Crude Odds Ratio; CPR-Cardio 

Pulmonary Resuscitation; GA-Gestational Age; LBW-Low Birth 

Weight; NBW-Normal Birth Weight; NICU-Neonatal Intensive 
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Care Unit; SVD-Spontaneous Vaginal Delivery; WHO-World 

Health Organization 

 

Background  
 

According to World Health Organization, neonatal hypothermia 

is defined as an abnormal thermal state in which the newborn’s 

body temperature is below 36.5 °C [1]. It is classified into three 

different categories based on core temperature of a new-born 

below 36.5 °C measured as skin temperature in the axilla: mild 

hypothermia (36.0 °C–36.4 °C), moderate hypothermia (32.0 °C–

35.9 °C) and severe hypothermia (< 32.0 °C) [1-3]. For this 

study, hypothermia was defined as the newborn’s body 

temperature < 36.5 °C. 

 

Immediately after birth, neonates can lose heat through 

conduction, convection, evaporation and radiation that can cause 

a reduction of up to 2 °C of their body temperature within the 

first 10–20 min of birth [1]. Evaporative loss forms the major 

route of heat loss in the immediate newborns [1-4]. Therefore, if 

no action is taken immediately after delivery, the core and skin 

temperatures of a term neonate can decrease at a rate of 

approximately 0.1°c and 0.3°c per minute respectively due to 

their risky characteristics of large surface area per unit body 

weight [5,6], decreased subcutaneous fat, greater body water 

content, immature skin and poorly developed thermoregulatory 

mechanism [1,7,8]. Morbidity and mortality of newborns is 

uniformly higher among premature and low birth weight 

newborns as compared to their counter parts [9]. 

 

It is a common cause of neonatal morbidity and mortality, even 

in warmer tropical countries [4] and hence increasingly 

recognized as a risk factor for new-born survival [5]. Neonatal 

hypothermia is a worldwide problem with higher prevalence rate 

among low resource settings. In sub-Saharan countries, it 

increases neonatal death by 80% for every 1 degree Celsius 

decrease of body temperature because it affects all neonatal body 

systems [3]. It is a major co-morbid of prematurity, severe 

infections and asphyxia contributing much for the smallest 

decline in neonatal mortality rate of the Eastern Mediterranean 
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and the African regions [12]. A global burden of neonatal 

hypothermia indicated that 53% of newborns in Ethiopia 

developed hypothermia due to different socio-demographic, 

physiologic, contextual and behavioral factors [5,6,13-28]. 

However, the significance of these factors within six hours of 

delivery along the spectrum of public health institutions in the 

study area hasn’t been yet studied. 

 

Methods  
Study Area and Period  
 

This study was held in the capital city of Harari regional state, 

Harar, Eastern Ethiopia which is 525 km far from Addis Ababa 

and 48 km away from Dire Dawa city. The institutional delivery 

coverage of the region was 79%.There were 6 public health 

institutions that provide delivery service to the community [29]. 

The public health institutions in the city were first stratified into 

strata of specialized Hospital, General Hospital and Health 

center after which one specialized Hospital namely Hiwot Fana 

Specialized University Hospital, one General Hospital namely 

Jugal General Hospital and one Health Center namely Jenniela 

Health Center were selected randomly from each stratum 

respectively. The study was conducted from January 25/2018 

until February 19/2018. 

 

Study Design and Participants Characteristics  
 

A descriptive institutional based quantitative cross-sectional 

study design was conducted. All newborns that were within six 

hours of their delivery at public health institutions of Harar city 

together with their mothers were included in the study. However, 

abandoned newborns were excluded of the study because 

without maternal involvement it wasn’t possible to address most 

of the variables in the study. 

 

Sample Size Determination and Sampling Procedure  
 

The desired sample was determined by using double population 

proportion formula with the assumptions of 95% CI, 5% margin 

of error, 80% power, exposed to unexposed ratio 1:1, 10% non-
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response rate and an important variable of the study (skin to skin 

contact(P1): 75% and Didn’t have skin to skin contact(P2): 87%) 

[22]. The final sample size used for the study was 403. By using 

systematic random sampling, every other eligible live newborn 

was included into the study. 

 

Measurement and Data Collection Procedure  
 

Data collection was done by five diploma midwives after they 

were given one day training of data collection procedure. Data 

were collected carefully using a pretested and structured 

interviewer administered questionnaire that contained maternal 

socio-demographic characteristics and behavioral factors like 

skin to skin contact, breast feeding, immediate drying, newborn 

wrapping, cap wearing and warm intra-facility newborn 

transportation. Moreover, a checklist was used to obtain factors 

including maternal obstetric complication, neonatal age, birth 

weight, gestational age at birth, mode of delivery, time of 

delivery, APGAR score, resuscitation history and neonatal health 

problem. Axillary temperature of newborns was measured within 

six hours of delivery for 3 min of duration by using digital 

thermometer at either delivery or maternity ward. 

 

Data Quality Control  
 

The data collection tool was adopted and modified from studies 

conducted in Ethiopia, Nigeria, Tanzania and Uganda which 

passed through peer review for its validity and published [16-

18,22,24]. Moreover, a calibrated thermometer (model of MT-

101 MT-111) that had measurement accuracy of ±0.1 °C for the 

temperature range of (35.5–42.9 °C) and ± 0.2 °C for the 

temperature range of (32.0–35.5 °C or above 42 °C) was used 

[24]. The data collection tool was pretested just two weeks prior 

to the actual data collection using 20 newborns at the study area 

based on which some modifications were made to the originally 

prepared tool. One day training and clear orientation was 

provided for data collectors and supervisors on the process of 

data collection. During data collection, data collectors were 

closely monitored and guided by two BSC nurse supervisors for 

complete and appropriate collection of the data and reporting to 
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the principal investigator was done on a daily basis. The 

collected data were double entered into Epidata version 4.2 by 

two data clerks for validation purpose. The entered data were 

multivariate analyzed for statistical adjustment of possible 

confounders. 

 

Operational Definition  
Hypothermia  

 

A newborn was considered to be hypothermic when its axillary 

temperature was less than 36.50C [1,28]. 

 

Immediate Drying  

 

A newborn was considered to be immediately dried if and only if 

its skin was dried on maternal abdomen as soon as delivery prior 

to cord cutting using dry and pre-warmed towel [1]. 

 

Neonatal Health Problem  

 

Refers to presentation of the neonate with any problem that can 

trouble its health (congenital malformation, asphyxia, jaundice, 

respiratory distress, bleeding disorder, meconium aspiration 

syndrome, etc.) [1,28]. 

 

Proper Wrapping  

 

A newborn was considered as properly wrapped if and only if 

itswhole body including the head and the limbs were wrapped 

with the use of a pre-warmedand dry towel [1]. 

 

Warm Intra-Facility Transportation  

 

A newborn was considered as warmly transported if and only if 

it was taken from delivery unit to postnatal or neonatal intensive 

care unit while being in direct contact with its mother’s skin [1]. 
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Data Processing and Analysis  
 

The collected data were cleaned manually, coded and entered 

into Epi data version 4.2 and exported to STATA Version 12 

statistical software for data transformation and further analysis. 

Descriptive statistics like frequencies, proportion, and summary 

statistics (mean and standard deviation) were used to describe 

the study population in relation to relevant variables and 

presented in tables and graphs. Multi-collinearity between the 

study variables was diagnosed using standard error and 

correlation matrix. The assumptions for binary logistic 

regression model were first checked and then bivariate analysis 

was carried out to identify candidate variables (p < 0.25) for 

multivariate analysis. Using these candidate variables, 

multivariate analysis was performed to investigate statistically 

significant independent predictors of hypothermia by adjusting 

for possible confounders. Finally, variables whose p- value less 

than 0.05 (p < 0.05) from multivariate analysis were declared as 

statistically significant. Adjusted odds ratio with 95% CI was 

considered to identify the strength of association between 

neonatal hypothermia and its predictors. 

 

Ethical Consideration  
 

Ethical approval was obtained from the Institutional Health 

Research Ethics Review Committee of College of Health and 

Medical Sciences of Haramaya University. Official letter was 

obtained from Haramaya University and submitted to each 

Hospital and health center to get permission from the respective 

directors of the institutions. Before conducting the interview, an 

informed and voluntarily signed written consent (thumb print for 

those unable to write) was obtained from all the eligible mothers 

of the newborns. The thermometer was disinfected by 70% ethyl 

alcohol disinfectant with a damp cloth after every measure of 

axillary temperature of the newborn to prevent infection 

transmission. Hypothermic premature newborns and those with 

associated problems were helped for referral to neonatal 

intensive care unit for better management whereas those mildly 

and moderately hypothermic ones without medical problem were 

helped by rehabilitative thermal care measures like proper 
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wrapping, frequent breast feeding, skin to skin contact, closing 

doors and windows etc. Moreover, mothers were advised of 

thermal care measures on the way to their home and while at 

their home. 

 

Results  
Socio-Demographic Factors  
 

A total of 403 mothers with their neonates were included in the 

study making 100% response rate. The mean maternal age was 

32 years (SD = ±5.5) and more than half of the mothers (51.9%) 

were in the age group between 20 and 34 years of age. Two 

hundred twenty nine (56.8%) were rural residents. One hundred 

thirty two respondents (32.8%) were unable to read and write 

and 119(29.5%) of the respondents were farmers. Furthermore, 

258 respondents (64%) were multiparous (Table 1). 

 
Table 1: Socio-demographic characteristics of mothers who gave alive birth at 

public health institutions of Harar city, Eastern Ethiopia, 2018. 
 

Variables 

(n = 403) 

Category Frequency Percentage 

(%) 

Residence Urban 174 43.2 

Rural 229 56.8 

Ethnicity Oroomo 155 38.5 

Amhara 108 26.8 

Harari 58 14.4 

Guraghe 48 11.9 

Tigray 28 6.9 

Other 6 1.5 

Religion Muslim 178 44.2 

Orthodox 134 33.3 

Protestant 84 20.8 

Other 7 1.7 

Age < 20 12 3 

20–34 208 51.6 

35–49 183 45.4 

Educational 

status 

Unable to 

read and 

write 

132 32.8 

Primary 

education 

131 32.5 

Secondary 

education 

37 9.2 
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Diploma and 

above 

103 25.6 

Occupational 

status 

Housewife 54 13.4 

Government 

employee 

104 25.8 

Private 

employee 

116 28.8 

Student 10 2.5 

Farmer 119 29.5 

Parity Primiparous 145 36 

Multiparous 258 64 

 

Behavioral Factors  
 

Three hundred four (75.4%) of the newborns were born to 

mothers who had antenatal care. Almost all of the newborns, 

390(96.8%), were immediately dried. More than half of the 

newborns, 207 (51.4%), weren’t wrapped properly. Nearly three-

fourth of the newborns, 301 (74.7%) weren’t made in contact 

with their mother’s skin. One hundred eighty seven newborns 

(46.4%) didn’t wear cap. Breastfeeding was initiated within one 

hour of birth for 287 newborns (71.2%) and 251(62.3%) 

newborns weren’t warmly transported from delivery ward to post 

natal or NICU (Table 2). 

 
Table 2: Behavioral factors of hypothermia among newborns that were born at 

public health institutions of Harar cty, Eastern Ethiopia, 2018. 

 

Variable (n = 403) Category Frequency Percentage (%) 

Had antenatal care Yes 304 75.4 

No 99 24.6 

Immediate drying Yes 390 96.8 

No 13 3.2 

Skin to skin contact Yes 102 25.3 

No 301 74.7 

Proper wrapping Yes 196 48.6 

No 207 51.4 

Wearing cap Yes 216 53.6 

No 187 46.4 

Breastfeeding within an 

hour of birth 

Yes 287 71.2 

No 116 28.8 

Warm intra-facility 

newborn transportation 

Yes 152 37.7 

No 251 62.3 
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Birth Context Related Factors  
 

It was during the day time that more than half of the newborns, 

213(52.9%), were delivered. Furthermore, 257(63.8%) of the 

newborns were delivered through spontaneous vaginal delivery. 

Most of the newborns were delivered at the specialized 

University Hospital (Table 3). 

 
Table 3: Birth context related factors of hypothermia among newborns that 

were born at public health institutions of Harar city, Eastern Ethiopia, 2018. 

 

Variable 

(n = 403) 

Category Frequency Percentage 

(%) 

Delivery time Day time 213 52.9 

Night time 190 47.1 

Delivery mode SVD 257 63.8 

Instrumental 34 8.4 

C/S 112 27.8 

Place of delivery Health Center 48 11.9% 

General Hospital 105 26.1% 

Specialized 

Hospital 

250 62.0% 

 
Newborn Physiology Related Factors  
 

The average neonatal age was 3.37 h (SD = ±1.72) while the 

average birth weight was 2.94Kg (SD = ±0.63). Moreover, the 

average gestational age at birth was almost 38 weeks 

(SD = ±2.52) with an average fifth minute APGAR score of 7 

(SD = ±1.60). Male newborns, 202 (50.1%), were almost equal 

to females, 201(49.9%). Majority of the newborns, 347(86.1%), 

were born single. One hundred four (25.8%) of the total 

newborns were born with health problems. From the overall 

newborns, one hundred nineteen (29.5%) were born to mothers 

who had obstetric complication during pregnancy or labor 

and/delivery. From these complications, preeclampsia/eclampsia 

disorders comprises the highest percentage, 63(52.9%), followed 

by PROM/Sepsis 23(19.3%), APH, 19(16%), 

Obstructed/prolonged labor, 12(10.1%) and PPH, 2(1.7%) 

respectively. Forty (9.9%) of the newborns were given Cardio-

Pulmonary Resuscitation after their birth (Table 4). 
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Table 4: Physiological factors of hypothermia among newborns that were born 

at public health institutions of Harar city, Eastern Ethiopia, 2018. 

 

Variable 

(n = 403) 

Category Frequency Percentage 

(%) 

Sex Male 202 50.1 

Female 201 49.9 

Age (hours) (0–2] 142 35.2 

(2–4] 119 29.5 

(4–6] 142 35.2 

Number of 

newborns 

Single 347 86.1 

Twin 56 13.9 

Birth weight 

(Kg) 

< 2.5 (low 

birth 

weight) 

81 20.1 

≥2.5 322 79.9 

Gestational 

age at birth 

(weeks) 

< 37 weeks 

(preterm) 

99 24.6 

≥37 weeks 304 75.4 

APGAR 

score 

Low 25 6.2 

Moderate 99 24.6 

Normal 279 69.2 

Neonatal 

medical 

problem 

Yes 104 25.8 

No 299 74.2 

Maternal 

obstetric 

complication 

Yes 119 29.5 

No 284 70.5 

Cardio-

pulmonary 

resuscitation 

given 

Yes 40 9.9 

No 363 90.1 

 

Prevalence of Neonatal Hypothermia 
 

The prevalence of neonatal hypothermia among newborns who 

were delivered at public health institutions of Harar city was 267 

(66.3%) [95% CI: 61.1, 70.5%)] with mean axillary temperature 

of 36.24 degree Celsius (SD = ±0.69) (Figure 1). Majority of the 

hypothermic newborns, 150(56.2%), were mildly hypothermic 

whereas the rest 117(43.8%) were moderately hypothermic. The 

prevalence of hypothermia was highest, 94(90.4%), among 

newborns that had health problem(s) (Figure 2). These problems 

were respiratory distress syndrome 39(37.5%), hypoglycemia 

33(31.7%), perinatal asphyxia 25(24.0%), meconium aspiration 
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syndrome 16(15.4%), congenital malformation 14(13.5%), early 

onset neonatal sepsis 12(11.5%) and jaundice 8(7.7%). 

Moreover, hypothermia was found to be more prevalent among 

preterm newborns (86.9%) than term ones (59.5%) as shown 

from the cross tabulation (Table 5). Regarding newborns with 

perinatal asphyxia, it was found that all the perinatally 

asphyxiated newborns were hypothermic which may be due to 

the fact that these newborns can’t generate heat as they are in 

scarce of oxygen (hypoxia) [Figure 3]. From the scatter plot of 

their exact body temperature, it can also be easily understood 

that nearly all the perinatally asphyxiated newborns were 

moderately hypothermic with a median body temperature of 

34.1 °C and IQR of 2.35 °C (Table 6). 

 

 
 
Figure 1: Prevalence of hypothermia among newborns that were within six 

hours of delivery at public health institutions of Harar city, 2018. 
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Figure 2: Comparison of hypothermia with respect to the presence of neonatal 

health problem among newborns who were delivered at public health 

institutions of Harar city, Eastern Ethiopia, 2018 

 

Table 5: Cross tabulation of gestational age by thermal status among newborns 

that were delivered at public health institutions of Harar city, Eastern Ethiopia, 

2018. 

 
  Thermal status Total 

Hypothermic Non hypothermic 

Gestational age Preterm 86 13 99 

Term 181 123 304 

Total 267 136 403 

 

 
Figure 3: Scatter plot of the exact body temperature of perinatally asphyxiated 

newborns who were delivered at public health institutions of Harar city, Eastern 

Ethiopia, 2018 
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Table 6: Median and IQR of the exact body temperature for perinatally 

asphyxiated newborns that were delivered at public health institutions of Harar 

city, Eastern Ethiopia, 2018. 

 

N Valid 25 

Missing 0 

Median 34.10 

Percentiles 25 32.85 

50 34.10 

75 35.20 

* IQR = 35.20 °C-32.85 °C = 2.35 °C 

 

Predictors of Neonatal Hypothermia  
 

Newborns who weren’t made in skin to skin contact with their 

mothers after delivery were 2.9 times more likely to be 

hypothermic as compared to those who had skin to skin contact 

(AOR = 2.87,95% CI: 1.48, 5.57). Newborns who didn’t wear 

cap were 2 times more likely to be hypothermic when compared 

to those who were dressed with cap (AOR = 2.10, 95% CI: 1.17, 

3.76). Newborns who weren’t warmly transported from one unit 

(delivery) to the other (postnatal unit or NICU) were 3.2 times 

more likely to be hypothermic when compared to those warmly 

transported ones (AOR = 3.18, 95% CI: 1.84, 5.48). Those 

newborns who were born to mothers having obstetric 

complication were 2.4 times more likely to be hypothermic as 

compared to those born to mothers without any obstetric 

complication (AOR = 2.42, 95% CI: 1.28, 4.57). Preterm 

newborns were 3.4 times more likely to be hypothermic as 

compared to term ones (AOR = 3.37, 95% CI: 1.53, 7.44). 

Moreover, newborns with health problems were about 4 times 

more likely to be hypothermic in relative to those who didn’t 

have any problem (AOR = 4.24, 95% CI: 1.92, 9.34) (Table 7). 
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Table 7: Predictors of neonatal hypothermia among newborns that were born at public health institutions of Harar city, Eastern Ethiopia, 2018. 

 

Variable(n = 403) Hypothermic (267) Non hypothermic (136) COR (95%CI) AOR (95%CI) 

F (%) F (%) 

Skin to skin contact 

 Yes 31 (30.4%) 71 (69.6%) 1.0 1.0 

 No 236 (78.4%) 65 (21.6%) 8.32 (5.03, 13.76) 2.87 (1.48, 5.57) *** 

Wearing cap 

 Yes 112 (51.9%) 104 (48.1%) 1.0 1.0 

 No 155 (82.9%) 32 (17.1%) 4.50 (2.83, 7.16) 2.10 (1.17, 3.76)* 

Proper wrapping 

 Yes 99 (50.5%) 97 (49.5%) 1.0 1.0 

 No 168 (81.2%) 39 (18.8%) 4.22 (2.70, 6.60) 1.48 (0.83, 2.64) 

Early breast feeding 

 Yes 179 (62.4%) 108 (37.6%) 1.0 1.0 

 No 88 (75.9%) 28 (24.1%) 1.90 (1.16, 3.09) 1.63 (0.88, 2.99) 

Warm transportation 

 Yes 69 (45.4%) 83 (54.6%) 1.0 1.0 

 No 198 (78.9%) 53 (21.1%) 4.49 (2.89, 6.98) 3.18 (1.84, 5.48) *** 

Obstetric complication 

 Yes 100 (84%) 19 (16%) 3.69 (2.14, 6.36) 2.42 (1.28, 4.57) ** 

 No 167 (58.8%) 117 (41.2%) 1.0 1.0 

Birth weight (Kg) 

  < 2.5(LBW) 69 (85.2%) 12 (14.8%) 3.60 (1.88, 6.92) 1.20 (0.51, 2.82) 

  ≥ 2.5 (NBW) 198 (61.5%) 124 (38.5%) 1.0 1.0 

Gestational age (weeks) 

  < 37(pre-term) 86 (86.9%) 13 (13.1%) 4.50 (2.40, 8.41) 3.37 (1.53, 7.44) *** 

  ≥ 37(Term) 181 (59.5%) 123 (40.5%) 1.0 1.0 

Neonatal health problem 

 Yes 94 (90.4%) 10 (9.6%) 6.85 (3.43, 13.67) 4.24 (1.92, 9.34) *** 

 No 173 (57.9%) 126 (42.1%) 1.0 1.0 

*Significant at 0.013, **significant at 0.007 and *** significant at < 0.004 
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Discussion  
 

The prevalence of neonatal hypothermia among newborns in the 

study area was 66.3% which was almost similar with studies 

conducted in Nigeria (62%), Addis Ababa (64%), Bahir Dar, 

Northwest Ethiopia (67%) and Gondar, Northwest Ethiopia 

(69.8%). This prevalence was lower than studies conducted at 

Babol, Iran (84.5%), Zimbabwe (85%), and Uganda (83%), but 

higher than studies conducted in Tehran, Islamic Republic of 

Iran (53.3%), South Africa (21%), Guinea Bissau (8.1%) and 

Tanzania (22%) [10,16,22,24-26]. This variation might be due to 

differences in the temperature measuring instrument, study 

design, temperature measurement site, sociocultural and 

ecological factors between the study areas. 

 

This study revealed that newborns with health problems were 

about 4 times more likely to be hypothermic in relative to those 

who didn’t have. This might be due to the fact that newborns 

with problems are less likely to breastfeed effectively which 

makes them to be hypoglycemic that in turn results in 

hypothermia. It may also be due to another fact that newborns 

with problems can’t take up and utilize oxygen effectively for 

heat energy production. This finding is almost consistent with 

the study held at Gondar University Hospital, Northern Ethiopia 

[16]. 

 

Moreover, the study revealed that preterm newborns were 3.4 

times more likely to be hypothermic as compared to term ones. 

The possible reason may be due to the fact that preterm 

newborns have thinner and more immature skin that increases 

heat loss through radiation, poor hypothalamic control of their 

body temperature, lack of efficient neural mechanisms for 

temperature control by shivering, decreased glycogen stores, 

decreased subcutaneous fat for thermal insulation, less brown fat 

tissue, decreased ability to breastfeed effectively and decreased 

ability to regulate their body temperature through non-shivering 

thermogenesis [1,8,11,23]. This finding was congruent with a 

study done at Addis Ababa, Ethiopia and Southern Nepal 

[21,24]. 
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Those newborns that were born to mothers with obstetric 

complication were 2.4 times more likely to be hypothermic as 

compared to those born to mothers without any obstetric 

complication. This could be due to newborns that were born to 

mothers with obstetric complication usually have health 

problems (respiratory distress, perinatal asphyxia, hypoglycemia, 

etc.). Moreover, newborns of mothers with obstetric 

complication are often born preterm and/ low birth weight 

[8,27]. This finding is consistent with a Californian cross-

sectional data analysis [20]. 

 

Newborns who didn’t wear cap were 2 times more likely to be 

hypothermic when compared to those who were dressed with cap 

and it was comparable with the study held at southern Nepal 

[21]. This could be due to their large head with open fontanels 

and sutures which contribute to almost 25% of neonatal heat loss 

unless dressed with cap [1]. 

 

Newborns that weren’t made in skin to skin contact with their 

mothers after delivery were almost 3 times more likely to be 

hypothermic as compared to those who had skin to skin contact. 

This may be due to the warm chain principle that there is no 

transfer of heat from mother to the newborn unless the newborn 

is in direct contact with its mother’s skin. Skin to skin contact is 

more effective than incubator care for re-warming the newborn. 

It may also be due to the maternal chest and abdominal 

movement that stimulates the newborn for enhanced breathing 

which improves heat generation through oxidative 

phosphorylation [1,8]. This finding is almost consistent with 

Ethiopian studies conducted at Addis Ababa (AOR = 4.39, 95% 

CI: 2.38, 8.11) and Gondar, North west Ethiopia (AOR = 2.81, 

95%CI: 1.40, 5.66) [16,24]. On the other hand, the prevalence of 

hypothermia among newborns of the study area that weren’t 

made in skin to skin contact (78.4%) was lower than a Ugandan 

study that showed the prevalence of hypothermia being 87% 

among newborns without skin to skin contact [22]. This 

discrepancy might be due to differences in the thermometric site, 

type of thermometer, maternal awareness of the advantages of 

skin to skin contact and study period (seasonal variations). 
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Newborns that weren’t warmly transported from delivery unit to 

postnatal or neonatal intensive care unit were 3.2 times more 

likely to be hypothermic as compared to those warmly 

transported ones. This may be due to the convective and radiant 

heat loss when newborns aren’t kept in contact with their 

mothers’ skin during transportation [1,8]. 

 

Limitation of the Study  
 

The study lacks support of qualitative data. As this study was 

conducted only in the summer season, it couldn’t show the 

significance of seasonal variation for neonatal hypothermia. 

Moreover, the results may not be representative of the entire 

newborns in Ethiopia due to a small sample size consideration in 

this study. Besides, the impact of air temperature of the delivery 

and postnatal units wasn’t considered due to absence of inbuilt 

thermostat and humidity control in the studied public health 

institutions. The study also shares drawbacks of a cross-sectional 

design. 

 

Conclusion  
 

The prevalence of neonatal hypothermia in the study area was 

relatively high. Furthermore, it was found that wearing cap; 

having skin to skin contact and warm intra-facility newborn 

transportation were significantly associated with decreased odds 

of hypothermia whereas neonatal health problems, prematurity 

and born to mothers with obstetric complication were associated 

with increased odds of hypothermia. 

 

Based on the Study Finding, the Following Public 

Health Measures were recommended 

For Maternity and Neonatal Health Care Providers  
 

Neonatal care providers should adhere to the routine practice of 

warm chain by giving most prioritized attention to newborns 

with health problems, preterm newborns and those born to 

mothers with obstetric complication. Mothers should also be 
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oriented of thermal care during their antenatal care, while they 

are at labor, delivery and postnatal unit. 

 

For the Public Health Institutions  
 

Every delivery room should have its own thermostat and 

humidity control so that labor and delivery personnel can adjust 

the thermostat as needed for any delivery. Delivery room 

temperature and humidity should be documented at the time of 

each delivery. Each newborn’s temperature should also be 

measured and recorded as soon as possible after birth and then 

every 10–15 min. The postnatal and neonatal intensive care units 

should be suitably arranged to the delivery unit so that mothers 

can’t be in difficulty of skin to skin contact during intra-facility 

transportation. The practice of warm chain should also be 

supervised on a regular basis. 

 

For Researchers  
 

The authors recommend a follow up study supplemented with 

qualitative data mainly to identify the significance of some 

factors like seasonal variation. 
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Abstract  
 

Chronic lymphocytic leukemia (CLL) is the most common form 

of leukemia in the western adult population; it is also prevalent 

worldwide. The B cell lymphoma-2 (BCL-2) family proteins 

play a key role in regulating intrinsic apoptosis and, in many 

cancers, are the main culprits behind tumor survival and therapy 

resistance. Hence, the role of BCL-2 inhibitors is very beneficial 

in the treatment of CLL. Venetoclax is the first selective, orally 

bioavailable BCL-2 inhibitor. 

 

This review article discusses factors such as the 

pharmacokinetics, pharmacodynamics, acquired resistance to 

venetoclax, responders vs. non-responders in venetoclax 

monotherapy, and the synergistic role of venetoclax with other 

drugs in detail. Venetoclax is the first BH3 mimetic drug 

and selective BCL-2 inhibitor that has received FDA approval. 

This drug has proved to provide good therapeutic responses in 

CLL patients irrespective of the presence of adverse clinical or 

genetic features, including in patients with relapsed or 

refractory forms of CLL. We anticipate that novel combination 

therapies, including venetoclax and immunotherapy, will further 

alter the treatment landscape for patients with relapsed CLL, 

particularly for those with deletion 17p (del 17p) CLL, which 

carries a very poor prognosis. 

 

Introduction & Background  
Chronic Lymphocytic Leukemia  
 

Chronic lymphocytic leukemia (CLL) is a hematological 

monoclonal neoplastic disorder. It is the most common form of 

leukemia in the western adult population [1], accounting for 

approximately 30% of all leukemias in this group [2]. It is 

characterized by the proliferation of incompetent, poorly formed, 



Prime Archives in Medicine: 2
nd

 Edition 

3                                                                                www.videleaf.com 

and dysfunctional CD5/CD23-B lymphocytes, thereby leading to 

their accumulation in the peripheral blood, lymphoid tissues, and 

bone marrow, resulting in lymphocytosis, lymphadenopathy, 

splenomegaly, and leukemia cell infiltration of the marrow [3]. 

 

CLL represents 22-30% of all leukemias worldwide, with an 

incidence between <1 and 5.5 per 100,000 people per year. 

According to a study carried out in 2004, the countries with the 

highest incidence rates were Australia, the United States (US), 

Ireland, and Italy [4]. In the US, the annual incidence of CLL is 

nearly 4.6 cases per 100,000 persons/year, with 4,500 deaths and 

>15,000 newly diagnosed cases reported per year. In 2015, there 

were approximately 14,620 new CLL cases reported in the US 

alone [5]. More than 95% of patients were older than 50 years, 

with a median age at diagnosis of 71 years [2]. The occurrence is 

slightly more common in males than in females of the same age 

group [3] and is less frequent in individuals with Asian and 

Middle Eastern ancestry [6]. 

 

Treatment Strategy  
 

Multiple factors must be taken into consideration before 

treatment selection. These include the patient’s condition at 

diagnosis, clinical stage of the disease, response to previous 

chemotherapy, and the molecular and cytogenetic makeup of the 

patient. For example, in those with deletion 17p (del 17p) CLL, 

options that lead to therapeutic responses are fewer; hence, 

selecting a suitable treatment option for this population is critical 

[7]. A wide variety of treatment options are available for patients 

with CLL. These include chemotherapy, a combination of 

chemotherapy and immunotherapy, and drugs that target the 

signaling pathways that facilitate the growth and survival of CLL 

cells [e.g., B cell antigen receptor (BCR) signaling and B-cell 

lymphoma-2 (BCL-2)] [8]. Currently, the first-line treatment for 

patients in good condition and without significant comorbidities 

is predominately chemotherapy (chlorambucil, fludarabine, 

cyclophosphamide, and bendamustine) and combination therapy 

with monoclonal antibodies to CD20 (rituximab). According to 

the CLL 3 Trial, the fludarabine plus cyclophosphamide (FC) 
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and cladribine plus cyclophosphamide (CC) regimens have 

similar therapeutic efficacy as the first-line treatment of CLL [9]. 

 

Proto-oncogenes, particularly BCL-2 genes, are mainly 

responsible for the resistance to programmed cell death seen in 

patients with CLL [10]. It is interesting to note that BCL-2 

expression is increased in 95% of the patients with CLL [11]. 

One of the important factors that result in overexpression of 

BCL-2 is the hypomethylation of the BCL-2 gene, which leads 

to an increase in the activity, as indicated by histone H3 lysine 

27 (H3K27) acetylation chromatin analysis. The absence of 

micro RNA due to post-transcriptional regulation and an increase 

in the expression of myeloid cell leukemia 1 (MCL1) protein 

maybe the other mechanisms of resistance [12,13]. BCL-2 

overexpression results in the formation of aberrant signaling 

pathways, which lead to the proliferation and survival of BCL-2 

cells. This has been explained by a transgenic mouse model of 

t(14;18) translocation where the overexpression of BCL-2 led to 

the activation of the nuclear factor-kB (NFkB) pathway or 

the overexpression of tumor necrosis factor (TNF)-receptor-

associated factor2 (TRAF2) led to the activation of NF-kB and c-

Jun N-terminal kinase (JNK). It was found that only those mice 

with both t(14;18) and TRAF2 overexpression developed an 

aggressive form of CLL [14]. This model closely mimics CLL, 

in which NF-kB is also inherently activated [15]. 

 

Venetoclax  
 

BCL-2 family proteins play a crucial role in regulating intrinsic 

apoptosis and are the main culprits behind tumor survival and 

therapy resistance in many cancers [16,17]. Therefore, the role of 

BCL-2 inhibitors is very beneficial in the treatment of CLL [18-

21]. Venetoclax is the first selective, orally bioavailable BCL-2 

inhibitor. The molecular weight for venetoclax is 868 Da. The 

main advantage of venetoclax over other agents is that it has a 

high binding affinity for BCL-2 receptors and it very selectively 

inhibits BCL-2, maintaining anti-apoptotic activity in cancer 

cells ()[22]. Monotherapy with this agent facilitates a rapid 

reduction in the disease burden with a high overall response of 

about 80% and a complete response of 6-20% in patients with 
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relapsed or refractory CCL, including those with 

chromosome 17p deletions [18,20]. 

 

 
 

Figure 1: Structure of venetoclax  

 

Review  
Pharmacokinetics  
 

The study of chemotherapeutic drugs on healthy volunteers has 

always been a daunting task. However, phase I and II trials have 

provided useful insights into the pharmacology of venetoclax. 

The half-life of venetoclax after administration of a single dose 

of 50 mg is about 16-19 hours, and it is highly plasma protein-

bound (>99%) [18,23,24]. Clinical trials have shown that a 

steady-state is typically achieved within a week with daily 

dosing, associated with minor, non-problematic accumulation in 

the body [23,24]. In a study conducted on 505 subjects, the 

volumes of distributions at steady-state were calculated at 321 

(95% CI: 288-340) and 256 (95% CI: 228-276) in the male and 

female cancer patients, respectively. This indicates its large 

volume of distribution and extensive tissue binding capacity; 

and It is predominately metabolized by CYP3A. Apparently, 

total clearance of the drug from plasma after oral administration 

(Cl/F) decreases to 19% in the case of moderate CYP3A 

inhibitors, and it can further decrease to 84% in the case of 

potent CYP3A inhibitors [25]. 
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The bioavailability of venetoclax is dependent on food and 

dosage [26]. Peak concentrations are achieved after four to five 

hours of administration in fasting patients and delayed by 

approximately two hours when taken with a meal. The maximum 

concentration (Cmax) and area under the curve (AUC) are also 

raised by three to five folds when taken with food, especially a 

high-fat meal [27]. The probable explanation for this effect is 

that the lipid content in food increases the intestinal lymphatic 

transport of the drug [28]. This increases the fraction of drug 

absorbed and bypasses the hepatic first-pass effect, thus 

increasing the amount of drug reaching the systemic circulation. 

Therefore, it is recommended that venetoclax be administered 

once daily with a meal, preferably one rich in fat, as it increases 

the bioavailability by 4.25 fold [27]. Acid-reducing agents such 

as omeprazole and cimetidine do not decrease the bioavailability 

of venetoclax, and factors such as body weight, age, and 

race affect its pharmacokinetics [24,25]. No dose adjustment is 

required in mild to moderate hepatic or renal impairment [29]; 

however, the clearance in severe abnormalities of kidney or liver 

function has not yet been studied. There is minimal urinary 

excretion of intact venetoclax [23]. 

 

Dosage  
 

Dosage of the drug is administered according to a weekly ramp-

up schedule over five weeks to the recommended daily dose of 

400 mg. The five-week ramp-up dosing schedule is designed to 

reduce tumor burden. In this ramp-up schedule, the dose is 

started at 20 mg in week one and is increased to 50, 100, 200, 

and 400 mg in weeks two, three, four, and five, respectively [30]. 

 

Pharmacodynamics  
 

Programmed cell death is regulated by the BCL-2 family of 

proteins. In healthy B-lymphocytes, unnecessary apoptosis is 

prevented by keeping the death mediators, BAX and BAK, in 

strict check by BCL-2 and other pro-survival/anti-apoptotic 

proteins [BCL-2L1 (BCL-XL) or MCL1] (Figure 2) [31-33]. 

 

 

https://www.cureus.com/articles/35389-venetoclax-in-the-treatment-of-chronic-lymphocytic-leukemia-evidence-expectations-and-future-prospects#figure-anchor-123919
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Figure 2: Regulation of apoptosis by BCL-2 family  

 

MOMP: mitochondrial outer membrane permeabilization; BCL-

2: B-cell lymphoma-2; Cyt C: cytochrome c 

 

However, when the cells are no longer required, they undergo 

significant irreversible damage, and apoptosis is initiated by 

activation of BH3- only proteins (BIM, PUMA), which are 

naturally occurring antagonists of pro-survival BCL-2 proteins. 

These pro-apoptotic proteins bind and inactivate BCL-2 and its 

related pro-survival proteins [34], rendering BAX and BAK free 

to cause mitochondrial damage and activate intrinsic pathways of 

apoptosis. In the case of CLL, the overexpression BCL-2 leads to 

inappropriate cell survival [35], tumor formation [36], and 

diminished sensitivity to chemotherapy [37]. Since the 

antagonistic role of BH3-only proteins towards the BCL-2 is a 

pivotal step for initiating apoptosis, agents that potently mimic 

this action were developed to pharmacologically inhibit the pro-

survival proteins and initiate programmed cell death in CLL 

[38]. 

 

Initially, a drug named navitoclax was designed. This drug could 

inhibit BCL-2 receptors as well as B-cell lymphoma-extra 

large (BCL-XL). BCL-XL also possesses anti-apoptotic activity 

and is encoded by the BCL-2 genes. In early clinical trials, the 

dose of navitoclax had to be limited because of the potential side 

effects of thrombocytopenia. Later, it was discovered that the 
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thrombocytopenia was secondary to the navitoclax- mediated 

inhibition BCL-XL and was independent of the dose. This 

necessitated the need for a more specific agent that could 

selectively inhibit BCL-2 without affecting BCL-XL. Later on, 

venetoclax was designed to mediate apoptosis in cells with 

overexpression of BCL-2 without the effects of 

thrombocytopenia [39]. A significant number of CLL patients 

show increased responsiveness when treated with chemotherapy, 

the mechanism of action for which is the induction of apoptosis 

through tumor protein p53 (TP53). Clonal evolution can lead to 

mutations in as much as half of the patients in a relapsed or 

refractory disease setting. 
 

A mutation in TP53 or deletion of parts of chromosome 17 can 

impair the TP53 function. As a result, the cells' ability to sense 

DNA damage caused by cytotoxic agents, and the initiation of an 

appropriate apoptotic response greatly decreases [40]. In an in 

vitro study, venetoclax was found to kill CLL cells, murine 

lymph node B cells, and RS4;11 human lymphoblast cell lines 

irrespective of TP53 deletion, mutation, or function. The study 

further demonstrated that TP53 status does not affect clinical 

parameters of response to venetoclax [41]. Therefore, as per 

in vitro and in vivo studies, venetoclax acts independently of 

TP53 to rapidly induce apoptosis of CLL. 
 

Acquired Resistance to venetoclax  
 

Resistance is one of the major problems in cancer chemotherapy. 

There are many possible hypotheses for the resistance of 

venetoclax. One of the most likely mechanisms of resistance is 

the up-regulation of other proteins members of the BCL-2 anti-

apoptotic family. These members include BCL-2A1, BCL-XL, 

BCL-W, and MCL [42]. Stimulation with CD40 and interleukin-

4 (IL-4) causes overexpression of BCL-XL in CLL patients. This 

can lead to resistance to much higher doses of venetoclax [42]. 

Another hypothesis has stated that resistance is mainly because 

of proliferation centers that send kinase-mediated survival 

signals. Another factor in the resistance to venetoclax is 

individual variation in these signals. These signals may up-

regulate anti-apoptotic proteins, as described earlier [43]. One of 

the important strategies to overcome resistance is to switch 
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between different therapies. Patients with venetoclax resistance 

show good responses when treated with dasatinib and ibrutinib 

[42]. Sunitinib is a small molecule, orally available and approved 

by the FDA for renal cell carcinoma. Literature shows that 

sunitinib inhibits multiple tyrosine kinase receptors and can be 

used to overcome venetoclax resistance in CLL patients. It has 

been found to be more effective than dasatinib and ibrutinib in 

overcoming resistance to this drug [44]. Nevertheless, it seems 

the venetoclax resistance might be challenging to overcome with 

any agent over time. Therefore, it is essential to continue 

designing and discovering such novel agents that contribute to 

improvements in chemotherapy. 
 

Responders vs. Non-responders in Venetoclax 

Monotherapy  
 

Very few clinical trials have been undertaken with venetoclax 

alone or in combination with other drugs, and they have shown 

reasonable response rates. Roberts et al. (2016) performed an 

open-label, multicenter, phase I/II, monotherapy clinical trial in 

patients with relapsed or refractory CLL, small lymphocytic 

lymphoma (SLL), or non- Hodgkin's lymphoma. The study was 

divided into two phases. In the dose-escalation phase, 56 patients 

received active treatment in one of eight dose groups that ranged 

from 150 to 1,200 mg of venetoclax per day, out of which three 

developed tumor lysis syndrome (TLS), leading to one death. 

Sixty additional patients were treated with a weekly stepwise 

ramp-up dose in an expansion cohort, increasing from 20, 50, 

100, and 200 mg to the final recommended dose of 400 mg per 

day. No TLS was seen in any patients in this phase. Other main 

adverse events were diarrhea (52%), upper respiratory tract 

infection (URTI) (56%), nausea (55%), neutropenia (52%), 

fatigue (46%), and cough (35%). The overall response rate 

(ORR) with venetoclax in all patients in the escalation cohort 

and expansion cohort was 79%, 77%, and 82%, respectively, 

while the complete response rate (CRR) was 20%, 30%, and 

10%, respectively. The ORR was better in patients of <70 years 

of age (83%) than with patients of ≥70 years in age (71%). 

Patients previously resistant to fludarabine showed an ORR of 

79% and CRR of 16%. Patients who were not resistant to 

fludarabine showed better ORR and CRR of 82% and 27%, 
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respectively. Among all the patients who had a response, the 

estimated durability of response was 75% (95% CI: 64-84) at 15 

months. The overall survival estimate during the two-

year duration for all the patients was 84% [18]. 
 

Another multicenter, monotherapy, phase 2, single-arm clinical 

trial with venetoclax in patients with relapsed or refractory 

del(17p) CLL, was carried out by Stilgenbauer et al. (2016). In 

this trial, 107 patients were put in the main cohort and 50 in the 

safety expansion cohort to evaluate the safety and updated tumor 

lysis prophylaxis and management measures. Patients were 

administered venetoclax once daily with a weekly ramp-up 

schedule of four to five weeks (20, 50, 100, 200, and 400 mg) 

followed by 400 mg per day, which was continuous dosing until 

disease progression or discontinuation for another reason. The 

most common grade 3-4 adverse events were neutropenia (40%), 

infection (20%), anemia (18%), and thrombocytopenia (15%). 

Serious adverse events occurred in 59 (55%) patients, 

irrespective of their relationship to treatment, with the most 

common (≥5% of patients) being pyrexia and autoimmune 

hemolytic anemia (7%), pneumonia (6%), and febrile 

neutropenia (5%). Eleven patients died in the study within 30 

days of the last dose of venetoclax: seven due to disease 

progression and four from an adverse event (none assessed as 

treatment-related). The ORR was 85%, indicating that this 

monotherapy can be tolerated well and is active in relapsed or 

refractory CLL patients [20]. 
 

Jones et al. (2015) performed a phase II, double arm, venetoclax 

monotherapy clinical trial in 28 patients with relapsed or 

refractory CLL. Twenty-two patients previously treated with 

ibrutinib for a median duration of 15.5 months entered in arm A, 

and six patients previously treated with idelalisib entered in arm 

B for a median duration of 9.7 months. Patients were 

administered venetoclax once daily (20, 50, 100, 200, and 400 

mg) over five weeks with a weekly ramp-up plan. Adverse 

events seen in more than 25% of treatment subjects were 

neutropenia (57%), anemia (35%), nausea (32%), and diarrhea 

(32%). The grade 3-4 adverse events seen in more than 10% of 

treatment subjects were neutropenia (43%), anemia (29%), and 

thrombocytopenia (18%). The ORR was 53% [45] (Table 1). 

https://www.cureus.com/articles/35389-venetoclax-in-the-treatment-of-chronic-lymphocytic-leukemia-evidence-expectations-and-future-prospects#table-anchor-123920
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Table 1: Responders in venetoclax monotherapy in CLL patients.  

 
Study Study 

design 

Patients Interventions Results Toxic effects 

Responders Complete remission PFS 

Robert et al. 

(2016) [18] 

Phase I/II; 

phase I 

dose-

escalation 

study 

(n=56); 

after 

adjustment 

continued 

as phase II 

expansion 

cohort 

(n=60) 

N=116; relapsed or 

refractory CLL (88%), 

SLL (12%), deletion 17p 

CLL (30%), deletion 11q 

CLL (27%), IGHV-

mutated (17%), previous 

fludarabine-treated 

(86%), fludarabine-

resistant (60%) 

One of eight dose groups, 50 

to 1,200 mg/day oral; 

weekly stepwise ramp-up in 

doses as high as 400 mg per 

day 

ORR (79%), phase 1 

(77%), phase 2 

(82%), fludarabine-

resistant (79%), 

deletion 17p CLL 

(71%), deletion 11q 

CLL (82%), IGHV-

mutated (94%) 

Complete response rate 

(20%), phase 1 (30%), 

phase 2 (10%), 

fludarabine-resistant 

(16%), deletion 17p 

CLL (16%), deletion 

11q CLL (11%), 

IGHV-mutated (29%) 

15-month 

progression-free 

survival estimate 

for the 400-mg 

dose groups was 

69% 

Clinical TLS in three of 56 

patients with one death, not seen 

after dose escalation adjustment. 

Mild diarrhea (52%), upper 

respiratory tract infection (48%), 

nausea (47%), grade 3-4 

neutropenia (41%) 

Stilgenbauer 

et al. (2016) 

[20] 

Phase II, 

single-arm 

N=107 (main cohort), 

relapsed or refractory 

CLL with deletion 17p; 

n=50 (safety expansion 

cohort) continued 

Started with weekly ramp-up 

schedule (20, 50, 100, 200, 

and 400 mg) once-daily dose 

for four to five weeks, 

continued at 400 mg per day 

until disease progression or 

discontinuation for another 

reason 

ORR 85% 8% 72% at the 12-

month period 

Grade 3-4 neutropenia (40%), 

infection (20%), anaemia (18%), 

and thrombocytopenia (15%) 

Jones et al. 

(2015) [45] 

Phase II, 

double-

arm 

N=28; relapsed or 

refractory CLL post-

ibrutinib (arm A) or 

idelalisib (arm B); 

deletion 17p CLL (41%), 

deletion 11q CLL (55%), 

TP53-mutated (36%) 

Started with weekly ramp-up 

schedule (20, 50, 100, 200, 

and 400 mg) dose once daily 

53% 0 - Adverse events in >25% of 

patients were neutropenia (57%), 

anemia (35%), and diarrhea 

(32%); grade 3-4 in 10% of 

patients were neutropenia (43%), 

anemia (29%), and 

andthrombocytopenia (18%) 

 

CLL: chronic lymphocytic leukemia; SLL: small lymphocytic lymphoma; IGHV: immunoglobulin heavy-chain variable region; TP53: tumor protein p53; ORR: overall response rate; TLS: tumor 

lysis syndrome 
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Synergistic Role of Venetoclax with Other Drugs  
 

The treatment protocols of relapsed or refractory CLL are 

changing due to the development of resistance to monotherapy 

and also with a view to improving the patient outcome of this 

disease as it continues to have a relatively poor prognosis despite 

the wide variety of treatment options available. Venetoclax 

monotherapy, as shown in the previous trials, is active and well-

tolerated; but unfortunately, experimental evidence has shown 

mutations in the BCL-2, BH3 domain, and C-terminal 

transmembrane domain of BAX on continuous exposure to 

venetoclax, thereby leading to ultimate resistance [46]. The 

synergistic role of venetoclax has also been observed in 

combination with other drugs in various clinical trials. A phase 

Ib trial of venetoclax with bendamustine/rituximab (VEN+BR) 

or bendamustine/obinutuzumab (VEN+BG) was conducted by 

Stilgenbauer et al. (2016) in patients with relapsed/refractory 

(R/R) (n=30) or previously untreated CLL (1L) (n=25). The 

treatment was started with six months of combination therapy in 

two schedules: A and B. In schedule A, venetoclax was 

administered before BR or BG and afterward in schedule B. 

Venetoclax 100 to 400 mg/day in a gradual ramp-up fashion was 

given with BR/BG in three+three dose-escalation cohort, 

followed by a safety expansion cohort of 400 mg, continued as a 

single-agent VEN until unacceptable toxicity, disease 

advancement, or up to one-year total VEN [47]. The adverse 

events seen in >20% of the 47 patients who received VEN+BR 

(30 R/R; 12 on schedule A at doses 100-400 mg, 18 on schedule 

B at 400 mg) include neutropenia (63%), thrombocytopenia 

(47%), any infections and infestations (73%), anemia (43%), and 

diarrhea (43%). Grade 3-4 adverse events were seen in >10% of 

the patients and included neutropenia (63%), thrombocytopenia 

(27%), any infections and infestations (27%), anemia (20%), and 

diarrhea (10%). The adverse events that were seen in >20% of 

the 47 patients who received VEN+BR (17 1L, all at 400 mg: six 

on schedule A, 11 on schedule B) were neutropenia (76%), 

thrombocytopenia (59%), any infections and infestations (53%), 

anemia (35%), and diarrhea (29%); grade 3-4 adverse events 

seen in >10% of the patients included neutropenia (71%), 
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thrombocytopenia (24%), any infections and infestations (0%), 

anemia (29%), and diarrhea (0%). 

 

The adverse events seen in >20% of the eight patients who 

received VEN+BG (all on schedule B at 400 mg) were 

neutropenia (25%), thrombocytopenia (63%), any infections and 

infestations (63%), anemia (0%), and diarrhea (38%). In 

comparison, grade 3-4 adverse events seen in >10% of the 

patients were neutropenia (25%) and thrombocytopenia 

(63%). Venetoclax was discontinued early due to toxicity 

(mainly due to neutropenia and thrombocytopenia) in seven 

patients on VEN+BR (R/R), two patients on VEN+BR (1L), and 

one patient on VEN+BG. Combination drugs, bendamustine, 

rituximab, and/or obinutuzumab were discontinued in 10 patients 

with VEN+BR (R/R), four patients on VEN+BR (1L), and two 

patients on VEN+BG. A median of four cycles of B was 

completed even with early discontinuation. The response was 

seen in all evaluated patients, with complete remission (CR) in 

more than half of patients with manageable toxicities and no 

TLS [47]. 

 

Fischer et al. (2016) evaluated the safety and efficacy of 

venetoclax and obinutuzumab (G) in comparison with 

chlorambucil (C) and obinutuzumab in patients with IL in an 

open-label, multicenter, run-in phase of a randomized trial. 

Venetoclax was administered orally in a ramp-up dose fashion 

(20, 50, 100, 200, up to 400 mg) starting on the 22nd day of the 

first cycle. Obinutuzumab (G) was given IV starting with 100, 

900, 1,000, and 1,000 mg on days one, two, eight, and 15, 

respectively, followed by 1,000 mg on day one for cycles two to 

six. Initially, six cycles of venetoclax plus obinutuzumab were 

given, followed by six cycles of venetoclax monotherapy. The 

most common adverse events observed were infusion-related 

reactions (75%), neutropenia (67%), infections (67%), pruritus 

(58%), and diarrhea (50%). Grade 3-4 adverse events included 

neutropenia (58%), infections (17%), and thrombocytopenia 

(17%). Laboratory TLS was seen in 17% of the patients with no 

evidence of clinical TLS. The ORR was 100%, with CR in 58% 

of the patients and progression-free survival (PFS) in 100%, 

evaluated at the end of 15 months, indicating that the method 
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was effective and well-tolerated; and this trial has continued 

[48]. 

 

Flinn et al. conducted another phase 1b trial (2015) evaluating 

the efficacy of venetoclax and obinutuzumab combination 

therapy in R/R or 1L patients with CLL. Treatment was started 

with either schedule A (VEN) or schedule B (G) with a 

three+three design and 100-600 mg/day of venetoclax cohorts, 

given in gradual ramp-up fashion. Combination therapy 

continued for six cycles, followed by venetoclax monotherapy in 

R/R patients until disease progression and an additional six 

months of venetoclax monotherapy in 1L patients. Infectious 

adverse events and diarrhea were seen in 50% of patients, while 

infusion-related reactions and neutropenia was seen in 40% and 

37% of the patients, respectively. Grade 3 and grade 4 

neutropenia was seen in 34%, and 12% of the patients, 

respectively, and laboratory TLS was observed in 12% with no 

clinical TLS seen. One death in cohort 1, with R/R CLL, 

occurred secondary to acute respiratory failure. The ORR, 

evaluated in 17 patients, was found to be 100% and CR/complete 

remission with incomplete hematologic response (CRi) was seen 

in 23.5% of the patients. This again confirmed the safety and 

tolerability of VEN+G in both R/R and 1L patients [49]. 

 

A phase Ib clinical trial was undertaken on 49 patients with 

relapsed or refractory CLL or SLL. Venetoclax was used in 

combination with rituximab. Venetoclax was started with a once-

daily dose of 20 or 50 mg, increased in a ramp-up fashion to 

final-cohort doses of 200-600 mg/day in five dose-escalation 

cohorts (n=41), while 400 mg/day in safety-expansion cohort 

(n=8), tailed by rituximab, for a total of six doses given every 

four weeks. Of note, 92% and 59% of patients had received prior 

rituximab and fludarabine therapies, respectively. Patients 

having rituximab-refractory (R-ref) and fludarabine-refractory 

(F-ref) disease were 29% and 18%, respectively. Twelve patients 

refused to continue the study: six because of PD (five were 

Richter's transformation), three due to adverse events 

[neuropathy, TLS, and myelodysplasia (heavily pretreated and 

hypocellular marrow at study entry; patient achieved minimal 

residual disease (MRD)-negative complete remission (CR) with 
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incomplete marrow recovery (CRi) and proceeded to 

transplant)]. Three withdrew consent (one after achieving MRD-

negative CR). The most common adverse events seen in more 

than 25% of treatment subjects were neutropenia (55%), diarrhea 

(53%), nausea (49%), and upper respiratory infection (45%). 

Grade 3-4 adverse events seen in more than 10% of treatment 

subjects were neutropenia (53%), thrombocytopenia (16%), 

anemia (14%), febrile neutropenia (12%), and leukopenia (10%). 

One death occurred due to TLS, after which the protocol was 

modified. ORR was 86% in all treatment subjects, 89% in del 

(17p), 56% in F-ref, 84% in IGHV-unmutated. The PFS 

measured at 12 months' duration for all patients, del (17p), F-ref, 

and IGHV-unmutated was 87%, 89%, 56%, and 83%, 

respectively, while PFS at 24 months was 84%, 78%, 56%, and 

83%, respectively. The overall survival rate at 12 months was 

94%, 89%, 89%, and 89%, respectively, indicating that this 

combination therapy is active and highly responsive with a 

tolerable safety profile (Table 2) [50]. 
 

https://www.cureus.com/articles/35389-venetoclax-in-the-treatment-of-chronic-lymphocytic-leukemia-evidence-expectations-and-future-prospects#table-anchor-123922
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Table 2: Responders in venetoclax combination therapy in CLL patients.  

 
Study Study design Patients Interventions Results Toxic effects 

Responders Complete 

remission 

PFS 

Stilgenbauer 

et al. (2016) 

[47] 

Venetoclax with 

bendamustine/rituximab 

(VEN+BR) or 

bendamustine/obinutuzumab 

(VEN+BG); phase Ib (recruiting) 

Relapsed or refractory CLL 

(R/R), previously untreated 

CLL (1L); VEN+BR (R/R, 

n=30), evaluated n=24, del 

17p (25%), del 11q (29%), 

del 13q (54%); VEN+BR 

(1L, n=17), evaluated n=15, 

Del 17p (13%), del 13q 

(67%); VEN+BG (1L, 

n=8), evaluated n=5, del 

17p (20%), del 11q (20%), 

del 13q (80%) 

Schedule A = VEN before 

BR/BG; schedule B = VEN 

after BR or BG; 47 patients 

received VEN+BR: 30 R/R 

(12 on schedule A at doses 

100-400 mg, 18 on schedule 

b, all at 400 mg), and 17 1L 

(all at 400 mg: six on 

schedule A, 11 on schedule 

B). Eight patients received 

VEN+BG: all on schedule B 

at 400 mg 

VEN+BR (R/R) 

96%, VEN+BR 

(1L) 100%, 

VEN+BG (1L) 

100% 

VEN+BR 

(R/R) 20%, 

VEN+BR (1L) 

43%, 

VEN+BG (1L) 

43% 

  Severe adverse events in 21 

patients including erythema, 

febrile neutropenia, 

vomiting, nausea, and 

infection (43% R/R 

VEN+BR, 35% 1L 

VEN+BR, 25% 1L 

VEN+BG) 

Fischer et al. 

(2016) [48] 

Venetoclax plus obinutuzumab 

(VEN+G); open-label, 

multicenter, run-in phase of 

phase III randomized trial 

Previously untreated CLL 

(1L) (n=12), cytogenetic 

(n=8), del 17p (25%), del 

11q (25%), TP53-mutated 

(25%), TP53 deleted 

(25%), IGHV-mutated 

(evaluated n=7), (14%) 

Six cycles (VEN+G) 

followed by six cycles (VEN) 

I/V G (100, 900, 1,000 mg on 

day one, two, eight, and 15 of 

cycle one; on day one, 1,000 

mg for two to six cycles) 

VEN oral in ramp-up dose 

weekly starting at day 22 of 

cycle one (20, 50, 100, 200, 

and 400 mg) 

100% 58% 100% at 15 

months 

Neutropenia (67%), 

infections (67%), diarrhea 

(50%), infusion-related 

reaction (75%), pruritus 

(58%). Grade 3-4 adverse 

events included neutropenia 

(58%), infections (17%), 

and thrombocytopenia 

(17%) 

Flinn et al. 

(2015) [49] 

Venetoclax plus obinutuzumab 

(VEN+G), phase Ib, phase 3 

continued 

N=32, relapsed or 

refractory CLL (R/R) n=26, 

previously untreated CLL 

(1L) n=6 

Three+three design with 100-

600 mg /day venetoclax 

cohorts 

100% among 17 

evaluated 

patients 

23.5% among 

17 evaluated 

patients 

- Any infectious adverse 

event (50%), diarrhea 

(50%), infusion-related 

reactions (40%), 

neutropenia (37%). Grade 3 

neutropenia (34%), grade 4 

neutropenia (12%) 

Ma et al. 

(2015) [50] 

Venetoclax plus rituximab 

(VEN+R), phase Ib 

N=49, relapsed or 

refractory CLL (48) or SLL 

(1), R-ref 29%, F-ref 18%, 

del(17p) 18%, IGHV-

unmutated 39% 

VEN (per day 20/50 mg) to 

final cohort doses (200-600 

mg per day) tailed by R, total 

six doses in every four 

weeks, final 400 mg selected 

to move forward 

ORR 86%, BM 

MRD-negative 

53%, F-ref 

56%, deletion 

17p CLL (89%), 

IGHV- 

unmutated 

(84%) 

CR 41%, BM 

MRD-negative 

75%, F-ref 

44%, deletion 

17p CLL 

(33%), IGHV- 

unmutated 

(37%) 

PFS 87% at 

12 months, 

PFS 84% at 

24 months, 

overall 

survival 

(OS) 94% at 

12 months 

One fatal TLS prior to 

protocol modification, grade 

3/4 adverse events in >10% 

of pts: neutropenia (53%), 

thrombocytopenia (16%), 

anemia (14%), and febrile 

neutropenia (12%) 

 

CLL: chronic lymphocytic leukemia; SLL: small lymphocytic lymphoma; IGHV: immunoglobulin heavy-chain variable region; TP53: tumor protein p53; ORR: overall response rate; TLS: tumor 

lysis syndrome; VEN: venetoclax; B: bendamustine; R: rituximab; G: obinutuzumab; PFS: progression-free survival; R-ref: rituximab-refractory; F-ref: fludarabine-refractory; MRD: minimal residual 

disease 
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Conclusions  
 

Increased awareness and knowledge of CLL biology has enabled 

the synthesis of novel therapies that target specific steps of 

molecular pathways that facilitate tumor cell survival. 

Venetoclax is the first BH3 mimetic drug and a selective BCL-2 

inhibitor that has received FDA approval. The main advantage of 

venetoclax over other agents is that it has a high binding affinity 

for BCL-2 receptors and it very selectively inhibits BCL-2, 

maintaining anti-apoptotic activity in cancer cells. Moreover, 

monotherapy with this agent facilitates a rapid reduction in the 

disease burden with an overall good response rate. This drug has 

proved to provide good therapeutic responses in CLL patients 

irrespective of the presence of adverse clinical or genetic 

features, including in patients with relapsed or refractory forms 

of CLL. We believe that the emergence of novel combination 

therapies, including venetoclax and immunotherapy, 

will transform the treatment landscape for patients with relapsed 

CLL, particularly those with (del 17p) CLL, which carries a very 

poor prognosis. 
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Abstract  
 

Psoriasis is a chronic immune-mediated skin disorder. Due 

to lack of clarity in its pathogenesis, a cure with existing 

treatment is a big challenge. Biologics, a revolutionary 

treatment, are potent immunomodulators that explicitly target the 

culprit cells of the immune system to achieve the maximum level 

of Psoriasis Area and Severity Index (PASI) score (75 to 90) and 

clear or almost clear skin in moderate to severe psoriasis. They 

have been a successful therapy in adult severe psoriasis for a 

decade. 

 

In recent years, biologics have unprecedently sought the 

attention of the pediatric psoriatic population by proving an 

efficacious and safe option. The aim of the study is to provide a 

systematic review of efficacy, safety, and impact on the quality 

of life of Food and Drug Administration (FDA)-approved 

biologics, namely etanercept and ustekinumab, and their use as a 

“first-line systemic therapy” in the moderate to severe pediatric 

and adolescent psoriatic population. 

 

We explored PubMed, Cochrane Library, Google Scholar, 

American Academy of Dermatology website, ClinicalTrials.gov, 

the FDA site, and the National Psoriasis Foundation USA site as 

major database searches. Psoriasis, pediatric, etanercept, and 

ustekinumab were keywords used to find the relevant literature. 
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Clinical trials and observational studies were retrieved and 

analyzed to assess the efficacy and safety of FDA-approved 

biologics as first-line systemic therapy in pediatric psoriasis. 

 

The relevant evidence-based studies and the Joint American 

Academy of Dermatology-National Psoriasis Foundation (AAD-

NPF) guideline have shown that etanercept and ustekinumab 

biologics are significantly effective and safe systemic therapies 

in dealing with moderate to severe psoriasis in pediatric and 

adolescent patients and have unprecedently improved their 

quality of life. Thus, they can be confidently considered as first-

line systemic therapy in moderate to severe pediatric and 

adolescent psoriatic patients by applying the specific criteria and 

proper monitoring. However, health practitioners and 

dermatologists must educate pediatric patients and their 

caretakers about their adverse effects, success/failure chance, 

careful monitoring, and follow-up plan to achieve the desired 

result. 

 

Introduction & Background  
 

Psoriasis is a complex, chronic, autoimmune, genetic disorder 

with characteristics of well-defined scaly plaque with mild 

itching [1]. The etiology of psoriasis is yet to be established, but 

histological examination of its lesions indicates the association 

of innate and adaptive immunity. The dermis and epidermis are 

the main culprits in an inflammatory infiltrate of T-lymphocytes, 

mast cells, neutrophils, and macrophages, which leads to 

hyperkeratosis, epidermal acanthosis, parakeratosis, and 

amplification of the rete ridges [2]. 

 

Epidemiologically, two to five percent of the total population is 

hit by psoriasis worldwide, and one-third of the cases start from 

childhood [3]. The incidence of pediatric psoriasis is 40.8 per 

100,000, which is remarkably less than adult psoriasis (78.9 per 

100,000) [4]. 

 

A long-lasting disorder like psoriasis majorly affects the patient's 

self-esteem, physical appearance, and self-image. Thus, it causes 

detrimental effects (depression, anxiety, and suicidal thoughts) 
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on the psychological and physical well-being of human beings 

[5]. 

 

The most common type that affects the majority of the adult and 

pediatric population is plaque psoriasis/psoriasis vulgaris [4]. 

Psoriasis can also involve other comorbidities, including cardiac 

problems, diabetes, arthritis, obesity, hypertension, arthritis, 

inflammatory bowel disease, and lipid dysregulation [3]. 

Psoriatic arthritis coexists most frequently in psoriatic patients. 

Noticeably, 80% of pediatric patients acquire psoriatic arthritis 

before cutaneous manifestation [6]. 

 

In the majority of diagnoses, psoriasis is confirmed by physical 

examination, though biopsy can be required in some ill-defined 

clinical presentation [7]. However, children with psoriatic 

lesions do not show severity in symptoms in contrast to the older 

population. They are also approached differently to cope with 

psychological and physical morbidity [8]. 

 

The management of moderate to severe pediatric psoriasis has 

always been complex due to the absence of a complete cure. 

Therefore, the purpose of treatment is the remission of the 

disorder by alleviating the symptoms with clear/almost clear 

skin. A breakthrough occurred in 2019, where a guideline for 

pediatric psoriasis was formulated, which showed the efficacy 

and safety of few biologics, mainly etanercept and ustekinumab. 

 

Systemic therapies: biological versus non-biological  
 

The pediatric population with moderate to severe psoriasis 

mainly requires systemic therapies, for example, cyclosporin, 

methotrexate, cyclosporine, acitretin, phototherapy, and 

biologics [9]. 

 

The use of traditional/non-biological systemic therapies 

including phototherapy and immunosuppressants such as 

cyclosporin, methotrexate, and acitretin has been common in 

moderate to severe pediatric psoriasis for decades [10]. These 

should be cautiously used with proper liver function, renal 

function, and blood pressure monitoring. The most common 
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immunosuppressant which is prescribed by practitioners is 

methotrexate for moderate to severe cases in children [11]. The 

guidelines for conventional/non-biological systemic treatment 

are mainly derived from adult psoriasis guidelines, limited 

pediatric studies, and expert consensus [12]. These non-

biological systemic therapies lack significant evidence-based 

literature, and more work needs to be done as it's an hour of need 

to provide the safest option with better efficacy in pediatric 

psoriasis. 

 

Biologics are immunomodulators that regulate the inflammatory 

pathway and are widely considered for moderate to severe 

psoriasis due to their specification on inflammatory cells. 

Moreover, they do not show the toxicity/serious adverse effects 

like other conventional systemic therapies and have a more 

appropriate fixed dosing plan with less frequent follow-up 

schedules. 

 

In recent years, only two biologics have been approved by the 

Food and Drug Administration (FDA) for pediatric moderate to 

severe plaque psoriasis, namely etanercept and ustekinumab. 

Etanercept is a human recombinant tumor necrosis factor 

receptor fusion protein that acts as a tumor necrosis factor (TNF) 

inhibitor. Ustekinumab is a human monoclonal antibody that 

antagonizes the p40 subunit of interleukin-12 (IL-12) and 

interleukin-23 (IL-23). 

 

Biological systemic treatment aims to either eradicate/suppress 

the disease or manage its stability for an extended period by 

fixing the dose to the lowest level with the least toxicity. Once 

the severity of the disease is controlled, it is suggested to stop the 

systemic treatment. Above all, the rule of thumb is always to 

select a drug with fewer side effects if long-term therapy is 

required [13]. 

 

Critical approach towards Biologics  
 

Treating the pediatric moderate to severe psoriatic population 

with biologics is a big challenge but as per the Joint American 

Academy of Dermatology-National Psoriasis Foundation (AAD-
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NPF) guideline: severity of illness, failure of other traditional 

treatments (topical and other systemic medication, 

phototherapy), compromised psychosocial quality of life, 

comorbidities mainly arthritis and types of psoriasis are the key 

indicators for selection of biologic treatment [13]. 

 

Review  
Method  
 

We conducted this systematic review in the light of Preferred 

Reporting Items for Systematic Review (PRISMA) guidelines. 

For data collection, we explored various search engines such as 

PubMed, Cochrane Library, Scopus, Google Scholar, 

MEDLINE, PubMed Central (PMC), the official American 

Academy of Dermatology website, Nice guidelines, the official 

website of clinical trials (ClinicalTrials.gov), the FDA site and 

non-profit organization, and the National Psoriasis Foundation 

USA site. We conducted our search by applying Medical Subject 

Heading (MeSH) terms and keywords, which were "psoriasis," 

"pediatric," "etanercept," and "ustekinumab." Search strategy 

was ("Psoriasis"[MeSH]) AND ("pediatrics/etiology"[MeSH] 

OR "pediatrics/immunology"[MeSH]) AND 

("etanercept/administration and dosage"[MeSH] OR 

"etanercept/adverse effects"[MeSH] OR "etanercept/therapeutic 

use"[MeSH]) OR ("ustekinumab/administration and 

dosage"[MeSH] OR "ustekinumab/adverse effects"[MeSH]). We 

collated papers from the past 10 years without any gender bias. 

Studies were mainly based on clinical trials and retrospective 

cohort studies and were assessed for quality and were peer-

reviewed. Relevant and long-term based studies were less in this 

population due to the age factor. Meanwhile, in a few studies, 

biologics were compared against other systematic therapies, 

mainly methotrexate. 

 

The exclusion and inclusion criteria were applied. Out of 3210 

studies, we retrieved only 12 studies that focused on the pediatric 

population and related to humans only and were in the English 

language. Eligible patients were 17 years old or under with 

moderate to severe chronic/unstable plaque psoriasis with a 

duration of ≥six months having minimum Psoriasis Area and 
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Severity Index (PASI) score of 10 (index range = 0-72, while 

maximum range depicts the severity of disease), and Physician 

Global Assessment (PGA) criteria should be at least three (zero 

= clear, five = worsening of disease). The Body Surface Area 

(BSA) of psoriasis involvement was equal to or more than 

10%. We excluded all other types of psoriasis except plaque 

psoriasis. The PRISMA diagram is shown in Figure 1 [14]. 

 

 
 

Figure 1: PRISMA flow diagram.  

PMC: PubMed Central, AAD: American Academy of Dermatology, NPF: 

National Psoriasis Foundation 

 

Results  
 
Out of the 3210 studies, 12 were selected after a quality check. 

Studies were mainly comprised of clinical trials and 

observational studies, while a few case series were also included. 

Etanercept had the highest level of evidence support, then 

ustekinumab, as etanercept is an older agent that got approval in 

2015 for the pediatric psoriatic population. While ustekinumab 

has been recently approved by the United States Food and Drug 

Administration for the pediatric population and needs more 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#figure-anchor-130657
https://assets.cureus.com/uploads/figure/file/130657/lightbox_de8b3580c2d111eab77d5b65a470de46-Capture.v1.png
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attention to get a large pool of data, each of these studies was 

analyzed in terms of inclusion and exclusion criteria. 

 

The primary aim of all studies was to assess the safety and 

efficacy of FDA approved biologics, namely etanercept and 

ustekinumab, on plaque psoriasis/psoriasis vulgaris in the 

pediatric/adolescent population. The secondary aim was to prove 

it as a "first-line systemic agent" and show its dominance over 

conventional systemic therapies in moderate to severe pediatric 

psoriasis. 

 

Data of the selected studies are gathered and documented in 

Table 1.  

 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#table-anchor-129242
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Table 1: Data from the studies with the conclusion. 

 
AUTHOR AND YEAR OF 

STUDIES.   

TYPES OF 

STUDY 

NO OF 

PATIENTS 

STUDY PURPOSE CONCLUSION/RESULT 

Paller et al., 2010 [15] clinical trial         182   To determine the efficacy and safety of etanercept 

in pediatric psoriasis.                                  

Etanercept was safe and effective in the pediatric 

population. 

Paller et al., 2015 [16] clinical trial 182 To find the safety and efficacy of etanercept in 

pediatric psoriasis. 

Etanercept was well tolerated and effective in pediatric 

psoriatic patients. 

Siegfried EC, 2010 [17] clinical trial 138     To evaluate the efficacy and safety of etanercept by 

injecting intermittently in the psoriatic pediatric 

population. 

Etanercept therapy appeared safe by injecting 

intermittently in pediatric. 80% patients achieved PASI 75 

without showing any serious side effects. 

Langley RG, 2010 [18] clinical trial 211 To assess the health-related quality of life Impact of 

etanercept versus placebo in psoriatic pediatric 

patients. 

Health-related quality of life (hrqol) was significantly 

improved in the etanercept's group as compared to the 

placebo. 

Di Lernia V, et al., 2017 [19] Observational 

study 

23 To evaluate efficacy, tolerance, and discontinuation 

reason of etanercept in the pediatric population. 

Etanercept monotherapy was efficacious and well-

tolerated in real-life cohort pediatric patients. 

Landells I, 2015 [20] clinical trial 110 To determine efficacy and standard safe dose of 

ustekinumab without any adverse effects in 

adolescents (12-17 years) psoriatic population. 

The standard dose (0.75 mg/kg) of ustekinumab with a 

bodyweight ≤60 was significantly effective in adolescent 

psoriatic patients without any hazardous adverse effects. 

Bronckers IM, 2017 [21] An observational 

study (cohort) 

390 To evaluate the therapeutic use and relative risk of 

systematic agents including biological and non-

biological therapies in pediatric psoriatic patients. 

Biologic showed less adverse effects as compared to the 

conventional systemic agent (methotrexate). Out of 106, 

only four patients on biologics left treatment, while 44 pts 

from >370 discontinued conventional therapy due to ≥ one 

adverse effect. 

Klufas DM, 2016 [22] case series 51 To assess the better systemic drug therapy for 

moderate to severe psoriasis in pediatric patients. 

It demonstrated that biological therapy was safe, well-

tolerated as compared to traditional systemic therapies in 

moderate to severe psoriatic pediatric patients. It also 

showed the safety of combination therapy (biologics + 

methotrexate) and suggested that it can be used for better 

response in relapsing psoriasis and psoriatic arthritis. 

Bronckers IM, 2020 [23] Observational 

study 

234 To find the psoriasis severity reduction in real-

world practice and drug survival of biologics versus 

methotrexate in pediatric psoriasis. 

Biologics were highly effective, safe, and had better drug 

survival in the long-term period as compared to 

methotrexate in pediatric psoriasis. 

Phan C, 2019 [24] Observational 

study 

134 To assess the difference in the selection/outcome of 

biologic in real-life practice versus clinical trials. 

This study suggests that the selection of biological therapy 

in real-life practice differs or hard to match from clinical 

trial’s criteria of biologics in the pediatric psoriatic 

population due to the strict eligibility parameters. 

 

PASI: Psoriasis Area and Severity Index 
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Discussion  
 

Psoriasis is a chronic, inflammatory, immune regulated skin 

disorder that mostly occurs in adulthood (66.7%) and is less 

commonly found in childhood (33.3%) (Figure 2). However, 

one-third of psoriatic patients experience mild symptoms during 

childhood without knowing or diagnosing it. Most of the 

pediatric population acquire mild to moderate psoriatic 

symptoms, which can be easily tackled with a topical regimen 

and phototherapy sessions. The biggest challenge is for those 

who suffer from moderate to severe psoriasis where topical 

treatment and phototherapy often become toothless. Their ray of 

hope is wholly confined to systemic therapies, either non-

biological or biological [25]. Biologics have shown dominance 

over non-biological therapies. 

 

 
 

Figure 2: Age-wise distribution of psoriasis.  

 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#figure-anchor-130972
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By mid-2020, more than 14 biologics (tumor necrosis factor-

alpha blocker, interleukin-12/23 and interleukin-17 inhibitors) 

have been approved by the FDA for adult psoriasis. On the 

contrary, only etanercept and ustekinumab have approval for the 

pediatric psoriatic population, although many other drugs are 

being used off-label. Figure 3 shows the total number of 

biologics for pediatric psoriasis. 

 

 
 
Figure 3: Biologics for the pediatric population of psoriasis.  

FDA: Food and Drug Administration; EMA: European Medical Authority  

 

Although methotrexate, cyclosporin, and phototherapy are 

efficacious for alleviating the severity of pediatric psoriasis, the 

long-term safety concerns and inconvenience due to lack of 

evidence-based studies on systemic therapies have led pediatric 

patients to consider biologics as first-line therapy [26]. The 

majority of conventional non-biological interventions 

(methotrexate, cyclosporin, acitretin) are being used off-label in 

moderate to severe pediatric psoriasis. Recently, with better 

knowledge of psoriasis etiology and having a large pool of 

clinical studies on the pediatric population, many biologicals 

interventions have been formulated (phosphodiesterase-4 

inhibitor, biologics, and Janus kinase inhibitor) and have been 

proved as a great hallmark to achieve PASI 75 to PASI 90 and 

PASI 100 [25]. The treatment algorithm, as per the Joint AAD-

NPF guideline for moderate to severe pediatric psoriasis, is 

shown in Figure 4. 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#figure-anchor-130658
https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#figure-anchor-128949
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Figure 4: Treatment algorithm for the moderate to severe pediatric psoriasis 

according to Joint AAD-NPF guideline 2020.  

*all kind/types 

AAD-NPF: American Academy of Dermatology-National Psoriasis Foundation 

 
Etanercept is a tumor necrosis factor-alpha blocker that has 

shown significant therapeutic potency in psoriasis. It has been 

approved for both adult and pediatric psoriasis for many years. 

The recommended age of its usage is six years or over. Several 

case series reported its efficacy even in 22-month-old children 

by administrating as a monotherapy/adjuvant therapy with other 

conventional regimes in moderate to severe plaque psoriasis, 

palmoplantar psoriasis, erythrodermic psoriasis, pustular 

psoriasis, erythrodermic psoriasis, and palmoplantar psoriasis 

[7]. The detailed pharmacologic summary of etanercept is given 

in Table 2. 

 

 

 

 
 
 
 
 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#table-anchor-130660
https://assets.cureus.com/uploads/figure/file/128949/lightbox_de105a30d69b11ea92570dfa9effa36f-treatment-algorithm.v1.png
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Table 2: Summary of FDA approved biologics in pediatric psoriasis.  

 
DESCRIPTION ETANERCEPT USTEKINUMUMAB 

FDA approval for 

Pediatric moderate 

to severe Psoriasis 

yes yes 

Age ≥6 years ≥12 years 

Working 

Mechanism 

human fusion protein which 

combines with a soluble 

fusion protein of TNF-α 

A human monoclonal 

antibody which binds 

to p40 Subunit of IL 

12-23 

Route of 

administration 

subcutaneous subcutaneous 

Recommended 

baseline monitoring 

parameters 

TB, HIV, HCV, HBV 

screening incl: chest 

radiographs 

TB, HIV, HCV, HBV 

screening  incl: chest 

radiographs 

Recommended dose 0.8 mg/kg weekly . if ≥ 63 

kg, 50 mg. 

0.75 mg/kg/dose (<60 

kg).  45 mg (60 to ≤ 

1oo kg). 90 mg (>100 

kg)  by week 0, 4, and 

every 12 weeks. 

Absolute 

contraindication 

Active infections including 

active TB, hepatitis 

Active infections 

including active TB, 

hepatitis 

Adverse effects Primary AE (injection site 

reaction), Infections 

Primary AE (injection 

site reaction), 

Infections 

 

Adapted from Fortina et al. [12] 

TB: tuberculosis; HCV: Hepatitis C virus; HBV: Hepatitis B virus 

 
Ustekinumab is a human monoclonal antibody that combines 

with the p40 subunit of interleukin-12/13 (IL- 12/23), which 

causes cessation of its receptor's function. It is recommended for 

adolescent and adult psoriatic patients [27]. In large, it has 

shown significant clinical response though partial response can 

also occur due to different triggered immune-mediated pathways 

other than interleukin 12 and 23 immune-mediated pathways 

[28]. Noticeably, in comparison to other biological agents, 

ustekinumab requires fewer injections, resulting in easy follow-

up for patients [2]. Hence, the therapeutic option should be 

considered specifically patient-by-patient while taking into 

account the impact of the disease on the patient and their family 

[29]. The comprehensive pharmacological summary of 

ustekinumab is presented in Table 2. 

https://www.cureus.com/articles/36763-fda-approved-biologics-can-etanercept-and-ustekinumab-be-considered-a-first-line-systemic-therapy-for-pediatricadolescents-in-moderate-to-severe-psoriasis-a-systematic-review#table-anchor-130660
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A systematic review was conducted to evaluate the biologics as 

first-line systemic therapy for moderate to severe pediatric 

psoriasis by collating the data and experts' opinion in the 

presence of other conventional non-biological treatments, mainly 

methotrexate. This will assist the dermatologists in treatment 

selection with a better understanding in the light of more 

substantial evidence. 

 

Under the clinical trial study in 2010, Paller et al. assessed the 

long-term safety and efficacy of etanercept by enrolling 182 

patients, where 140 (76.9%) patients completed the therapy until 

96 weeks and achieved Psoriasis Area and Severity Index 50 

(89%), 75 (61%), and 90 (30%). The Physician Global 

Assessment was observed by 96 weeks, where 47% of pediatric 

patients got clear/almost clear skin. As far as safety concerns, 

five patients had mild adverse effects; the most frequent was 

respiratory tract infections (24.9%), and headache, sinusitis, and 

pharyngitis were also listed. Etanercept was generally effective 

and safe with no observed lethal infection, death, or 

malignancies [15]. 

 

Paller et al. (2015) further extended their clinical trial of 2010 to 

confirm the long-term efficacy and safety of etanercept in 

moderate to severe pediatric patients. Similar to the previous 

study, 182 patients were enrolled, where only 69 patients 

maintained by 264 weeks and secured PASI 75 (60-70%) and 90 

(30-40%). The skin was clear/almost clear by 40-50% by 

following the Physician's Global Assessment criteria. As per 

safety status, 89% of pediatric patients reported mild adverse 

effects, most commonly upper respiratory tract (37.6%). Seven 

patients reported serious side effects, predominantly cellulitis. 

By and large, etanercept was considered as an effective and safe 

option in moderate to severe pediatric psoriasis [16]. 

 

Another most important clinical trial in 2010 by Seigfried et al. 

indicated the efficacy and safety of etanercept in the intermittent 

phase in pediatric psoriatic patients. One hundred thirty-eight 

patients were recruited and randomized into two groups 

(etanercept versus placebo) for 12 weeks. Seventy percent of 

patients on etanercept achieved PASI 75 compared to placebo 
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(45%). While those who did not achieve PASI 75 in placebo 

were re-randomized and got open-label etanercept retreatment. 

The majority of them regained the PASI 75 after four to eight 

weeks. Furthermore, after completion of 48 weeks study, 80% of 

patients on etanercept maintained PASI 75 without showing any 

serious side effects. This complex treatment pattern supports 

etanercept's efficacy and safety in pediatric psoriatic patients in 

real-world settings [17]. 

 

In 2010, Langley et al. conducted a clinical trial in support of 

etanercept use in pediatric psoriasis patients. The center of the 

study was a quality of life impact being treated with etanercept 

therapy versus placebo. It mainly evaluated the Health-related 

Quality of Life (HRQoL) including emotional and psychosocial 

well-being and therapy effect of psoriasis in pediatric patients by 

providing the multi-colored cartoon-based questionnaire, 

Children's Dermatology Life Quality Index (CDLQI) and 

Pediatric Quality Of Life Inventory (pedsQL). Those who 

received etanercept therapy showed improved HRQoL with 

higher mean percentage improvement in CDLQI score 

(etanercept 52% versus placebo 17%) [18]. 

 

In support of another biological therapy, namely ustekinumab in 

moderate to severe psoriatic adolescent patients, Landell et al. 

(2015) conducted a double-blinded, placebo-controlled trial. It 

proved the efficacy and safety of ustekinumab by enrolling 118 

adolescent psoriatic patients. It is seen that adolescents showed 

significant improvement with both half standard-dose (HSD) and 

standard-dose (SD) by observing the PASI 90 (HSD, 54.1%; SD, 

61.1%, placebo, 5.4%) and PASI 75 (HSD, 78.4%; SD, 80.6%; 

placebo, 10.8%). The disease severity was markedly reduced 

with improved quality of life by 60 weeks. Eighty percent of 

patients turned up with at least one adverse effect, which was 

already calculated. Overall, it is considered one of the best 

therapies for moderate to severe psoriasis in adolescents with 

better efficacy and safety [20]. 

 

Bronckers et al. (2020) in a six-month retrospective cohort study 

demonstrated a comparison between biologics and methotrexate 

therapies in moderate to severe pediatric psoriasis population to 
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evaluate the most potent therapeutic option. Under this study, 

163 patients were treated with methotrexate, while 47 patients 

received biological therapy. Both groups showed significant 

improvement, but biologics were superior to methotrexate in 

terms of efficacy and safety. Most of the methotrexate patients 

left the study due to drug-related adverse effects (nausea, 

infection, and liver function dysregulation). At the same time, 

very fewer patients on biologics discontinued their treatment due 

to mild adverse effects [23].  

 

To compare the safety of systemic therapies (biologics versus 

other non-biological systemic therapies, mainly methotrexate) in 

moderate to severe pediatric psoriasis, a retrospective study was 

conducted (Bronckers et al., 2017). In 390 patients, methotrexate 

was given to 270 children, biologics to 106 patients, and 

cyclosporine, fumaric acid, and acitretin were used in the rest of 

patients. Forty-eight percent of patients on methotrexate showed 

≥one adverse effect, including gastric issues and laboratory test 

abnormalities, while 18% of children got injection site reactions 

during biologic administration. Hence it proves that medication-

related adverse effects were less observed in biologics as 

compare to other systemic therapies [21]. 

 

With a different approach to biological therapies in pediatric 

psoriasis patients, Phan et al. (2019), under a cohort study, 

evaluated the eligibility criteria of biologics in real-life practice 

on children, which has been applied in phase three clinical trials 

of etanercept, adalimumab, and ustekinumab. A total of 134 

patients were enrolled in this study, 73 of which (54%) became 

ineligible after following the criteria (PASI score ≥10, PGA > 3, 

other types of psoriasis, the coexistence of other therapies, and 

washout period) of clinical trials. This highlights that the 

eligibility criteria of childhood psoriasis in clinical trials are hard 

to match in real-life practice, as the main differential factors 

including PASI score (≥10 and PGA > 3), types of psoriasis 

(palmoplantar and guttate), and concomitant therapies are not 

reflected all together in real-life practice [24]. 

 

Based on the evidence-based literature, the FDA-approved 

biologics (etanercept and ustekinumab) were significantly 
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effective and safe in moderate to severe pediatric psoriasis in 

comparison to other conventional systemic treatments and can be 

considered as first-line systemic therapy by following the 

laboratory/clinical monitoring and criteria of biologics. 

 

Limitation  
 

There is a paucity of high-quality studies on FDA approved 

biologics in the psoriatic pediatric population. Very few studies 

had extended trail/duration. These observations were pronounced 

in the case of ustekinumab. Many studies were compromised on 

the blinding process, indicative of a bias. 

 

Conclusions  
 
From the above literature, it is concluded that etanercept and 

ustekinumab showed great efficacy, improved quality of life, and 

safety in moderate to severe pediatric and adolescent psoriatic 

patients. All studies reported that PASI 75 to 90 was achieved by 

a large pool of pediatric patients with clear or almost clear skin, 

even when compared with other traditional therapies, although 

more research needs to be done on the psoriatic pediatric 

population. Meanwhile, adverse effects were also noticed less in 

biologics than other conventional/non-biological systemic 

treatments (methotrexate, cyclosporin, and acitretin). The 

selection and monitoring of a particular biologic should be 

followed as per the current Joint AAD-NPF guideline to avoid 

unnecessary adverse effects/risks. A systematic review of the 

literature suggests that these biologics can be considered as a 

first-line systemic therapy option in the moderate to severe 

pediatric psoriatic population. Importantly, the advantages and 

side effects of biologics should be discussed with the respective 

patient/patient's caretaker. The patient's willingness and priority 

of treatment option should be taken into account. 
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Abstract  
 

The purpose of the present chapter is to provide an update about 

the use of preventive devices used to stop retrograde stone 
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migration during pneumatic lithotripsy for ureteric stone 

management. The aim to reduce the cost, ancillary procedure, 

reduce the operative time and improve the stone free rate. The 

hunt for ideal cadget to stop retrograde stone migration is still 

continue in 21 century. 

 

Keywords  
 

Anti-Retropulsion Device; Ureteric Stones; Pneumatic 

Lithotripsy; Retrograde Stone Migration; Stone-Free Rates, 

Ureteroscopy 

 

Introduction 
 

Ureteroscopic pneumatic lithotripsy for the treatment of ureteric 

calculi is quite a common modality [1]. However, proximal 

migration of the calculi during lithotripsy has been reported to 

range from 3- 48% in literature [2]. The migration depends on 

variable factors; can be triggered by the jet of irrigation fluid, 

type of energy source used for intracorporeal lithotripsy, location 

of the calculus in the ureter and the degree to which it is 

impacted there, as well as the degree of proximal ureteral 

dilation [3]. Electrohydraulic and pneumatic lithotrites are more 

prone for retrograde migration of calculi compared to others like 

ultrasonic or holmium:yttrium-aluminum-garnet(Ho:YAG) 

lasers [4]. However, with the case of Ho:YAG lasers the rate of 

stone retropulsion increases proportionally to the rise in pulse 

energy used or diameter of the optical fibre.  Proximal migration 

of the calculi are more when the stones are smaller or when the 

diameters of the proximal ureter is larger e.g. in hydronephrosis 

[3].  

 

The migration of stone fragments when performing lithotripsy 

carries an increased morbidity and cost burden to the patient 

[2,5]. Retrieval of these fragments may require variable 

additional procedures. These include flexible ureterorenoscopy, 

further fragmentation, need special retrieval apparatus, ureteric 

stenting, or in some cases extracorporeal shock wave lithotripsy 

[3,4]. Moreover, these fragments act as a nidus for infection or 

further growth or may lead to colic. Various devices have been 
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developed to ease extraction or ureteric calculi and prevent their 

retrograde migration during lithotripsy. However, these devices 

are far from perfect with each carrying its own limitation and 

variable success [6,7,8]. There are a number of accessory 

instruments that have come up recently, to place above a 

calculus so as to prevent migration of fragments proximally 

during ureteroscopy. They also facilitate extraction of fragments 

upon removal of these devices [3,4].  

 

The Stone Cone (Boston Scientific, Boston, MA) is coupling 

nitinol wire that’s about 0.43-mm into a 3F 

polytetrafluoroethylene (PTFE) sheath. The nitinol has a 

specialized tip which is shaped in concentric coils. When these 

coils are open and placed proximal to the stone they prevent any 

migration of the stone or its fragments during lithotripsy [9].  

Other option would be the use of 2cc of 2 percent lidocaine jelly 

that is instilled just proximal to the stone using a 5cc syringe to 

avoid migration of fragments to the proximal ureter [8]. The 

PercSys Accordion (Percutaneous System, Palo Alto, CA) is a 

unibody device of about 2.9F that has a Multifood polyurethane 

film backstop that can provide a 7-mm barrier when fully 

deployed [10]. 

 

A number of other devices are reported in literature however, of 

these occlusion devices; the Stone Cone (Microvasive; Boston 

Scientific Corp., Spencer, IN), N-Trap (Cook Urological, 

Spencer, IN) and lidocaine jelly installation proximal to ureteric 

stone, probably have the most successful profile [11,12]. In this 

review, we compared the safety and efficacy of these devices 

with lidocaine gel in minimizing retrograde migration of calculi 

and extraction of fragments during ureteroscopic lithotripsy. 

 

Overview of Antiretropulsion Devices  
Methodology  
 

A Narrative literature search was performed using Medline, 

Google Scholar and The Cochrane database of systematic 

reviews (CDSR), to identify relevant studies. Searches were 

restricted to publications in English and in the adult population 

from 1994 to December 2019. Separate searches were done with 
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the following search terms: anti-retropulsion device, ureteric 

stones, pneumatic lithotripsy, retrograde stone migration, stone-

free rates and ureteroscopy.  Article selection proceeded 

according to the search strategy based on Preferred Reporting 

Items for Systematic Reviews and Meta-analysis criteria. Only 

studies comparing different anti-retropulsion devices during 

ureteroscopy to prevent retrograde migration were included for 

further screening. Cited references from the selected articles 

retrieved in the search were also assessed for significant papers. 

Conference abstracts were not included because sufficient detail 

for the study is not available in an abstract. All authors and one 

independent reviewers completed this process, and all 

disagreements were resolved by their consensus. 

 

The Problem- Stone Migration during Ureteroscopy  
 

One of the major challenges a urologist faces during 

ureteroscopic lithotripsy is stone migration or retropulsion. There 

are several factors that play part here. It could be due to the 

energy transmission into the calculi used to fragment the stone 

during lithotripsy or the irrigation flow used during 

ureteroscopy. Inadvertent push has been commonly observed 

with pneumatic lithotripsy, ranging from 3 to 48%  in literature 

however this varies on the stones localization [2,13,14]. The risk 

of retrograde migration during Ho:YAG laser lithotripsy has 

been shown to be lower than other modalitiles [3]. There is a 

considerable higher risk of proximal migration when the ureter 

proximal to the stone is dilated. The risk of migration also 

increases the more proximal you are and depends on the 

operating surgeons experience with the procedure [11]. Higher 

volume centers with good experience in ureteroscopy have been 

able to achieve migration rates as low as 4–7% [12]. 

Different studies have shown various stone migration rates, with 

higher rates for stones in the proximal ureter when pneumatic 

intracorporeal lithotripsy was used. A study by Knispel et al 

found they had a migration rate of 40% for stones in the 

proximal ureter vs only 5% when the calculus presented in the 

distal ureter [13]. Robert et al also reported a 48% migration rate 

of stones in the proximal ureter [2]. Recently, Chow et al noted 

that this risk wasn’t eliminated with newer techniques, such as 
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laser lithotripsy or flexible ureteroscopy. Even they had 25% 

retrograde migration for proximal ureteric stones [15]. Most of 

the migrated stones or residual fragments need secondary 

procedures like shockwave lithotripsy or another ureteroscopy. 

Moreover, these residual fragments act as nidus for recurrent 

stone growth, renal colic or even infections. Additionally they 

increase costs and morbidity to the patient [3,16,17]. 

 

Various Options- Merits and Demerits  
 

An arsenal of devices and strategies have been developed in 

recent years to prevent proximal stone migration and aid 

extraction of stone fragments. These include Parachute 

(Microvasive; Boston Scientific), stone baskets Lithocatch 

(Microvasive; Boston Scientific),  Lithovac (Microvasive; 

Boston Scientific), Passport Balloon (Microvasive; Boston 

Scientific), NTrap (Cook Urological) and the Stone Cone 

(Microvasive; Boston Scientific) [8,12,16,17,18]. These devise 

have a number of limitations that prevent regular usage in 

lithotripsy. A major limiting factor is the need for all these 

devices to leave the device in the working field which is already 

limited; hence limiting maneuverability of the scope. The 

Lithocatch and Parachute are basket mesh-based models. The 

disadvantage of this model is that their basket may 

unintentionally trap fragments making it difficult to disengage 

them and potentially may cause ureteral injury [11]. Studies have 

demonstrated that ball-bearing ability to retrieve of the Parachute 

is similar to a basket [19]. Studies have also reported that using 

the 0.038- inch Passport balloon compromises the success rate of 

advancing a flexible ureteroscope past the stone [16].  

 

Another effective device to retrieve smaller fragments is The 

Dretler stone cone. This device has an additional safety feature, 

such that its coils begin to unwind in case the volume of 

fragments in the cone exceed the safety limit [20].  Moreover, 

the Dretler rotates ad unwinds when traction is applied to it. This 

process produces lower traction as compared to simple traction. 

 

Among other strategies used to prevent proximal migration is the 

use of baskets. There are some reported cases of wire or basket 
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damage during lithotripsy. Removal of these damaged baskets or 

parts is very challenging even the most experienced hands. 

Similarly, obstructing balloons may be used to prevent proximal 

migration. However, they work best in a system that is not 

dilated. If the proximal system is dilated, then the balloon may 

be too small to work effectively. Damage to the balloons by 

lithotripters have also been reported. 

 

Stone Cone (Boston ScientiWc, Natick, MA, USA) and N’Trap 

(Cook Urological, Bloomington, IN, USA) are more recent stone 

trapping devices that form proximal barriers to prevent stone 

migration. They have been shown to be effective by many 

studies. However, like other devices they too have some 

limitations. The N-Trap device unwinds by the force of the 

lithotripsy or if higher flows of irrigation are used. They too may 

not be able to fully occlude the ureters in cases where there is 

significant ureteric dilation beyond the diameter of its barrier.  

  

Cost Implications  
 

Retrograde migration of stone fragments carries with it several 

morbidities from prolonged operative time, to need for 

supplementary procedures, all increasing costs to various 

degrees. Most of these devices are disposable, so one must fairly 

justify their added cost for benefit. A study by Ursiny et al 

showed reviewed occlusion devices including BackStop, NTrap, 

Stone Cone and Lidocaine jelly and found that these devices 

would be cost effective when the proximal migration rate is 

greater than 6.3%. However, they reported that these data should 

be interpreted with caution because in reality there would be 

various treatment options for the retropulsed fragment. From 

observation, to use of flexible ureteroscopy or perhaps a 

secondary procedure, most often SWL or ureteroscopy. The 

limitation of their study was the assumption that all patients with 

proximal stone migration of stone fragment would undergo 

secondary procedures. Though the cost implications of each 

treatment modality would very, each modality could easily 

surpass the cost of these devices as shown in Table 1 [20, 21]. 

 

 



Prime Archives in Medicine: 2
nd

 Edition 

7                                                                                  www.videleaf.com 

Table 1: Antiretropulsion devices with cost. 

 

Device  Manufacturer  cost 

NTrap  Cook Urological $100 

PercSys Accordion Percutaneous system $325 

BackStop Boston Scientific $50 

Parachute Boston Scientific $99 

Lithocatch Boston Scientific $80 

Passport Balloon Boston Scientific $230 

Stone Cone Boston Scientific £215 

Lidocaine gel AstraZeneca pharma $3 

 

Lidocaine Gel Instillation  
 

Instillation of lidocaine high viscosity, jelly proximal to ureteral 

stones to prevent stone migration is a technique that has been 

reported. Once the procedure is done, the jelly can be washed off 

with irrigation or at times even let to dissolve on its own. There 

have been some studies that showed significantly higher stone 

free survival rates when compared to placebo that by Zehri et al 

[8]. However, a study by Sen et al. could not show that lidocaine 

was superior to other occlusive devices. On must also keep in 

mind that this technique too has its drawbacks like difficulty to 

wash the jelly with irrigation and jelly obscuring the view of the 

ureteroscopy [21]. 

 

Conclusion  
 

Hunt for ideal anti-retrograde migration device still continue in 

21
st
 century, each tool as drawbacks and benefits, multiple 

gadgets as driven successful results, but one has to look for a 

device which is easy to place, overcome fragment migration and 

allow the passage of intracorporeal lithotriptors, guidewires and 

stents following stone fragmentation. More importantly cost 

effective to the patient as compare to ancillary procedures, 

xylocaine jelly has low cost and easily available with 

comparable stone free rate and reduce auxiliary procedure rate 

but high volume studies are required to justify the benefits.  
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Abstract  
 

Background: The morbidity and mortality of acute respiratory 

distress syndrome (ARDS) remains high, and the strategic focus 

of ARDS research has shifted toward identifying patients at high 

risk of mortality early in the course of illness. This study 

intended to identify the heart rate variability (HRV) measure that 

can predict the outcome of patients with ARDS on admission to 

the surgical intensive care unit (SICU).  

 

Methods: Patients who had lung or esophageal cancer surgery 

were included either in the ARDS group (n = 21) if they 

developed ARDS after surgery or in the control group (n = 11) if 

they did not. The ARDS patients were further stratified into 

survivors and non-survivors subgroups according to their 

outcomes. HRV measures of the patients were used for statistical 

analysis.  

 

Results: The mean RR interval (mRRI), high-frequency power 

(HFP) and product of low-/high-frequency power ratio tidal 
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volume and tidal volume (LHR*VT) were significantly lower (p 

< 0.05), while the normalized HFP to VT ratio (nHFP/VT) was 

significantly higher in the ARDS patients (p = 0.011). The total 

power (TP), low-frequency power (LFP), HFP and HFP/VT were 

all significantly higher in the non-survived ARDS patients, 

whereas Richmond Agitation-Sedation Scale (RASS) was 

significantly lower in the non-survived ARDS patients. After 

adjustment for RASS, age and gender, firth logistic regression 

analysis identified the HFP, TP as the significant independent 

predictors of mortality for ARDS patients.  

 

Conclusions: The vagal modulation of thoracic surgical patients 

with ARDS was enhanced as compared to that of non-ARDS 

patients, and the non-survived ARDS patients had higher vagal 

activity than those of survived ARDS patients. The vagal 

modulation-related parameters such as TP and HFP were 

independent predictors of mortality in patients with ARDS on 

admission to the SICU, and the HFP was found to be the best 

predictor of mortality for those ARDS patients. Increased vagal 

modulation might be an indicator for poor prognosis in critically 

ill patients following thoracic surgery. 
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EPV-10-10 events per Variable; ALIS- Acute Lung Injury Score; 

APACHE- Acute Physiology and Chronic Health Evaluation; 

ARDS- Acute Respiratory Distress Syndrome; AaDO2-Alveolar-
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Anesthesiologists; PaCO2- Arterial Partial Pressure of Carbon 

Dioxide; PaO2- Arterial Partial Pressure of Oxygen; HCO3
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CVRR - Coefficient of Variation of RRI; Cdyn- Dynamic 

Compliance; ECG- Electrocardiographic; ECMO- 

Extracorporeal Membrane Oxygenation; FIO2- Fraction of 

Inspired Oxygen; HRV- Heart Rate Variability; HFP- High-

Frequency Power; Tinsp- Inspiration Time; Pinsp- Inspiratory 

Pressure; I/O- Intake/Output; ICU- Intensive Care Unit; RR- 

Respiratory Rate; LF- Low-Frequency; LFP- Low-Frequency 

Power; LHR- Low-/High-Frequency Power Ratio; mRRI- Mean 

RR Interval; MV- Minute Ventilation; nHFP- Normalized HFP; 



Prime Archives in Medicine: 2
nd

 Edition 

5                                                                                www.videleaf.com 

nLFP- Normalized LFP; nVLFP- Normalized VLFP; PSD- 

Power Spectral Density; PEEP- Positive End-Expiratory 

Pressure; ROC- Receiver Operating Characteristic; RASS- 

Richmond Agitation-Sedation Scale; RMSSD- Root Mean 

Squared Successive Difference of RRI; RRI- RR Intervals; 

SDNN- Standard Deviation of normal-to-normal QRS Intervals; 

SDRR- Standard Deviation of RRI; SICU- Surgical Intensive Care 

Unit; VT- Tidal Volume; TP- Total Power; TNF- Tumor Necrosis 
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Background  
 

Acute respiratory distress syndrome (ARDS)
 
is a life threatening 

lung condition that affects both medical and surgical patients 

[1,2]. Postoperative ARDS is a recognized complication after 

lung resection or esophagectomy for cancer [3-5]. The incidence 

of ARDS after these procedures was 1-3% [3,6], and the overall 

hospital mortality rates associated with ARDS were over 40% 

[5-8]. 

 

Many scoring systems have been developed and used in the 

intensive care unit (ICU) to monitor the treatment and predict the 

outcomes of patients with ARDS. For instance, Navarrete-

Navarro et al. [9] showed that the ICU mortality of trauma 

patients with ARDS was related to the Acute Physiology and 

Chronic Health Evaluation (APACHE) III score and PaO2/FIO2 

on the 3rd day. Luecke et al. [10] showed that the APACHE II 

was the only clinical predictor for mortality on admission to the 

ICU. Bauman et al. [11] showed that the lung injury score was 

reliable for predicting mortality in critically ill surgical patients. 

 

The autonomic nervous system is important for the maintenance 

of homeostasis. A wide range of pathophysiologic conditions can 

influence the balance in the autonomic nervous system. Heart 
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rate variability (HRV) refers to the variation of interbeat 

intervals due to respiration and other physiological inputs. The 

assessment of HRV is based on the analysis of consecutive 

normal R-R intervals, and may provide clinicians with 

quantitative information about cardiac autonomic nervous 

modulation. HRV can be quantified by time domain and 

frequency domain parameters. Thus, HRV analysis has become a 

useful non-invasive technique for evaluation of cardiac 

autonomic nervous modulation in many kinds of illnesses [12].  

 

Previous studies have reported that HRV measures are decreased 

in survivors of cardiac arrest [13]. Some studies found that the 

standard deviation of normal-to-normal QRS intervals (SDNN), 

one of six commonly used time-domain HRV measures, is a 

significant parameter for long-term prognosis in patients with 

acute myocardial infarction [14,15]. Tibby et al. [16] showed 

that the loss of HRV occurs with increasing organ failure, and 

that this effect is better demonstrated by the power-law model of 

HRV than by other measures of HRV. Annane et al. [17] 

reported that the low-frequency (LF) component of the 

oscillations in heart rate and diastolic blood pressure variability 

are dramatically reduced in patients with septic shock, and that 

the decrease in the LF component may identify septic patients 

with a high level of sympathetic activation. Pontet et al. [18] 

demonstrated that reduction of HRV in patients on ICU 

admission may be useful in identifying septic patients at risk for 

the development of multiple organ dysfunction syndromes. In 

patients with severe sepsis, depressed sympathetic modulation 

has been found to be indicative of poor outcome [19]. In patients 

in the emergency department who have been successfully 

resuscitated after out-of-hospital cardiac arrest, the initial HRV 

measures resemble those of severe sepsis and are capable of 

predicting 24-hour mortality [20,21]. In the emergency 

department, the characteristics of HRV can predict impending 

septic shock in patients with sepsis [22]. These studies suggest 

that HRV measures might be useful for the monitoring of 

patients with various kinds of diseases, including ARDS, and for 

predicting their prognosis. 
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Despite significant advances in the management of patients with 

ARDS in the past fifty years, the morbidity and mortality of 

ARDS remains high, and the strategic focus of ARDS research 

has shifted toward identifying patients with or at high risk of 

ARDS early in the course of their illnesses [23]. Thus, the aim of 

this study was to evaluate the possibility of using HRV measures 

to predict the outcome in patients with ARDS on admission to 

the surgical intensive unit (SICU). 

 

Methods  
Research Design  
 

This was a prospective, single-centric, case-controlled study. The 

study protocol has been approved by the Institutional Review 

Boards of National Taiwan University Hospital 

(NTUH200808065R) and Taipei Veterans General Hospital 

(VGHIRB97-01-02A), and written informed consent was 

obtained from the patients or the next of kin of the patients 

before their enrollment in the study. 

 

Study Participants  
 

This study was conducted in the SICU of National Taiwan 

University Hospital. All the recruited patients were over 18 years 

old. They were partitioned into an ARDS group and a control 

group. The ARDS group consisted of patients who had received 

thoracic surgery because of lung or esophageal cancer and were 

transferred to the SICU for intensive care because of ARDS 

later. The control group consisted of patients who had received 

thoracic surgery because of lung or esophageal cancer and were 

transferred to the SICU for post-operative care. The ARDS was 

diagnosed according to the Berlin Definition [2]. A draft 

definition proposed 3 mutually exclusive categories of ARDS 

based on the degree of hypoxemia: mild (200 mm 

Hg < PaO2/FIO2 ≤ 300 mm Hg), moderate (100 mm 

Hg < PaO2/FIO2 ≤ 200 mm Hg), and severe (PaO2/FIO2 ≤ 100 

mm Hg) with 4 ancillary variables for severe ARDS: 

radiographic severity, respiratory system compliance (≤ 40 

mL/cm H2O), positive end-expiratory pressure (≥ 10 cm H2O), 

and corrected expired volume per minute (≥ 10 L/min). Patients 
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with severe coronary artery disease, persistent arrhythmia, 

cardiac pacing, diabetes mellitus, cerebral vascular accident, or 

major diseases of kidney or autoimmune system were excluded 

from the study. 

 

Physiological Measurements  
 

All patients required intubation and mechanical ventilation. The 

acute lung injury score (ALIS) [24], alveolar-arterial oxygen 

difference (AaDO2), APACHE II [25], demographic data, vital 

signs, medications, ventilator parameters including respiratory 

rate (RR), inspiratory pressure (Pinsp), inspiration time (Tinsp), 

tidal volume (VT), positive end-expiratory pressure (PEEP), 

minute ventilation (MV), fraction of inspired oxygen (FIO2), 

dynamic compliance (Cdyn), and arterial blood gases data were 

recorded within 4 hours of admission to the SICU. 

Electrocardiographic (ECG) signals were recorded for 12 

minutes in supine position using the MP35 multichannel recorder 

(BIOPAC Systems, Goleta, CA, USA). The primary outcome 

measure was survival at discharge from the SICU. Patients who 

survived the ARDS were classified as the survivors, while those 

patients who did not survive the ARDS were classified as non-

survivors. Clinical information obtained in the SICU and the 

outcomes of the patients were blinded to the investigator who 

performed the HRV analysis and clinical data collection. 

 

HRV Analysis  
 

Power spectral density (PSD) analysis by using parametric 

autoregressive modeling or non-parametric Fourier transform 

provides the basic information about the power (variance) 

distributes of experimental data as a function of frequency. The 

Fourier transform decomposes a signal into its constituent 

frequencies. The Fourier transform of a signal is a complex-

valued function of frequency, whose absolute value represents 

the amount of that particular frequency present in the signal. The 

power of a particular frequency band is calculated by integrating 

the PSD within that frequency band. Thus, the Fourier transform 

is the frequency domain representation of the original signal 

[26]. 
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The method used for the HRV analysis adhered to the standards 

laid down by the Task Force of the European Society of 

Cardiology and the North American Society of Pacing and 

Electrophysiology [12]. All ectopic beats were removed and the 

missing data were replaced by interpolated beats derived from 

the nearest valid data. Any patient with more than 5% of ectopic 

beats was excluded from the study. The last 512 stationary RR 

intervals (RRI) were used for HRV analysis. 

 

The time domain HRV measures included mRRI, standard 

deviation of RRI (SDRR), coefficient of variation of RRI (CVRR), 

and root mean squared successive difference of RRI (RMSSD). 

The power spectrum of RRI was obtained by means of fast 

Fourier transformation (Mathcad 15, Mathsoft Inc.). The areas 

under the spectral peaks within the range of 0.01–0.04 Hz, 0.04–

0.15 Hz, 0.15–0.5 Hz, and 0.01–0.5 Hz were defined as the very 

low-frequency power (VLFP), LFP, high frequency power 

(HFP), and TP, respectively. The normalized VLFP (nVLFP = 

VLFP/TP×100) was used as the index of renin-angiotensin-

aldosterone modulation, thermal regulation and vagal 

withdrawal; the normalized LFP (nLFP = LFP/TP×100) as the 

index of combined sympathetic and vagal activities; the 

normalized HFP (nHFP = HFP/TP×100) and HFP as the index of 

cardiac vagal activity; and the low-/high-frequency power ratio 

(LHR = LFP/HFP) as the index of sympathovagal balance. Since 

the HFP and nHFP can be influenced by carbon dioxide, 

respiratory rate and tidal volume (VT) [27], the HFP/VT and 

nHFP/VT were used as the VT-corrected indices of vagal 

modulation, and the LHR*VT was used as the VT-corrected index 

of sympathovagal balance [20]. 

 

Statistical Analysis  
 

Continuous variables were compared between the two groups of 

patients using Mann–Whitney U test. Fisher’s exact test was 

used for comparisons of categorical data. Pearson product 

moment analysis was performed to find the correlations among 

HRV measures and clinical variables of the patients. The Firth 

logistic regression and multiple linear regression models were 

employed to identify the most important independent predictors 
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of mortality and ICU stay day, respectively. Firth’s penalized 

likelihood approach was used to reduce the bias of the parameter 

estimates due to small sample size. Significant HRV measures in 

the univariate analyses of differences between the two subgroups 

of ARDS patients were included in the multivariate analyses. In 

this study, the 10 events per variable (EPV-10) rule [28, 29] was 

used in logistic regression model to avoid the overfitting 

problem, which is a generally accepted criterion in multivariable 

analysis. With a sample size of 32 patients (11 patients in the 

control group and 21 patients in the ARDS group), the inclusion 

of only three variables in the multivariate analysis to ensure 

adequate statistical power is reasonable. The binary receiver 

operating characteristic (ROC) curves for statistically 

independent variables associated with mortality were drawn. All 

statistical analyses were performed using R software (version 

i386 3.3.2, https://www.r-project.org/) and the contributed R 

package logistic for Firth’s penalized-likelihood logistic 

regression. A p < 0.05 was considered statistically significant. 

 

Results  
 

During the 2 years study period, 22 patients developed ARDS 

among the 817 patients that received lung or esophageal surgery. 

Thus the incidence rate of ARDS after thoracic surgery for lung 

or esophageal surgery was 2.69%. Among those 22 ARDS 

patients, 15 were included in the ARDS group while 7 were not 

because of arrhythmia. Six patients who were not operated 

during this admission but had thoracic surgery within past 1 year 

and developed ARDS due to rapidly progressing pneumonia 

were also admitted and included in the ARDS group. Thus, there 

were 11 patients in the non-ARDS group and 21 patients in the 

ARDS group. 

 

Fentanyl (5~10 µg·hr-1) was administered to the patients during 

the post-operative period for post-surgical pain killing. The 

Fentanyl was given to the non-ARDS patients for 24-48 hours, 

while it was given to the ARDS patients for more than 48 hours. 

Midazolam (1~2 mg/hr) was used to maintain Richmond 

Agitation-Sedation Scale (RASS) 0 ~ -2 in both groups, and 

dopamine and norepinephrine (0.05 ~ 0.11 μg·hr
-1

·min
-1

) were 

https://www.r-project.org/
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used in 8 patients in the ARDS group to keep mean blood 

pressure > 60 mmHg to maintain proper cerebral perfusion 

pressure. The ECG recordings were taken within 4 hours of 

transfer to the SICU in all patients. 

 

In the control group, 6 patients had lung cancer and 5 patients 

had esophageal cancer. In the ARDS group, 9 patients had lung 

cancer, 5 patients had esophageal cancer, 1 patient had 

esophageal rupture, and 6 patients had pneumonia-induced 

ARDS after the thoracic surgery. Six patients out of 11 patients 

in the control group were classified as American Society of 

Anesthesiologists (ASA) I, and 5 patients as ASA II. For the 21 

patients in the ARDS group, 1 patient was classified as ASA I, 5 

patients as ASA II, 4 patients as ASA III. Six patients in the 

ARDS group had no ASA classification because they were not 

operated during this admission, but had thoracic surgery within 

past 1 year, and were admitted due to ARDS caused by rapidly 

progressing pneumonia (Table 1).  

 

Ten patients in the control group received video-assisted thoracic 

surgery (VATS) for lobectomy or esophageal resection, and 1 

patient received VATS for laminectomy because of lung cancer 

metastasis. In the ARDS group, 12 patients received VATS for 

lobectomy or esophageal resection, 3 patients received open lung 

surgery, and 6 patients received thoracic surgery within the past 

1 year who were admitted to the SICU because of ARDS caused 

by pneumonia (Table 1).  
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Table 1: Comparison between patients with and without ARDS. 

 

  Non-ARDS ARDS  p value 

 (n = 11)  (n = 21) 

Clinical data 

Age (year) 62 (57 - 67) 63 (50 – 71) 0.889 

Body height (cm) 154 (151 - 171) 167 (163 - 170) 0.176 

Body weight (kg) 65 (57 - 76) 63 (58 - 72) 0.953 

APACHE II 9 (6 - 12) 16 (11 - 19) 0.002 

Pre-operation 

Lung cancer/Esophageal cancer 6/5 9/5 0.697 

Hypertension (Yes/No) 3/8 4/17 0.667 

ASA 1 (1 - 2) 2 (2 - 3) 0.005 

VATS/open surgery 11/0 12/3 0.667 

Blood transfusion (Yes/No) 5/6 5/10 0.457 

Airway management 9/2 10/5 0.540 

(double-lumen tube/bronchus blocker) 

Anesthesia (volatile/intravenous) 11/0 15/0 1.000 

Surgery time (minute) 255 (245 - 450) 250 (165 - 375) 0.474 

Intraoperative I/O (ml) 2000 (1500 - 2400) 1300 (650 - 1800) 0.015  

ICU stay days (day) 4 (2 - 4) 25 (13 - 42) <0.001 

RASS 0 (0 - 0) -1 (-1 - 0) 0.001 

Ventilator free hours 0 (0 - 0) 48 (24 -68) NA 

Medications 

Midazolam (Yes/No) 4/7 20/1 <0.001 

Fentanyl (Yes/No) 11/0 21/0 1.000 

Norepinephrine (Yes/No) 0/11 8/13 0.021 

Dopamine (Yes/No) 0/11 3/17 0.531   

Ventilator settings 

FIO2 0.40 (0.40 - 0.40) 0.70 (0.60 - 0.93) <0.001 

PEEP (cmH2O) 5.0 (5.0 - 7.6) 10.0 (9.7 - 12.0) <0.001 

RR (bpm) 12 (12 - 13) 17 (16 - 27) <0.001 

Pinsp (cmH2O) 20 (20 - 20) 20 (17 - 22) 1.000 

Tinsp (sec) 0.9 (0.9 - 1.0) 0.9 (0.8 - 1.0) 0.546 

VT (ml)  490 (470 - 617) 420 (380 - 540) 0.004 

MV (l/min) 6.0 (5.6 - 8.3) 9.0 (6.6 - 10.6) 0.142 

Cdyn (ml/cmH2O) 25.0 (23.5 - 32.0) 21.1 (18.0 - 26.7) 0.010 

Arterial gas analysis     

  pH 7.42 (7.37 - 7.46) 7.44 (7.39 - 7.47) 0.524 

PaO2 (mmHg) 171 (133 - 230) 79 (67 - 97) <0.001 

PaCO2 (mmHg) 32 (27 - 39) 39 (32- 42) 0.043 

HCO3
- (mmol/l) 20 (19 - 22) 26 (21 - 28) 0.017 

PaO2/FIO2 (mmHg) 477 (343 - 559) 106 (86 - 171) <0.001 

AaDO2 (mmHg) 47 (34 - 104) 368 (266 - 531) <0.001 

Time domain HRV measures 

mRRI (ms) 684 (589 - 874) 604 (524 - 649) 0.017 

SDRR (ms) 32 (28 - 43) 29 (25 - 36) 0.132 

CVRR (%) 4.7 (4.5 - 4.9) 4.5 (4.5 - 5.0) 0.284 

RMSSD (ms) 31 (28 - 41) 29 (25 - 37) 0.204 
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Frequency domain HRV measures 

TP (ms2) 267 (206 - 614) 212 (134 - 316) 0.068 

VLFP (ms2) 29 (22 - 92) 21 (11 - 47) 0.068 

LFP (ms2) 73 (48 - 168) 54 (39 - 78) 0.052 

HFP (ms2) 171 (131 - 387) 122 (83 - 176) 0.043 

HFP/VT (ms2/ml) 0.35 (0.22 - 0.81) 0.31 (0.21 - 0.44) 0.383 

nVLFP (nu) 11.0 (8.6 - 14.2) 9.3 (7.9 – 14.1) 0.341 

nLFP (nu) 27.4 (24.5 - 27.8) 27.9 (26.9 - 28.5) 0.361 

nHFP (nu) 62.0 (60.0 - 64.0) 62.9 (59.4 - 63.6) 0.890 

nHFP/VT (nu/ml) 0.11 (0.10 - 0.13) 0.15 (0.12 - 0.18) 0.011 

LHR 0.45 (0.43 - 0.47) 0.45 (0.44 - 0.48) 0.937 

LHR*VT (1/ml) 228 (209 - 282) 186 (149 - 238) 0.010 

 

Data are presented as medians (25% - 75% interquartile range). APACHE II = Acute Physiology and Chronic Health Evaluation II; ASA = American Society of Anesthesiologists; VATS = Video-

Assisted Thoracic Surgery; I/O = intake/output; RASS = Richmond Agitation-Sedation Scale; FIO2 = fraction of inspired oxygen; PEEP = positive end-expiratory pressure; RR= respiratory rate; 

Pinsp = inspiratory pressure; Tinsp = inspiration time; VT = tidal volume; MV = minute ventilation; Cdyn = dynamic compliance; PaO2 = partial pressure of arterial oxygen; PaCO2 = partial pressure 

of arterial carbon dioxide; HCO3 - = bicarbonate; AaDO2 = alveolo-arterial oxygen difference; ALI score = acute lung injury score; RASS = Richmond Agitation-Sedation Scale; mRRI = mean RR 

interval; SDRR = standard deviation of RR intervals; CVRR = coefficient of variation of RR intervals; RMSSD = root mean squared successive difference; TP = total power; VLFP = very low-

frequency power; LFP = low-frequency power; HFP = high-frequency power; nVLFP = normalized VLFP; nLFP = normalized LFP; nHFP = normalized HFP; body weight; LHR = 4 low-/high- 

frequency power ratio; ml = milliliter; bpm = beats per minute; ms = milliseconds; nu = normalized unit; NA, notassessed. 
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In the control group, 2 patients received bronchus blocker, and 9 

patients received double-lumen intubation. In the ARDS group, 

15 patients received thoracic surgery during this admission; 

among them, 5 patients received bronchus blocker and 10 

patients received double-lumen intubation. All the 26 patients 

who received thoracic surgery during this admission were 

operated under Desflurane and Sevoflurane anesthesia 

(minimum alveolar concentration: 0.8-1.1 Vol%). Five out of the 

11 patients in the control group received blood transfusion; the 

transfusion rate in the control group was 45.5%. In the ARDS 

group, 6 out of the 15 patients who received thoracic surgery 

during this admission had blood transfusion. Therefore, the 

transfusion rate was 40% in the ARDS group. The duration of 

surgery in the control group was 255 (245-450) minutes (median 

and interquartile range), whereas the duration of surgery in the 

ARDS group was 250 (165-375) minutes (Table 1).  

 

Tables 1 shows that the ARDS patients had higher RR, required 

higher FIO2 and PEEP during ventilation. The VT, Cdyn, PaO2 

and PaO2/FIO2, intraoperative intake/output (I/O) of the ARDS 

patients was significantly lower (p < 0.01), whereas the arterial 

partial pressure of carbon dioxide (PaCO2), bicarbonate (HCO3
-
), 

ASA classification, and AaDO2 of the ARDS patients were 

significantly higher than those of non-ARDS patients (p < 0.05). 

The mRRI, HFP and LHR*VT were significantly lower (p < 

0.05), while the nHFP/VT was significantly higher in the ARDS 

patients (p = 0.011). Table 2 shows that there were no significant 

differences in most ventilator settings, disease severity scores 

including ALIS, AaDO2, APACHE II, intraoperative anesthesia 

control, blood transfusion rate, fluid balance, and blood gas data 

between the survivors and non-survivors of ARDS. However, the 

Pinsp, PaCO2, HCO3
-
, TP, LFP, HFP, and HFP/VT of the non-

survivors were higher than those of the survivors (p < 0.05), and 

RASS of the non-survivors was significantly lower than that of 

the survivors (p = 0.040). 

 

Pearson product moment analysis among the significantly 

different HRV measures between the survived and non-survived 

ARDS patients showed that the TP, LFP, HFP, and HFP/VT also 
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correlated significantly and positively with one another (Table 

3), but these HRV measures did not correlate with RASS 

 

Firth logistic regression analysis was used to assess the risk of 

mortality (dependent variable) in ARDS patients. The ASA 

classification, intraoperative anesthesia, fluid balance, drugs, 

etc., were not significantly different between the survivors and 

non- survivors of ARDS; only the RASS of the non-survivors 

was significantly lower than that of the survivors (Table 2). In 

univariate analysis, the TP, HFP and RASS were found to be the 

significant predictors of mortality for ARDS patients in the 

SICU (p < 0.05) (Table 4). Since the TP and HFP were highly 

correlated with each other while the RASS did not correlate with 

either TP or HFP (Table 3), two separate models in multivariate 

analysis including HFP and TP adjusted for RASS, age and 

gender were used. After adjustment for RASS, age and gender, 

the HFP (p = 0.025) and TP (p = 0.024) were found to be the 

significant independent predictors of mortality in ARDS patients 

in the SICU (Table 4). 

 

As depicted in Figure 1, the AUCs and 95% confidence intervals 

(CI) of TP and HFP in predicting mortality in ARDS patients on 

admission to the SICU were 0.850 (95% CI = 0.685-1.000; p = 

0.021) and 0.888 (95% CI = 0.741-1.000; p = 0.010), 

respectively. Among all variables assessed in this study, HFP 

was the best predictor in predicting mortality in ARDS patients 

on admission to the SICU. 
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Table 2: Comparison between survivors and non-survivors in patients with ARDS. 

 

 Survivors Non-survivors p value 

 (n = 16) (n = 5) 

Clinical data 

Age (year) 59.5 (41.8 - 70.0) 71.0 (59.5 - 77.5) 0.136 

Body height (cm) 167 (163 - 170) 166 (154 - 170) 0.835 

Body weight (kg) 64 (59 - 71) 62 (57 - 80) 0.773 

ALI score 13 (10 - 14) 13 (12 - 15) 0.557 

APACHE II 14 (10 - 19) 18 (14 - 29) 0.185 

Pre-operation 

Hypertension (Yes/No) 2/14 2/3 0.228 

ASA 2 (2 - 3) 2 (2 - 3) 0.768 

VATS/open surgery 8/2 4/1 0.660 

Surgery time (minute) 210 (280 - 457) 320 (220 - 345) 1.000 

Blood transfusion (Yes/No) 5/5 1/0 0.719 

Airway management 7/3 3/2 0.768 

(double-lumen tube/bronchus blocker)  

Anesthesia (volatile/intravenous) 10/0 5/0 1.000 

Intraoperative I/O 780 (1350 -1800) 1300 (600 -1600) 0.679 

ICU stay days 21 (11 - 44) 25 (20 - 43) 0.535 

RASS -1 (-1 - 0) -2 (-2 - -1) 0.040 

Ventilator free hours 48 (24 - 68) 0 (0 - 10) 0.177 

Re-thoracotomy (Yes/No) 0/16 0/5 1.000 

Re-intubation rate (Yes/No) 5/16 2/0 0.780 

SOFA score 8 (7 - 10) 7 (7 - 8) 0.313 

WBC 13.3 (7.7 - 13.4) 12.9 (11.1 - 14.0) 0.905 

CRP 21.5 (10.9 - 22.6) 12.4 (11 - 19.7) 0.495 

Medications 

Midazolam (Yes/No) 15/1 5/0 1.000 

Fentanyl (Yes/No) 16/0 5/0 1.000 

Norepinephrine (Yes/No) 6/10 2/3 1.000 

Dopamine (Yes/No) 2/13 1/4 0.842 

Ventilator settings 

FIO2 0.70 (0.56 - 0.94) 0.65 (0.60 - 0.93) 0.901 

PEEP (cmH2O) 10.0 (8.5 - 12.0) 10.2 (9.7 - 13.5) 0.552 

RR (bpm) 16.5 (15.3 - 23.0) 26.0 (20.0 - 27.5) 0.156 

Pinsp (cmH2O)  18.0 (15.3 - 20.0) 22.0 (20.0 - 22.5) 0.039 

Tinsp (sec) 0.9 (0.8 - 1.0) 0.9 (0.8 - 1.0) 0.548 

VT (ml) 425 (385 - 545) 390 (305 - 493) 0.385 

MV (l/min) 8.0 (6.6 - 10.5) 10.2 (6.9 - 12.9) 0.363 

Cdyn (ml/cmH2O) 21.6 (18.5 - 32.0) 19.0 (13.9 - 23.4) 0.231 

Arterial gas analysis     

  pH 7.42 (7.38 - 7.45) 7.47 (7.42 - 7.49) 0.074 

PaO2 (mmHg) 78 (67 - 97) 90 (66 - 103) 0.772 

PaCO2 (mmHg) 38 (29 - 41) 40 (39 - 51) 0.043 

HCO3- (mmol/l) 24 (19 - 27) 30 (28 - 33) 0.003 

PaO2/FIO2 (mmHg) 115 (84 - 180) 106 (83 – 171) 0.901 

AaDO2 (mmHg) 384 (256 – 536) 352 (275 - 516) 0.967 
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Time domain HRV measures 

mRRI (ms) 569 (496 - 636) 655 (600 - 761) 0.063 

SDRR (ms) 28 (23 - 34) 31 (30 - 41) 0.063 

CVRR (%) 4.51 (4.47 - 4.77) 4.98 (4.49 - 6.03) 0.409 

RMSSD (ms) 27 (23 - 35) 34 (31 - 44) 0.052 

Frequency domain HRV measures 

TP (ms2) 161 (113 - 246) 274 (234 - 529) 0.023 

VLFP (ms2) 13 (9 - 55) 22 (20 - 70) 0.231 

LFP (ms2) 47 (32 - 59) 75 (64 - 127) 0.023 

HFP (ms2) 101 (71 - 133) 175 (148 - 335) 0.012 

HFP/VT (ms2/ml) 0.23 (0.18 - 0.32) 0.64 (0.35 - 0.82) 0.007 

nVLFP (nu) 9.7 (7.9 - 14.3) 8.9 (6.3 - 14.4) 0.710 

nLFP (nu) 27.9 (26.9 - 28.8) 27.4 (22.4 - 28.3) 0.509 

nHFP (nu) 62.0 (59.4 - 63.5) 63.7 (57.5 - 71.0) 0.127 

nHFP/VT (nu/ml) 0.15 (0.10 - 0.16) 0.17 (0.12 - 0.24) 0.386 

LHR 0.45 (0.44 - 0.48) 0.43 (0.33 - 0.50) 0.127 

LHR*VT (1/ml) 189 (179 - 254) 161 (95 - 238) 0.302 

 

Data are presented as medians (25% - 75% interquartile). ALI = acute lung injury score; RASS = Richmond Agitation-Sedation Scale; RASS = Richmond Agitation-Sedation Scale; SOFA = 

Sequential Organ Failure Assessment; WBC = white blood cells; CRP = C-reactive protein. Other abbreviations are the same as those depicted in Table 1. 

 

Table 3. Correlation coefficient in the Pearson product moment correlation analyses of HRV parameters and RASS in patients with ARDS 

 

 LFP HFP HFP/VT RASS 

TP 0.958* 0.955* 0.793* 0.181 

LFP  0.870* 0.725* 0.235 

HFP   0.878* 0.019 

 

*p < 0.05. HFP = high-frequency power; TP = total power; LFP = low-frequency power; VT = tidal volume; RASS = Richmond Agitation-Sedation Scale. 

 

Table 4. Firth logistic regression analyses for predicting the mortality of patients with ARDS 

 

  

  

Univariate Model Multivariate model 1 

Adjusted for HFP, RASS, age and gender  

Multivariate model 2 

Adjusted for TP, RASS, age and gender 

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value 

HFP 1.013 (1.002,1.03) 0.020 1.016 (1.002,1.149) 0.025   

TP 1.007 (1.00,1.02) 0.047   1.010 (1.001,1.065) 0.024 

LFP 1.021 (0.998,1.05) 0.080     

 

OR = odds ratio; 95% CI = 95% profile-likelihood confidence intervals; HFP = high-frequency power; TP = total power; LFP = low-frequency power. 
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Figure 1: The areas under the ROC curves (AUC) and 95% confidence 

intervals (CI) of TP and HFP in predicting the mortality of ARDS patients on 

admission to the SICU were 0.850 (95% CI = 0.685 - 1.000; p = 0.021), and 

0.888 (95% CI = 0.741 - 1.000; p = 0.010), respectively.  

 

Linear regression analysis was used to assess the association 

between ICU stay days (dependent variable) and HRV measures 

in ARDS patients. It was found that the TP (p = 0.681), LFP (p = 

0.740), HFP (p = 0.686) and RASS (p = 0.108) were not 
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significantly associated with the days of ICU stay of ARDS 

patients in the SICU (Table 5). 

 
Table 5. Linear regression analyses for predicting the ICU stay days in patients 

with ARDS 

 

 Univariate analysis 

Unstandardized coefficients p value 

B Standard Error 

TP 0.005 0.011 0.681 

LFP -0.008 0.024 0.740 

HFP -0.005 0.012 0.686 

RASS -0.615 0.361 0.108 

 

The ICU stay days were analyzed in ln-transformation manner due to non-

normality property. HFP = high-frequency power; TP = total power; LFP = 

low-frequency power. 

 

Discussions  
 

Spectral HRV analysis allows us to differentiate between 

branches of the autonomic nervous system [12] and to assess the 

autonomic modulation of critically ill patients [16-22]. This 

study compared the clinical characteristics and HRV measures 

between non-ARDS and ARDS patients, and between ARDS 

patients who survived and did not survive. It was found that the 

HFP was significantly lower (p = 0.043) while the nHFP/VT was 

significantly higher (p = 0.011) in the ARDS group compared 

with those in the non-ARDS group, and that the non-survived 

ARDS patients had higher TP, LFP, HFP, and HFP/VT than the 

survived ARDS patients had. After adjustment for RASS, age 

and gender, firth logistic regression analysis identified HFP and 

TP as the independent predictors of mortality in ARDS patients 

on admission to the SICU. The HFP was found to be the best 

predictor of mortality in ARDS patients.  

 

Many studies have proposed that clinical laboratory data and 

HRV measures can be used to predict the prognosis of certain 

diseases. For instance, Luhr et al. [30] showed that age and 

acute physiologic score were associated with mortality in the 

ARDS patients. Phillips et al. [31] had shown that the lung injury 

score of non-survivors was significantly higher than that of 
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survivors in patients with ARDS. Swaroopa et al. [32] had 

shown that the APACHE II score was significantly higher in 

non-survivors as compared to survivors in patients with ARDS. 

In this study it was found that the APACHE II, ALIS, 

PaO2/FIO2 and AaDO2 were not significantly different between 

the survived and non-survived ARDS patients; instead, the HFP 

and TP were found to be the independent predictors of mortality 

in ARDS patients on admission to the SICU (p < 0.05). This 

result suggested that the non-invasive HRV indices such as HFP 

and TP were more sensitive than the conventional scores or 

indices such as APACHE II, ALIS, PaO2/FIO2 and AaDO2 in 

predicting the outcome of surgical patients with ARDS. Because 

of its non-invasiveness and close relation with the autonomic 

control of heart rate, HRV is often used in the monitoring and 

prognosis of critically ill patients. For instance, Longin et al. [33] 

studied the differences in HRV variables during extracorporeal 

membrane oxygenation (ECMO) therapy between survivors (n = 

6) and non-survivors (n = 7) and found that the survivors showed 

a tendentious, but not significant, decrease in HRV variables 

(ECMO-start vs. ECMO-stop), while the non-survivors had 

elevated HRV values. Winchell et al. [34] showed that both low 

TP and LHR were associated with increased mortality, while 

sympathetic predominance favored survival in the ICU setting. 

Chen et al [35] found that a worse oxygenation status is 

associated with increased cardiac vagal and decreased cardiac 

sympathetic activities in patients with chronic obstructive 

pulmonary disease (COPD). For patients with sepsis in the 

emergency department, Chen et al. [36] also found that the 

SDNN, TP, VLFP, LFP, and LHR were all significantly lower 

while the nHFP was significantly higher in the non-survivors of 

sepsis. In another study, Chen et al. [20] further showed that the 

LFP, nLFP and LHR were significantly lower while the 

RMSSD, HFP, HFP/VT, nHFP, and nHFP/VT were significantly 

higher in the non-survivors of patients with out-of-hospital 

cardiac arrest. These results suggested that HRV measures can 

be used in the monitoring and prognosis of critically ill patients, 

and that increased cardiac vagal and decreased cardiac 

sympathetic activities might be indicative of poor prognosis. In 

accordance with these studies, the present study also found that 

the ARDS patients had higher vagal modulation and smaller 
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sympathetic modulation than the non-ARDS patients, and that 

the non-survived ARDS patients had higher vagal modulation 

than the survived ARDS patients. Further, Firth logistic 

regression analysis identified HFP and TP as the independent 

predictors of mortality in ARDS patients on admission to the 

SICU (Table 4). The HFP, an indicator of vagal modulation, 

appeared to be the best predictor of mortality in ARDS patients 

(p = 0.02). Thus the HFP might be useful in the monitoring and 

prediction of outcome in various critically ill patients, including 

ARDS, and be used in the prediction of mortality on their 

admission to the SICU. 

 

The mechanism underlying the increase in vagal modulation in 

critically ill patients has not been well understood yet. It has 

been shown that direct electrical stimulation of the peripheral 

vagus nerve in vivo during lethal endotoxaemia in rats could 

inhibit tumor necrosis factor (TNF) synthesis in liver, attenuated 

peak serum TNF amounts, and prevented the development of 

shock [37]. Thus, the increased vagal modulation in ARDS 

patients might be one of the pathophysiological responses of the 

patient to counteract the cytokines synthesis, attenuate the 

amount of cytokines in the serum, and prevent the cytokines-

induced systemic inflammation in ARDS. Since the non-

survived ARDS patients had increased vagal modulation relative 

to the survived ARDS patients, the use of anticholinergic and 

sympathomimetic agents to correct their autonomic dysfunction 

might be considered in patients with ARDS after thoracic 

surgery. Further studies are warranted to investigate the 

underlying mechanism of increased vagal modulation in 

critically ill patients, including ARDS. 

 

The HRV parameters in ARDS patients can be influenced by 

many interventions performed in the ICU, such as sedation, 

catecholamine therapy, volume management, ventilator settings, 

etc. Previous study has indicated that the increase in VT can 

increase the HFP component of HRV [26]. To minimize the 

effect of VT on the indicator of vagal modulation, a new 

indicator nHFP/VT was used to represent the VT-corrected 

indicator of vagal modulation. It was found that the ARDS 

patients still had higher vagal modulation than the non-ARDS 
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patients. Some studies had reported that midazolam and 

inotropes might change the autonomic nervous activities of the 

patients [38,39]. Though the midazolam and norepinephrine 

were used more frequently in the ARDS patients than the non-

ARDS patients, the use of midazolam and norepinephrine were 

not significantly different between survivors and non-survivors 

of ARDS patients. Thus, the significantly increase in vagal 

modulation in the non-survivors of ARDS should not be caused 

by the use of midazolam and norepinephrine. In ARDS patients, 

PEEP has been widely used to improve arterial oxygenation; 

however, the increase in PEEP can reduce the baroreflex 

sensitivity, and can alter the autonomic nervous function in these 

patients [40]. The present study found that ARDS patients 

required higher PEEP during mechanical ventilation than the 

non-ARDS patients. Since the level of PEEP was not 

significantly different between the survivors and non-survivors 

of ARDS patients, the significantly increased vagal modulation 

in the non-survivors of ARDS patients should not be caused by 

the use of higher PEEP in those patients. 

 

The major limitation of this study was the small number of 

ARDS patients. Since the incidence of ARDS is not very high in 

the post-operative patients with lung or esophageal cancer, it was 

not easy to collect a large number of cases for statistical analysis 

in a study period of 2 years.  

 

Conclusions  
 

The vagal modulation of thoracic surgical patients with ARDS 

was enhanced compared with non-ARDS patients. Non-survived 

ARDS patients had higher vagal activity than survived ARDS 

patients. The vagal modulation-related parameter such as HFP 

and TP might be used as predictors to identify ARDS patients 

with high risk of mortality on admission to the SICU, especially 

the HFP. Increased vagal modulation might be an indicator for 

poor prognosis in critically ill patients following thoracic 

surgery, and anticholinergic and sympathomimetic agents might 

be tried to correct the autonomic dysfunction of ARDS patients. 
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Abstract  
 

Osteonecrosis of the jaw in patients treated with bisphosphonates 

is a relatively rare but well known complication at maxillofacial 

units around the world. It has been speculated that the 

medication, especially long-term i.v. bisphosphonate treatment, 

could cause sterile necrosis of the jaws. The aim of this narrative 

review of the literature was to elaborate on the pathological 

mechanisms behind the condition and also to gather an update on 

incidence, risk factors, and treatment of medication related 

osteonecrosis of the jaw. In total, ninety-one articles were 

reviewed. All were published in internationally recognized 

journals with referee systems. We can conclude that necrotic 

lesions in the jaw seem to be following upon exposure of bone, 

for example, after tooth extractions, while other interventions 

like implant placement do not increase the risk of osteonecrosis. 

Since exposure to the bacterial environment in the oral cavity 

seems essential for the development of necrotic lesions, we 

believe that the condition is in fact chronic osteomyelitis and 

should be treated accordingly. 

 

Introduction  
 

The first report describing osteonecrosis of the jaw (ONJ) in 

patients receiving bisphosphonates came 2003 [1]. Since then 

this condition, sometimes called BRONJ (bisphosphonate-related 

osteonecrosis of the jaw), has shown increasing interest by 

dentists and oral-maxillofacial surgeons. It is defined as an area 

of exposed bone in the maxillofacial region that does not heal 

within 8 weeks in a patient who is currently receiving anti-

resorptive medication and has not had radiation to the head-neck 

region. The diagnosis is usually made clinically. It is believed 

mainly to be associated with high dose intravenous 

bisphosphonate therapy, but sometimes the condition occurs also 

in patients with low-dose osteoporotic treatment. The current 

perception among dentists and oral-maxillofacial surgeons seems 

to be that low-dose bisphosphonate treatment for osteoporosis is 
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linked to an increased incidence of ONJ, while on the other hand 

endocrinologists may suggest increased prescribing to increase 

the incidence of osteoporotic fractures. This review aims to 

elaborate on the pathogenic mechanisms behind medication 

related osteonecrosis of the jaw and incidence, prevention, and 

treatment of the condition. 

 

Methods 
 

The present paper is authored as a narrative, partly systematic 

review contribution. Data synthesis and analysis: the articles 

were picked and sorted according to their corresponding key area 

of focus. Ninety-one studies were included, consisting of 9 

reviews, 79 original papers, 2 letters and 1 thesis. 

 

Results and Discussion 
Structure and Bioactivity of Bisphosphonates 
 

Bisphosphonates (BPs) are antiresorptive drugs that act 

specifically on osteoclasts, thereby maintaining bone density and 

strength [2]. The drug is used for many indications including 

prevention and treatment of primary and secondary osteoporosis, 

hypercalcaemia, multiple myeloma, and osteolysis due to bone 

metastases and Paget’s disease [3,4] BPs act on both osteoblast 

and osteoclasts. It has been shown in vitro that BPs promote 

proliferation and differentiation of human osteoblast-like cells 

[5] and inhibit osteoclasts. The BPs are synthetic analogs with a 

P–C–P bond instead of the P– O–P bond of inorganic 

pyrophosphates, which are used as a bone-specific radionuclide 

in technetium 99 m methylene diphosphonate (Tc 99 m MDP) 

bone scans. Unlike pyrophosphates, bisphosphonates are 

resistant to breakdown by enzymatic hydrolysis, which explains 

their accumulation in the bone matrix and their extremely long 

half-life [6]. The P–C–P structure (Figure 1) allows a great 

number of possible variations, especially by changing the two 

lateral chains (R1 and R2) in the carbon atom. The two 

phosphate groups are essential for binding to the bone mineral 

such as hydroxyapatite and together with the R1 side chain they 

act as a ―bone hook.‖ A hydroxyl (OH) group or amino group at 
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the R1 position increases the affinity for calcium and thus for 

bone mineral [7,8] Figure 1. 

 
Figure 1: Chemical structure of pyrophosphate and bisphosphonate. R1 and R2 

signify the side chains of bisphosphonate 

 

The structure and three-dimensional conformation of the R2 side 

chain determine the antiresorptive potency and the enhanced 

binding to hydroxyapatite [7,9]. 

 

It is known that bisphosphonates containing a basic primary 

nitrogen atom in an alkyl chain such as alendronate are 10–100 

times more potent at inhibiting bone resorption than earlier 

generation BPs like clodronate which lack this feature. 

Compounds that contain tertiary nitrogen such as ibandronate 

and olpadronate are even more potent at inhibiting bone 

resorption. Risedronate and zoledronate are among the most 

potent BPs, containing a nitrogen atom within a heterocyclic ring 

[10]. 

 

The gastrointestinal uptake of orally administrated BPs is low 

with a bioavailability of 0.3–0.7% [11,12]. The poor absorption 

of BPs can probably be attributed to their very poor lipophilicity 

which prevents transcellular transport across epithelial barriers. 

Consequently BPs must be absorbed by the paracellular route, 

which means passage though the pores of tight junctions 

between the epithelial cells. 
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Bisphosphonates are completely ionized in blood at 

physiological pH (7.4). Therefore, plasma protein binding is 

high, expectedly as ion binding. Lin and coworkers [13] 

demonstrated that, in rats, alendronate binds to serum albumin 

and this binding seems to be dependent on serum calcium-levels 

and pH. Plasma protein binding in human has been found to be 

less with alendronate showing an unbound fraction 22% 

compared to 4% in rats [13]. 

 

Intravenous administration of a single dose of alendronate leads 

on the other hand to rapid accumulation of this drug in bone 

tissue, approximately 30% in 5 min and 60% in 1 hour [14]. The 

half-life in plasma is 1-2 hour and this rapid elimination is due to 

bone uptake and renal clearance. Once incorporated into the 

bone, bisphosphonates are liberated again only when the bone in 

which it was deposited is resorbed. Therefore the rate of the bone 

turnover influences the half-life of this drug [15]. 

 

The distribution of BPs in bone is determined by blood flow and 

favours deposition at sites of the skeleton undergoing active 

resorption [14]. 

 

Neither orally nor intravenously administrated BPs are 

metabolized in humans [16]. 

 

Mechanism of Action  
 

During bone resorption, bisphosphonates impair the ability of the 

osteoclasts to form the ruffled border, to adhere to the bony 

surface and to produce the protons necessary for continued bone 

resorption [17–19]. 

 

Following cellular uptake, a characteristic morphological feature 

of bisphosphonate-treated osteoclasts is the lack of a ruffled 

border, leading to reduced adhesion to the bony surface. 

Bisphosphonates also promote osteoclast apoptosis by 

decreasing osteoclast progenitor development and recruitment 

[20]. Nevertheless, following exposure to certain 

bisphosphonates, inhibition of the osteoclast proton pumping H- 

ATPase phosphatases and lysosomal enzymes could also 
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contribute to the loss of resorptive capacity of osteoclasts 

[21,22]. 

 

Clodronates are the first generation, nonnitrogen-containing 

bisphosphonates which entered osteoclasts, incorporated into 

nonhydrolyzable analogues of adenosine triphosphate (ATP) and 

converted into methylene-containing (AppCp type) analogues of 

ATP. Accumulation of these toxic by-products interferes with 

mitochondrial function and ultimately leads to apoptosis of 

osteoclasts [23,24]. 

 

In contrast, nitrogen-containing bisphosphonates (such as 

zoledronate and pamidronate) act by inhibiting farnesyl 

pyrophosphate (FPP) synthase and geranylgeranyl 

pyrophosphate (GGPP) synthase, two key enzymes in the 

mevalonate pathway. As a consequence, the disruption of the 

mevalonate pathway by nitrogen-containing bisphosphonates 

results in impaired protein prenylation and activation av small 

GTPases such as Ras, Rho, Rac, and Cdc42. The small GTPases 

are important signalling proteins regulating osteoclast 

morphology, cytoskeleton arrangement, membrane ruffling, and 

trafficking and cell survival [10,25]. 

 

It has been suggested that another target of BPs could be the 

osteoblast, which in turn influence the osteoclasts. It has been 

shown experimentally that BPs inhibit the expression of receptor 

activator of NF-kappa B ligand (RANK-L) in rat osteoblast cells 

and increase the expression of osteoprotegerin (OPG) in human 

osteoblastic cells, suggesting that the antiresorptive effect of BPs 

is mediated by influence of osteoblasts on RANK-L signalling 

[26,27]. 

 

Systemic and Local Delivery of Bisphosphonates  
 

Several experimental studies showed that systemic 

bisphosphonates reduced alveolar bone loss [28–30]. In animal 

models, several investigators have shown that surface- 

immobilized bisphosphonates improve mechanical fixation of 

metal screws in terms of an increased bone-to-implant contact 

and pullout force [31–35]. Single systemic infusion of 
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zoledronate has shown promising results on initial fixation of 

cementless orthopaedic implants [36,37]. 

 

Local application of BPs during total joint surgery has been 

shown to reduce migration of metal prostheses as measured by 

radiostereometry [38]. 

 

In a recent series of randomized controlled trials, local treatment 

of periodontitis with a gel containing a very high concentration 

of alendronate was successful in regenerating a large part of lost 

bone, whereas placebo had little effect [39–41]. 

 

In the randomized study of 16 patients, a thin bisphosphonate- 

eluting fibrinogen coating improved the fixation of dental 

implants in human bone Abtahi et al. [42]. The efficacy of the 

topical administration of bisphosphonates in implant therapy has 

been investigated by Zuffetti et al. [43]. By the 5-year follow-up, 

no implant failure had been recorded in test group. 

 

Osteonecrosis of the Jaw (ONJ)  
 

Historically, osteonecrosis of the jaw (ONJ) was first reported by 

occupational exposure to white phosphorus which was called-

phossy jaw‖ [44,45]. ONJ has also seen in osteopetrosis, a rare 

inherited disease with impairment of bone resorption and 

remodeling [46]. More recently, ONJ is defined as a 

complication of head and neck radiotherapy [47]. The definition 

of ONJ is nonhealing exposed jawbone for more than 8 weeks in 

patients receiving BPs and without any local radiation therapy. 

Clinically, the disease presents as exposed alveolar bone that 

becomes evident following a surgical procedure such as tooth 

removal or periodontal therapy [48,49] Figure 2. 
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Figure 2: Exposed necrotic bone after tooth extractions in a patient treated with 

i.v. zoledronic acid. 

 

Signs and symptoms that may occur before the development of 

clinically detectable osteonecrosis include pain, tooth mobility, 

mucosal swelling, erythema, and ulceration. The incidence of 

ONJ in bone malignancy cases, mainly treated with high dose 

intravenous bisphosphonates, is about 1–12% [48,49]. 

 

Wang and coworkers [50] found that the incidence of ONJ was 

at least 3.8% in patients with multiple myeloma, 2.5% in breast 

cancer patients, and 2.9% in prostate cancer patients. In 

osteoporosis, bisphosphonate associated osteonecrosis of the jaw 

is rare and the incidence may not be greater than the natural 

background incidence. Epidemiological studies have indicated 

an estimated incidence of less than 1 cases per 100 000 person- 

years of exposure to oral bisphosphonates. 

 

Pathogenesis  
 

The etiology of ONJ remains uncertain. Initially, when the 

condition was called bisphosphonate-related osteonecrosis of the 

jaw (BRONJ) [48] its similarities with radiation-induced 
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osteonecrosis led to the assumption that the condition started 

with sterile necrosis of the jaw bone. Therefore, the term 

osteonecrosis was used otherwise reserved for sterile bone death 

usually because of impaired blood supply. At that time, it was 

speculated that BPs could cause osteonecrosis through effects on 

blood vessels in bone, possibly by inhibition of vascular 

endothelial growth [51]. 

 

Later, it has been suggested that the condition does not begin as 

a form of classical osteonecrosis but in fact osteomyelitis from 

the start [52,53]. 

 

Bacterial contamination with Actinomyces and Staphylococcus 

may play a role in maintaining osteomylitic wounds and because 

maxillofacial bone tissue containing BPs will resorb slowly, it is 

conceivable that contaminated bone cannot be removed fast 

enough to prevent the development of chronic osteomyelitis. 

This view is supported by the fact that similar lesions appear 

after treatment with anti-RANK-L antibodies (Denosumab) that 

reduces osteoclast recruitment and action [54]. Thus, it appears 

that reduced resorptive activity is a key factor behind the 

impaired healing capacity of these lesions [55]. 

 

We suggest that the term BRONJ should be avoided and 

replaced by the term Medication Related Osteonecrosis of the 

Jaw, MRONJ, since also other drugs are introduced to inhibit the 

octeoclast function. 

 

Antibiotics can prevent the development of ONJ-like lesions in a 

rat model [56]. One hundred twenty animals underwent tooth 

extraction and received combination of dexamethasone and 

pamidronate during different time periods. Animals which 

received the same treatment except for the addition of penicillin 

showed four times less ONJ-like lesions than the other group. 

There is no clinical study on the use of antibiotics associated 

with ONJ. However, in the clinical situation antibiotics has its 

use since the condition is considered osteomyelitis of the jaw. 

The anti-angiogenic role of bisphosphonate is still unclear and 

ONJ proceeds despite the use of antibiotics in some cases. 
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One explanation could be the fact that bacterial contamination 

maintains chronic osteomyelitis of the jaws. Another explanation 

is perhaps the reduced microcirculation of the gingiva causing 

the soft tissue unable to heal. 

 

Corticosteroids and chemotherapeutics have been suggested as 

factors that can predispose to ONJ or increase the risk of 

developing ONJ; the duration of BP therapy also appears to be 

related to the likelihood of developing necrosis with longer 

treatment regimens associated with a greater risk [55]. The time 

to develop osteonecrosis after i.v. zoledronate treatment was in 

mean 1.8 years, after i.v pamidronate 2.8 years and after oral BP 

therapy, like alendronate, the mean time was 4.6 years [57]. 

 

Numerous studies have explored the toxic effect of BPs on a 

variety of epithelial cells [58–62]. There is clear documentation 

of bisphosphonate toxicity to gastrointestinal epithelia [63]. It 

has been suggested that high concentrations of bisphosphonate in 

the oral cavity (bone tissue) disrupt the oral mucosa [64]. Failure 

of healing of the soft tissue may cause secondary infection of the 

underlying bone. However, this theory has not yet been accepted 

by investigators. Recently, in a rat model of ONJ, following 

tooth extraction a high dose of alendronate (200 μg/kg) did not 

cause ONJ-like lesions [65]. When calculated as dose per body 

weight per day, the rat dose was 100 times higher than the 

human dose. 

 

Clinical Characteristics  
 

Blood supply to the cortical bone is derived from the periosteum 

and exposed bone surface is indicating necrosis in the underlying 

bone layers. The condition can then progress into a more severe 

bony lesion with nerve disturbances, mobile teeth, fistulas, and 

in the end fracture [66]. Pain is common and these signs and 

symptoms are often evident in patients with jaw bone 

osteomyelitis that are not on BP treatment. Radiographs may 

show sclerotic bone, sclerotic lamina dura around individual 

teeth, and widened periodontal ligaments but there are no report 

published indicating specific features for BP associated 

osteomyelitis [67]. 
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Incidence  
 

The incidence of BP associated osteomyelitis can be divided into 

2 groups: the high dose i.v treated cancer patients and 

osteoporotic patients. In a systematic review, Kahn et al. found 

that, for the first group, the cumulative incidence varied from 1% 

to 12% after 36 months of treatment [66]. However, most of the 

reported cases have been related to intravenous use of 

bisphosphonates (zoledronic and pamidronic acid) to control 

metastatic bone disease or multiple myeloma. The incidence of 

ONJ in these studies ranges from 4 to 10% [1, 68, 69] and the 

mean time of onset varies from 1 to 3 years [55,70,71]. 

 

Osteoporosis is a common and costly condition that impaired 

quality of life [71]. It is estimated that 10 million individuals 

(aged >50 years) in the United States have osteoporosis, by 2010 

[72]. Few studies have reported the prevalence of ONJ in 

persons receiving exclusive oral bisphosphonate therapy. No 

cases of ONJ were reported by Felsenberg et al. among clinical 

trials involving almost 17000 patients [73]. The authors 

estimated the worldwide reporting rate of ONJ to be <3/100,000 

years of exposure [72]. In osteoporosis patients, by systemic 

review Kahn et al. estimated incidence of ONJ to be <1 case per 

100,000 person-years of exposure [66]. Similar findings have 

been reported by German investigators, as determined by cases 

captured by a German Central Registry [73,74]. By using 

postmarketing surveillance method Abtahi et al. identified one 

case of ONJ among 952 patients, who had received chronic oral 

bisphosphonate therapy [75]. Moreover, these findings contrast 

to those from an Australian study, which identified ONJ cases by 

nationwide maxillofacial surgeon survey [70]. 

 

The trigger for developing necrotic bone in BP treated patients 

seems to be dental extractions. A review of 114 cases of BP 

associated ONJ in Australia showed that 73% of the cases 

occurred after dental extractions. The frequency of ONJ in BP 

treated osteoporotic patients was 0.01%–0.04% and if dental 

extraction occurred 0.09%–0.34%. In patients on BPs for bone 

malignancies, the incidence was 0.33%–1.15% and after dental 

extractions 6.7%–9.1% [70]. 
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Risk Factors  
 

There are general and local risk factors for development of ONJ. 

 

General risk factors include malignancies, chemotherapy, 

glucocorticoid treatment, and high dose or long- term 

bisphosphonate treatment and ant-RANK-L antibodies 

[48,54,66]. 

 

Local risk factors include anatomical features where protruding 

cortical bone with thin mucosal coverage like tori and exostoses 

implies greater risk for necrosis as well as periodontal disease, 

any surgical intervention which breaks the mucosal lining, 

especially tooth extractions [48,67]. In an experimental study by 

Abtahi and coworkers [75], it was shown that immediate soft 

tissue coverage after tooth extraction prevented ONJ completely 

whilst all noncovered sites developed ONJ in osteoporotic rats 

treated with alendronate, Figure 3. 

 

 
(a) 
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(c) 

 
Figure 3: Histological sections showing the region of the second molar 14 days 

after extraction in male Sprague-Dawley rat. (a) Control rat with no treatment, 

(b) BP treated with coverage, and (c) BP treated without coverage. Note 

necrotic tissue. 

 

The use of bisphosphonates is associated with the development 

of ONJ in some patients. Length of exposure seems to be the 

most important risk factor for this complication with an 

estimated range from 1.6 to 4.7 years, depending on BPs type 

[55]. Subsequent to ONJ development the minimum duration of 

use was reported to be 6 months [76,77]. Barasch and coworkers 

showed that the risk for development of ONJ begins within 2 

years of treatment, for both cancer and noncancer patients, 

showing that even the less potent bisphosphonates are linked to 

ONJ after a relatively brief treatment period [76]. Furthermore, 

for noncancer patients this risk seems to increase substantially 

after 5 years. This highlights the importance of drug holiday 

after 5 years of treatment. In a prospective study by Bamias et al. 

the incidence of ONJ was studied among patients treated with 

bisphosphonates for bone metastases. The incidence of ONJ 

increased with time to exposure from 1.5% among patient treated 

for 4 to 12 months to 7.7% for treatment for 37 to 4 months [77]. 
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Bisphosphonates and Oral Implant Therapy  
 

In a systematic review from 2009, Madrid and Sanz [78] 

included studies where patients had been on BP treatment for 1-4 

years before implant placement. None of the patients developed 

osteonecrosis up to 36 months postoperatively and the implant 

survival rate ranged from 95 to 100%. This may indicate that 

exposed/noncovered bone is necessary for bacterial invasion and 

an osteomyelitic process. 

 

Furthermore, in a study from 2010, Koka and coworkers found 

high implant survival rates for both bisphosphonate users and 

nonusers in postmenopausal women [79]. 

 

Treatment  
 

The optimal treatment strategy for ONJ is still to be established. 

Cessation of BP treatment is usually not sufficient due to BP´s 

long half-life. A multidisciplinary team approach for evaluation 

and management of the conditions is recommended. In early 

stages, surgical debridement and coverage has been successful 

[80]. Hyperbaric oxygen (HBO) has been suggested as an 

effective adjunctive therapy in situations in which normal wound 

healing is impaired and the effects of HBO therapy have been 

discussed by several investigators [81,82]. The authors showed 

that patients with ONJ, adjunctive HBO2 therapy had remission 

or improvement in over 62.5% of patients. Laser therapy at low 

intensity has been reported for treatment of ONJ by improving 

reparative process, increasing osteoblastic index, and stimulating 

lymphatic and blood capillaries growth [83–85]. 

 

Segmental osteotomies are recommended only for severe cases 

[86–89], due to relatively high levels of morbidity and impaired 

quality of life for the patients [90]. 

 

In a study by Holzinger et al. [91], 108 patients with 

bisphosphonate therapy underwent surgery and 88 patients were 

followed for a mean period of 337 days. Surgical treatment 

improved the stage distribution from 19% stage I, 56% stage II, 

and 25% stage III to 59% intact mucosa, 19% stage I and 13% 
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stage II and 8% stage III. The improvement in the stage of 

disease achieved by surgery was statistically significant. 

However, the choice between surgery and conservative therapy 

is a difficult issue and must be made on an individual basis. 

 

Recently there have been discussions regarding the applicability 

of ―drug holidays‖ to minimize long-term bisphosphonate 

exposure and avoid potential adverse events such as ONJ. 

However, given the long half-life of bisphosphonates in bone 

(measured in years) whether or not temporary cessation of 

treatment with these agents would reduce associated risks is not 

known. These questions require further study. 

 

Antibiotics: Samples should be taken for culture and sensitivity 

testing before starting ab treatment. Traditionally, the antibiotics 

of choice to treat osteomyelitis will include Flucloxacillin or 

Clindamycin. 

 

Prevention is a cornerstone to reduce the incidence of ONJ and 

before starting BP therapy, the patient should be referred for 

thorough dental evaluation to identify and treat any potential 

source of infection. Start of BP therapy should be delayed by 4–6 

weeks to allow appropriate bone healing [90]. 

 

The treatment of ONJ is generally difficult. For this reason, 

prevention plays a predominant role in the management of the 

condition. 
 

Conclusion  
 

The present review, based on experimental and clinical original 

papers as well as previous reviews, indicates that osteonecrosis 

of the jaw in BP treated patients seems to be triggered by 

exposed bone and subsequent bacterial contamination, typically 

after dental extraction, and that sterile necrosis of the jaw is 

unlikely. We therefor suggest that the condition could be 

coined - Medication Related Osteonecrosis of the Jaw, 

MRONJ. 
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Abstract  
 

Background: Insulin may play a key role in bone  metabolism,  

where  the  anabolic effect predominates. This study aims  to  

analyze  the  relationship  between  insulin  resistance and bone 

quality using the trabecular bone score (TBS) and three-

dimensional dual-energy X-ray absorptiometry (3D-DXA) in 

non-diabetic postmenopausal women by determining cortical and 

trabecular compartments. Methods: A cross-sectional study was 

conducted in non-diabetic postmenopausal women with 

suspected or diagnosed osteoporosis. The inclusion criteria were 

no menstruation for more than 12 months and low bone mass or 

osteoporosis as defined by DXA. Glucose was calculated using a 

Hitachi 917 auto-analyzer. Insulin was determined using an 

enzyme-linked immunosorbent assay (EIA). Insulin resistance 

was estimated using a homeostasis model assessment of insulin 

resistance (HOMA-IR). DXA, 3D-DXA, and TBS were thus 

collected. Moreover, we examined bone parameters according to 

quartile of insulin, hemoglobin A1C (HbA1c), and HOMA-IR. 

Results: In this study, we included 381 postmenopausal women.  

Women located in quartile 4 (Q4) of HOMA-IR had higher 

values of volumetric bone mineral density (vBMD) but not TBS.   

The increase was higher in the trabecular compartment (16.4%) 

than in the cortical compartment (6.4%). Similar results were 

obtained for insulin. Analysis of the quartiles by HbA1c showed 

no differences in densitometry values however women in Q4 had 

lower levels of TBS. After adjusting for BMI, statistical 

significance was maintained for TBS, insulin, HOMA-IR, and 

HbA1c. Conclusions: In non-diabetic postmenopausal women 

there was a direct relationship between insulin resistance and 

vBMD, whose effect is directly related to greater weight. TBS 

had an inverse relationship with HbA1c, insulin, and insulin 

resistance unrelated to weight. This might be explained by the 

formation of advanced glycosylation products (AGEs) in the 

bone matrix, which reduces bone deformation capacity and 

resistance, as well as increases fragility. 

 

Keywords  
 

HOMA-IR; HbA1c; vBMD; TBS; 3D-DXA 
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Introduction  
 

Insulin binds to their receptors in pre-osteoblasts and osteoblasts 

by stimulating two metabolic pathways: mitogen-activated 

protein kinase (MAPK) and phosphatidylinositol 3-kinase 

pathway (PI3-K/AKT), which favor the growth, proliferation, 

and survival of these cells [1,2]. Insulin behaves like an anabolic 

hormone that increases bone mass. Osteoblast activation 

produces the release of receptor activator of NF-kB ligand 

(RANKL) that binds to osteoclast receptor activator of NF-kB 

(RANK) receptors located. This simulates their proliferation and 

maturation. Thus, insulin plays a key role in bone metabolism [3]. 

 

Hyperinsulinism and insulin resistance are the key 

etiopathogenic elements of type 2 diabetes. Hyperinsulinism 

could be responsible for the increase in bone mass observed in 

diabetic patients [4] and non-diabetic postmenopausal women 

[5]. However, not all studies show uniform results. Some report a 

positive association between circulating insulin levels and bone 

mineral density (BMD), which did not change after weight 

adjustment [6]. Others show an association that disappears when 

weight is adjusted [7,8], while others show differing results, i.e., 

a lack of association or negative association between insulin and 

bone mass [9]. Despite this increase in cortical and trabecular 

bone mass, patients with type 2 diabetes have an increased 

fracture risk [10]. Factors related to bone quality are likely to be 

involved [10]. 

 

There have been recently developed procedures that analyze bone 

quality, such as the trabecular bone score (TBS). TBS is derived 

from the lumbar dual-energy X-ray absorptiometry (DXA) 

images and uses software to analyze grayscale. It correlates with 

three-dimensional parameters of bone microarchitecture such as 

trabecular connectivity, the number of trabeculae, and their 

separation [11]. A decline in the TBS is associated with an 

increased risk of fracture [12]. Three-dimensional (3D) 

densitometry permits an assessment of the shape and intrinsic 

material properties that determine bone strength. Hip DXA is 

transformed using segmentation algorithms to provide a 3D 

analysis of the cortical and trabecular compartments [13]. 
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The aim of this study was to analyze the relationship between 

insulin resistance and bone quality measured using TBS and 

three-dimensional dual-energy X-ray absorptiometry (3D-DXA) 

in non-diabetic postmenopausal women by determining the cortical 

and trabecular compartments, as well as how this is linked to body 

mass index (BMI) and age. 

 

Patients and Methods  
Patients  

 

A cross-sectional study was conducted in non-diabetic 

postmenopausal women who were suspected or diagnosed with 

osteoporosis.   The inclusion criteria were postmenopausal 

women   (no menstruation for more than 12 months) and a low 

bone mass or osteoporosis, as defined by DXA. We randomly 

included individuals from Rio Hortega University Hospital’s 

Densitometry Unit (Spain). Patients had been diagnosed with 

osteoporosis or suspected of low bone mass by clinical criteria 

according to the National Osteoporosis Foundation’s Clinician’s 

Guide to Prevention and Treatment of Osteoporosis [14]. A DXA 

was appointed for patients with this diagnosis. The exclusion 

criteria were type 1 and 2 diabetes, and lack of informed consent. 

Diagnosis of diabetes was established according to the American 

Diabetes Association (ADA) 2019 criteria (hemoglobin A1C 

(HbA1C) ≥ 6.5% and/or glucose ≥ 126 mg/dL). A protocol 

collected demographic data, lifestyle factors, previous illnesses, 

and past and present medication. The BMI was calculated. A 

venous sample was taken by venipuncture between 8 a.m. and 11 

a.m. after 8 h of fasting.  The serum was immediately frozen at 

−20 ◦C prior to testing. Glucose was calculated using a Hitachi 

917 auto-analyzer. Insulin was determined using an enzyme-

linked immunosorbent assay (EIA). Insulin resistance was 

estimated using the homeostasis model assessment of insulin 

resistance (HOMA-IR or HOMA model: fasting glucose × 

fasting insulin). 
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Three-Dimensional Dual-Energy X-ray Absorptiometry 

(3D-DXA)  
 

A DXA scan was performed using a Prodigy scanner (GE 

healthcare, Madison, WI, USA), according to the manufacturer’s 

recommendations. The software 3D-SHAPER (2.6 version, 

Galgo Medical S.L, Barcelona, Spain) was also used. This 

method used a statistical 3D model of the proximal femur’s form 

and density, and was built from the quantitative computed 

tomography (QCT) database (Caucasian men and women). The 

details of this method’s modeling can be found in Winzenrieth et 

al. and Humbert et al. [12,13]. The study was made from DXA 

exploration in order to obtain a 3D model specific to the patient’s 

proximal femur, generating measurements in 3D from the total 

area of interest in the femur. The volumetric BMD (vBMD, 

mg/cm3), bone mineral content (BMC) (g), and volume (cm3) 

were calculated in the trabecular, cortical, and integral 

(trabecular + cortical) compartments, respectively. The cortical 

thickness (Cth, mm) and BMD of the cortical surface (sBMD 

cortical, mg/cm2, obtained by the multiplication of cortical 

vBMD (mg/cm3) and Cth (cm)) provided additional analysis for 

the cortical region. The models and 3D-SHAPER measurements’ 

precision were evaluated against a QCT [12,13]. The average 

form precision—i.e., the average distance between external 

limits of the femur geometry—were derived from 3D-SHAPER 

and QCT, and the result was 0.93 mm. Regarding bone density 

and cortical bone thickness, the correlation coefficients between 

3D-SHAPER and the measurements derived from QCT were 

0.86, 0.93, and 0.91 for trabecular vBMD, cortical vBMD,  and 

cortical thickness, respectively [12,13]. 

 

Trabecular Bone Score  
 

TBS was evaluated at the lumbar level (L1-L4) using TBSiNsight 

2.1 (Med-Imaps, Merignac, France). 
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Statistical Analysis  
 

Continuous variables were expressed as the mean ± standard 

deviation (SD), while categorical variables were expressed as the 

absolute (n) and relative (%) frequencies. A chi-squared test was 

used to compare the categorical variables. The distribution of 

variables was analyzed using the Kolmogorov–Smirnov test. In 

the case of parametric variables, we applied an analysis of 

variance (ANOVA) t-test. In the case of non-parametric 

variables, groups were compared using the Mann–Whitney U test 

(two groups) or Kruskal–Wallis test (more than two groups). 

Insulin, HOMA-IR, glucose, and HbA1c were stratified in 

quartiles. P-values were adjusted according to past and present 

medication, lifestyle factors, and the presence of osteoporosis and 

osteoporosis risk factors. A multiple linear regression was applied 

to study the association between different clinical parameters (i.e., 

BMI, insulin, HOMA-IR, glucose, and HbA1c) and the 

densitometry parameters. In the multiple linear regression, we 

established three models that depend on the adjusted parameters. 

In Model 1, the linear regression analyses were adjusted by past 

and present medication, lifestyle factors, and the presence of 

osteoporosis and osteoporosis risk factors. In Model 2, they were 

adjusted by past and present medication, lifestyle factors, age, 

and the presence of osteoporosis and osteoporosis risk factors. 

Lastly, in Model 3, they were adjusted by past and present 

medication, lifestyle factors, age, BMI, and the presence of 

osteoporosis and osteoporosis risk factors. We applied a 

Bonferroni adjustment in all comparisons. A value of p < 0.05 

was considered significant. All analyses were performed using 

the SPSS version 22.0 statistical package (SPSS, Chicago, IL, 

USA). 

 

Ethical Aspects  
 

The experimental protocol was approved by the Río Hortega 

University Hospital of Valladolid Ethics Committee and 

complied fully with the Declaration of Helsinki (2008) of the 

World Medical Association and Spanish data protection law (LO 

15/1999) and specifications (RD 1720/2007). All patients who 

agreed to participate gave signed written consent. 
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Results 
 

Our study sample included 381 non-diabetic postmenopausal 

women (mean age 62 ± 9 years, mean BMI 26 ± 4). The mean age 

of menopause was 47 ± 6 years and the menarche was 13 ± 1.5 

years. There were 29% (n = 115) smokers and 1.8% (n = 7) with 

excessive alcohol intake. There were 6.82% (n = 26) in treatment 

with thiazides, 11.02% (n = 42) with serotonin receptor 

inhibitors, 0.26% (n = 1) with androgenic inhibitors, 3.67% (n = 

14) with beta blockers, 9.7% (n = 37) with thyroid hormone, 

19.42% (n = 74) with bone antiresorptives, 1.04% (n = 4) with 

TSH, 2.88% (n = 11) with anabolic therapy, 10.23% (n = 39) with 

corticosteroids, and 2.62% (n = 10) were treated with strontium 

ranelate. Mean glucose values were 90 ± 24 mg/dL, mean insulin 

13 ± 14 UI/L, mean HOMA-IR 3.3 ± 4.6, and mean glycated 

hemoglobin A1c (HbA1c) 5.6 ± 0.4%. 

 

Table 1 summarizes the clinical characteristics between 

osteoporotic and non-osteoporotic patients. In the preliminary 

analysis, we separately assessed osteoporotic individuals. There 

were no differences between osteoporotic and non-osteoporotic 

patients except that osteoporotic women were older.     In 

addition, all the osteoporotic patients were treated and we did not 

find significant statistical differences in the osteoporotic group in 

the comparison, according the quartiles of HOMA-IR, insulin, 

and HbA1c (Table 2). Therefore, all participants were analyzed 

globally. The results were adjusted by the presence of 

osteoporosis. 

 
Table 1: General characteristics of the non-osteoporotic and osteoporotic 

subjects. 

 
 Non-

Osteoporotic 

Osteoporotic p-Value 

Age, mean ± SD (years) 5987 ± 8.19 63.41 ± 8.89 <0.001 

BMI, mean ± SD (Kg/m2) 2618 ± 4.56 25.64 ± 3.83 0.226 

Age of menopause, mean 

± SD (years) 

4810 ± 5.68 47.23 ± 5.85 0.163 

Smoking, n (%) 62 (53.9%) 53 (46.1%) 0.106 

Alcohol, n (%) 4 (57.1%) 3 (42.9%) 0.457 

Corticosteroids, n (%) 18 (46.2%) 21 (53.8%) 0.663 

Familial history of 53 (40.5%) 78 (59.5%) 0.427 
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osteoporosis, n (%) 

Familial history of hip 

fracture, n (%) 

20 (34.5%) 38 (65.5%) 0.147 

Previous falls, n (%) 7 (35.0%) 13 (65.0%) 0.434 

BMI: Body mass index. 

 

Table 2 shows the general patient characteristics, dividing the 

patient’s HOMA-IR, insulin, and HbA1C by quartiles. The 

women in the fourth quartile (Q4) of HOMA-IR and insulin had 

a higher BMI, and there were differences in smoking in the two 

groups. When we considered HbA1C, in addition to BMI, they 

had an older age. The results of the analysis of densitometry 

parameters divided patients according to quartiles of HOMA-IR, 

insulin, and HbA1c (Table 3). Women in Q4 HOMA-IR had 

higher values of vBMD but not TBS. The increase was higher in 

the trabecular compartment (16.4%) than in the cortical 

compartment (6.4%). The data for insulin were similar (Table 3). 

When the quartiles were assessed by HbA1c, no significant 

differences were observed in densitometry values. Yet in the 

TBS, women in Q4 had lower levels (Table 3). Table 4 

summarizes the results of the linear regression analysis of the 

relationship between BMI, insulin, HOMA-IR, glucose, HBA1c, 

and the densitometry parameters. We  established three models 

that depend on the adjusted parameters.   In Model 1, the linear 

regression analyses were adjusted by past and present 

medication, lifestyle factors, and the presence of osteoporosis and 

osteoporosis risk factors. In Model 2, they were adjusted by past 

and present medication, lifestyle factors, age, and the presence of 

osteoporosis and osteoporosis risk factors. Lastly, in Model 3, 

they were adjusted by past and present medication, lifestyle 

factors, age, BMI, and the presence of osteoporosis and 

osteoporosis risk factors. While assessing the general 

characteristics of our population, we obtained a significant 

difference in BMI in our samples (Table 2).This fact, in 

combination with the literature on the importance of weight in 

bone quality and structure, lead us to include it and adjust it 

accordingly. 
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Table 2: General characteristics of the study population stratified by quartiles of HOMA-IR, insulin and HbA1c. 

 

GENERAL CHARACTERISTICS HOMA-IR 

Q1 (0.2–1) Q2 (1.1–1.85) Q3 (1.86–3.4) Q4 (3.5–41.8) p-Value 

Age, mean ± SD (years) 61.84 ± 8.78 60.53 ± 8.57 61.87 ± 8.61 62.04 ± 8.62 0.657 

BMI, mean ± SD (Kg/m2) 23.79 ± 3.09 25.12 ± 3.01 26.18 ± 3.81 27.62 ± 4.80 <0.001 

Age of menopause, mean ± SD (years) 47.62 ± 5.96 47.63 ± 6.41 47.69 ± 5.73 47.34 ± 6.27 0.986 

Osteoporosis, n (%) 36 (21.4%) 44 (26.2%) 48 (28.6%) 40 (23.8%) 0.560 

Smoking, n (%) 22 (34.9%) 35 (36.5%) 20 (20.8%) 19 (19.8%) 0.037 

Alcohol, n (%) 2 (33.3%) 1 (16.7%) 2 (33.3%) 1 (16.7%) 0.797 

 INSULIN 

 Q1 (1.3–5.1) Q2 (5.2–8.6) Q3 (8.7–16.1) Q4 (16.2–131.3) p-value 

Age, mean ± SD (years) 62.32 ± 9.25 60.67 ± 8.84 61.18 ± 8.63 61.67 ± 8.37 0.661 

BMI, mean ± SD (Kg/m2) 24.14 ± 3.07 25.38 ± 3.51 26.31 ± 3.97 27.11 ± 4.74 <0.001 

Age of menopause, mean ± SD (years) 47.94 ± 5.96 48.07 ± 5.90 46.77 ± 6.28 47.38 ± 6.05 0.575 

Osteoporosis, n (%) 43 (25.1%) 47 (27.5%) 39 (22.8%) 42 (24.6%) 0.982 

Smoking, n (%) 24 (24.2%) 38 (38.4%) 19 (19.2%) 18 (18.2%) 0.024 

Alcohol, n (%) 2 (33.3%) 3 (50.0%) 1 (16.7%) 0 (0%) 0.414 

 HbA1c 

 Q1 (4.04–5.3) Q2 (5.5–5.5) Q3 (5.6–5.7) Q4 (5.8–8) p-value 

Age, mean ± SD (years) 58.61 ± 9.61 68.52 ± 8.07 62.61 ± 8.41 63.65 ± 8.15 <0.001 

BMI, mean ± SD (Kg/m2) 24.90 ± 3.64 24.56 ± 2.95 25.98 ± 3.24 27.39 ± 4.87 <0.001 

Age of menopause, mean ± SD (years) 47.33 ± 6.29 48.74 ± 4.79 47.45 ± 6.49 47.20 ± 6.16 0.457 

Osteoporosis, n (%) 27 (18.1%) 33 (22.1%) 43 (28.9%) 46 (30.9%) 0.730 

Smoking, n (%) 19 (21.8%) 26 (29.9%) 17 (19.5%) 25 (28.7%) 0.218 

Alcohol, n (%) 1 (16.7%) 1 (16.7%) 3 (33.3%) 2 (33.3%) 0.959 

 

BMI: Body mass index. HbA1c: Glycated hemoglobin A1c. HOMA-IR: homeostasis model assessment insulin resistance. 
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Table 3: Densitometry parameters according quartiles of HOMA-IR, insulin, and HbA1c. 

 
DENSITOMETRY 

PARAMETERS 

HOMA-IR 

Q1 (0.2–1) Q2 (1.1–1.85) Q3 (1.86–3.4) Q4 (3.5–41.8) p-Value 

Neck BMD (g/cm2) 0.805 ± 0.13 0.827 ± 0.11 0.840 ± 0.13 0.858 ± 0.17 0.316 

Hip BMD (g/cm2) 0.822 ± 0.13 0.865 ± 0.12 0.876 ± 0.12 0.914 ± 0.14 0.001 Q1 vs. Q4 

Sdensitometry (mg/cm2) 139 ± 22 147 ± 20 150 ± 21 155 ± 23 0.025, Q1 vs. Q3 

0.001 Q1 vs. Q4 

vBMD trabecular (g/cm3) 134 ± 38 144 ± 33 146 ± 35 156 ± 39 0.005 Q1 vs. Q4 

vBMD cortical (g/cm3) 763 ± 82 792± 75 791 ± 74 812 ± 84 0.003 Q1 vs. Q4 

vBMD integral(g/cm3) 279 ± 53 294 ± 47 297 ± 48 310 ± 52 0.003 Q1 vs. Q4 

mCT (mm) 1.82 ± 0.13 1.86 ± 0.13 1.90 ± 0.16 1.90 ± 0.13 0.007 Q1 vs. Q3 

0.003 Q1 vs. Q4 

TBS 1.269 ± 0.16 1.267 ± 0.11 1.266 ± 0.14 1.269 ± 0.13 0.864 

 INSULIN 

 Q1 (1.3–5.1) Q2 (5.2–8.6) Q3 (8.7–16.1) Q4 (16.2–131.3) p-value 

Neck BMD (g/cm2) 0.800 ± 0.12 0.842 ± 0.11 0.841 ± 0.14 0.853 ± 0.17 0.125 

Hip BMD (g/cm2) 0.824 ± 0.13 0.878 ± 0.13 0.879 ± 0.13 0.902 ± 0.13 0.001 Q1 vs. Q4 

Sdensitometry (mg/cm2) 140 ± 21 148± 21 151 ± 22 153 ± 22 0.017 Q1 vs. Q3 

0.002 Q1 vs. Q4 

vBMD trabecular (g/cm3) 136 ± 36 146 ± 34 146 ± 38 153 ± 31 0.039 Q1 vs. Q4 

vBMD cortical (g/cm3) 767 ± 80 790 ± 79 796 ± 76 806 ± 82 0.021 Q1 vs. Q4 

vBMD integral(g/cm3) 281 ± 51 296 ± 49 298 ± 53 307 ± 48 0.014 Q1 vs. Q4 

mCT (mm) 1.82 ± 0.13 1.87 ± 0.14 1.89 ± 0.16 1.89 ± 0.13 0.011 Q1 vs. Q3 

0.008 Q1 vs. Q4 

TBS 1.266 ± 0.16 1.275 ± 0.10 1.268 ± 0.10 1.249 ± 0.14 0.651 

 HbA1c 

 Q1 (4.04–5.3) Q2 (5.5–5.5) Q3 (5.6–5.7) Q4 (5.8–8) p-value 

Neck BMD (g/cm2) 0.836 ± 0.13 0.839 ± 0.13 0.853 ± 0.17 0.830 ± 0.11 0.926 

Hip BMD (g/cm2) 0.859 ± 0.14 0.868 ± 0.12 0.876 ± 0.13 0.898 ± 0.13 0.304 

Sdensitometry (mg/cm2) 145 ± 22 147 ± 22 148 ± 22 153 ± 22 0.160 

vBMD trabecular (g/cm3) 145 ± 36 146 ± 35 144 ± 37 153 ± 31 0.446 

vBMD cortical (g/cm3) 776 ± 74 783 ± 68 794 ± 87 811 ± 83 0.073 

vBMD integral(g/cm3) 293 ± 50 295 ± 47 295 ± 52 306 ± 52 0.374 

mCT (mm) 1.86 ± 0.13 1.88 ± 0.17 1.87 ± 0.11 1.88 ± 0.13 0.676 

TBS 1.298 ± 0.11 1.280 ± 0.14 1.296 ± 0.10 1.229 ± 0.12 0.013,Q1 vs. Q4 

 

HOMA-IR: homeostasis model assessment-insulin resistance. HbA1c: glycated hemoglobin A1c. BMD: bone mineral density. vBMD: volumetric bone mineral density. mCT: micro computed 

tomography. TBS: trabecular bone score. 
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Table 4: Lineal regression analysis between the different parameters (BMI, insulin, HOMA-IR, glucose, and HBA1c) and the densitometry parameters. In Model 1, the linear regression analyses were 

adjusted by past and present medication, lifestyle factors, and the presence of osteoporosis and osteoporosis risk factors. In Model 2, they were adjusted by past and present medication, lifestyle 

factors, age, and the presence of osteoporosis and osteoporosis risk factors. Lastly, in Model 3, they were adjusted by past and present medication, lifestyle factors, age, BMI, and the presence of 

osteoporosis and osteoporosis risk factors. 

  Model 1 Model 2 Model 3 

  ρ p-Value ρ p-Value ρ p-Value 

BMI BMD neck (g/cm2) 0.009 0.053 0.195 <0.001 - - 

BMD total (g/cm2) 0.087 <0.001 0.187 <0.001 - - 

Sdensitometry (mg/cm2) 0.128 <0.001 0.193 <0.001 - - 

vBMD trabecular (g/cm3) 0.067 <0.001 0.181 <0.001 - - 

vBMD cortical (g/cm3) 0.106 <0.001 0.157 <0.001 - - 

vBMD integral (g/cm3) 0.078 <0.001 0.181 <0.001 - - 

mCT (mm) 0.075 <0.001 0.12 <0.001 - - 

TBS 0.024 0.003 0.083 <0.001 - - 

Insulin BMD neck (g/cm2) −0.002 0.541 0.162 0.289 0.221 0.738 

BMD total (g/cm2) 0.013 0.03 0.085 0.012 0.228 0.573 

Sdensitometry (mg/cm2) 0.015 0.021 0.052 0.012 0.223 0.565 

vBMD trabecular (g/cm3) 0.009 0.057 0.084 0.026 0.209 0.75 

vBMD cortical (g/cm3) 0.002 0.102 0.037 0.068 0.176 0.933 

vBMD integral (g/cm3) 0.009 0.054 0.082 0.024 0.212 0.674 

mCT (mm) 0.015 0.021 0.036 0.013 0.137 0.365 

TBS 0.086 0.005 0.021 0.008 0.091 0.009 

HOMA-IR BMD neck (g/cm2) −0.003 0.673 0.165 0.413 0.224 0.633 

BMD total (g/cm2) 0.016 0.018 0.088 0.007 0.225 0.382 

Sdensitometry (mg/cm2) 0.016 0.017 0.053 0.01 0.217 0.466 

vBMD trabecular(g/cm3) 0.012 0.033 0.091 0.014 0.21 0.472 

vBMD cortical (g/cm3) 0.008 0.064 0.039 0.043 0.17 0.689 

vBMD integral (g/cm3) 0.011 0.037 0.085 0.017 0.21 0.494 

mCT (mm) 0.013 0.028 0.034 0.019 0.132 0.426 

TBS 0.016 0.019 0.094 0.011 0.1 0.022 

Glucose BMD neck (g/cm2) 0 0.322 0.149 0.345 0.195 0.998 

BMD total (g/cm2) 0.026 0.002 0.09 0.002 0.203 0.065 

Sdensitometry (mg/cm2) 0.025 0.003 0.055 0.003 0.206 0.112 

vBMD trabecular (g/cm3) 0.024 0.003 0.095 0.003 0.189 0.068 

vBMD cortical (g/cm3) 0.023 0.004 0.049 0.004 0.162 0.088 

vBMD integral (g/cm3) 0.023 0.004 0.089 0.004 0.194 0.089 

mCT (mm) 0.01 0.045 0.027 0.047 0.13 0.487 

TBS −0.003 0.849 0.074 0.699 0.081 0.854 

HbA1c BMD neck (g/cm2) −0.002 0.53 0.136 0.099 0.18 0.705 

BMD total (g/cm2) 0.028 0.004 0.091 <0.001 0.218 0.061 

Sdensitometry (mg/cm2) 0.025 0.007 0.056 0.011 0.222 0.189 

vBMD trabecular (g/cm3) 0.021 0.011 0.092 0.001 0.2 0.094 

vBMD cortical (g/cm3) 0.03 <0.001 0.057 0.001 0.185 0.071 

vBMD integral (g/cm3) 0.02 0.014 0.083 0.002 0.2 0.127 

mCT (mm) 0.004 0.167 0.02 0.085 0.129 0.909 

TBS 0.031 0.003 0.091 0.01 0.096 0.032 

ρ: Correlation coefficient. 
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Comparing the results in our models, there were barely any 

differences between Model 1 and 2 in statistical significance. 

However, in Model 3, statistical significance disappeared in the 

densitometry parameters (BMD total, Sdensitometry, vBMD 

trabecular, vBMD cortical, vBMD integral, and mCT). Our 

results showed that when adjusting for BMI, the statistical 

significance was maintained for insulin, HOMA-IR, TBS, and 

HbA1c. BMI had a direct and significant relationship with 

glucose, insulin, HOMA-IR, and HbA1c (Table 4). 

 

Discussion  
 

We found that higher values of HOMA-IR and insulin were 

associated with increases in vBMD, at both the cortical and 

trabecular levels. However, after adjusting for BMI, this 

relationship disappeared. The vBMD can be used to determine 

bone material properties like stiffness and strength, standing for 

a great asset of bone fracture prediction [15]. QCT is the gold 

standard for assessing volumetric density in the cortical and 

trabecular compartments [16,17]. However, QCT, compared to 

DXA, exposes the patient to higher radiation. Device availability 

is limited and the cost is relatively high, which limits the use of 

QCT for routine patient explorations and monitoring [18]. 

Recently, 3D models  were generated from DXA images [19,20]. 

These new techniques—i.e., 3D modeling—have been proposed 

to solve these limitations [12]. These techniques use a statistical 

3D shape and a density model of the proximal femur constructed 

from a database of QCT scans. The model is subsequently 

recorded from a standard hip DXA. Humbert et al. [19] used 

DXA projections to extrapolate 3D density distributions for 

trabecular and cortical regions, as well as the femoral shape of 

the femur and cortical thickness. For the extrapolated vBMD in 

the trabecular and cortical regions and for the mean cortical 

thickness, they found correlation coefficients of 0.86, 0.93, and 

0.91 between 3D-DXA and QCT measurements, respectively. 

Biomechanical descriptors obtained through FE simulations 

integrate femur shape, cortical thickness, and volumetric 

distribution of BMD using a 3D-Shaper. These improve the 

discrimination of facture occurrence, especially when compared 

to the classical use of areal BMD or vBMD. Indeed, one 
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compartment of the two (trabecular or cortical) can be more 

impacted than the other [21] and the two compartments can react 

differently [22,23]. The potential of this new approach can be a 

good surrogate of QCT, in the context of osteoporosis diagnosis 

and drug treatment monitoring. The fact that DXA is less invasive 

than QTC makes a DXA-based 3D finite element (FE) model 

possible, especially in clinical practice as a routine patient 

screening. 

 

Other studies have analyzed this relationship, but none has used 

the technique employed in the present study. To our knowledge, 

we are the first to report the relationship between 3D-DXA 

parameters according to insulin, HbA1c, and HOMA-IR in non-

diabetic postmenopausal women. Shanbhogue et al. found an 

association between insulin resistance and total, trabecular, and 

cortical vBMD in White American women using HR-QCT [6]. 

Their effect was not modified after adjusting for weight. Haffner 

et al. found a direct relationship between insulin levels and 

vBMD in the femoral neck, yet the relationship disappeared after 

weight adjustment [24]. Similar results were obtained by 

Srikanthem et al. [7] and Napoli et al. [8], yet these study 

included 19% of diabetic patients. Other authors observed an 

inverse relationship with lower femoral neck strength relative 

load, while Asian studies found different results [9,25]. Our 

results showed that after adjusting for BMI, the negative 

association between vBMD and insulin resistance disappeared, 

which indicates that obesity is a key element. A small increase 

was observed at the cortical level and it is important to adjust the 

results by taking BMI into consideration, as we do in Model 3. 

None of our patients were diabetic although there was a high 

percentage of osteoporotic patients. We analyzed osteoporotic 

and non-osteoporotic patients together and our results showed no 

differences between them. 

 

It has been suggested that being overweight, expressed through 

BMI, has protective effects on the skeleton [26], which might be 

explained by various mechanisms [27]. Leptin, a cytokine 

produced by adipocytes, is higher in individuals with major fat 

content. In vitro studies have shown that leptin stimulates 

osteoblastogenesis without affecting mature osteoblasts [28]. 
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However, excess weight could be harmful due to the release of 

inflammatory cytokines by the visceral adipose tissue [29]. 

Interleucin-6 (IL-6) and tumor necrosis factor-alpha (TNF-∝) 

increase the expression of c-fmc gene, RANK, and RANKL, all 

of which stimulate osteoclastogenesis. The osteocyte behaves 

like a mechanostat in response to the mechanical overload of 

being overweight. It releases IGF-I, which acts on receptors 

located in the osteoblasts, thus increasing bone formation [30]. In 

turn, this molecule blocks the action of sclerostin, an inhibitor of 

the metabolic Wnt pathway. A direct relationship between 

sclerostin and insulin resistance has been found in obese patients 

and patients with type 2 diabetes [31,32]. Sclerostin inhibits bone 

formation but the effect on bones may be limited by the release 

of IGF-I. Our results showed a relationship between TBS, 

HOMA-IR, and HbA1c that was maintained after being adjusted 

by other parameters, including BMI. Women in the upper 

quartile of HbA1c had the lowest TBS values. As TBS measures 

bone quality and predicts the risk of fracture [33,34], numerous 

studies in diabetics have shown a decline in TBS that is inversely 

related to insulin resistance. In our study of  a non-diabetic 

population, we found that women in Q4 of HbA1c had the 

lowest TBS levels, which was maintained after adjusting for age 

and BMI. Recently, there have been two studies published that 

analyzed the relationship between HOMA-IR- and TBS-

measured insulin resistance in non-diabetic populations [35,36]; 

their results were similar to ours. Although their sample 

populations were both heterogeneous (including both men and 

women) and pre- and postmenopausal, they also had a small 

sample. 

 

HbA1c assesses the metabolic situation in relation to blood 

glucose. Elevated glycaemia facilitates the non-enzymatic 

glycation that forms intramolecular bonds at the level of collagen, 

which forms the bone matrix, leading to the formation of so-called 

advanced glycosylation products (AGEs) [37]. AGEs are located 

in the middle region of collagen fibers and reduce bone 

deformation capacity as well as decrease resistance, which thus 

increases fragility. AGEs act on osteoblasts and osteoclasts. 

Moreover, they act on specific osteoblast receptors and decrease 

their proliferation and differentiation. They also activate the NF-
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kb pathway in osteoblasts, increasing the release of inflammatory 

cytokines that act on osteoclasts, thus stimulating their 

proliferation and activation, and increasing bone resorption [38]. 

These findings have some congruence with studies of TBS in 

type 1 diabetes where a relationship between fracture and TBS 

and fracture and HbA1c have been described [39]. 

 

Although our study provides a comprehensive evaluation of this 

topic, there were some limitations, which were determined by the 

absence of osteoporotic women without treatment. Moreover, we  

did not have data regarding the analysis of phosphocalcic 

metabolism or bone remodeling markers. The strengths were 

determined by its sample size, the homogeneity of the studied 

population, and to the best of our knowledge we are the first 

group to report on the relationship between 3D-DXA parameters 

according to insulin, HbA1c, and HOMA-IR in non-diabetic 

postmenopausal women. 

 

In conclusion, we found a direct relationship between insulin 

resistance and vBMD in non-diabetic postmenopausal patients, 

whose effect is directly related to higher weight and had the 

greatest effect at the trabecular level. Thus, bodyweight is 

fundamental when evalutating a patient’s overall fracture risk. 

TBS was inversely related to HbA1c and unrelated to weight, 

indicating a deterioration in bone quality that could justify an 

increase in fracture rusk due to glycation affecting the bone 

architecture and impairing its correct healing. 
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Abstract  
 

The resection of brain tumors located within or near the eloquent 

tissue has a higher risk of postoperative neurological deficits. 

The primary concerns include loss of sensory and motor 

functions in the contralateral face, upper and lower extremities, 

as well as speech deficits. Intraoperative neurophysiological 

monitoring (IONM) techniques are performed routinely for the 

identification and preservation of the functional integrity of the 

eloquent brain areas during neurosurgical procedures. The 

IONM modalities involve sensory, motor, and language 

mapping, which helps in the identification of the boundaries of 

these areas during surgical resection. Cortical motor Mapping 

(CmM) technique is considered as a gold-standard technique for 

mapping of the brain. We present the intraoperative CmM 

technique, including anesthesia recommendations, types of 

electrodes, as well as stimulation and recording parameters for 

successful monitoring. 

 

Keywords  
 

Brain Tumor; Neurosurgery; Motor Mapping; Cortical Mapping; 

IONM; EEG; Neuro-Monitoring; Electrocorticography 

 

Introduction  
 

The first documented cortical tumor resection was performed by 

two neurologists A. Hughes Bennett and Rickman J. Godlee in 

1884, London [1]. It resulted in the patient passing away 28 days 

afterward due to complications from the procedure. There are a 

variety of ways in which one can classify the different kinds of 

tumors. One such broad division can be made based on tumor 

malignancy characteristics; if the tumor is prone to encroaching 

on other areas of the body (i.e., malignant) or if it is non-

cancerous (i.e., benign). Another method categorizes a tumor as 

per its origin, which can be termed as primary (i.e., originating in 

the brain or spinal cord) or secondary (i.e., originating from 

somewhere else in the body). With primary brain tumors, we can 

further group them based on the type of cell causing the tumor 

mass. A glioma is a tumor that originates from glial cells and is 
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known to be the most common form of malignant primary brain 

tumor. Some other kinds of primary tumors include 

meningiomas, ependymomas, and many types of lymphomas. 

 

The patients who have undergone tumor resection surgery can 

suffer from deficits that can reduce their quality of life. Some of 

the common symptoms caused by motor cortex tumors include 

hemiparesis or hemiplegia, myopathy, ataxia, gait dysfunction, 

and spasticity. These symptoms justify the need for surgery to 

alleviate deficits and improve the quality of life for patients if 

alternative therapeutic effects have failed. Furthermore, it also 

demonstrates the need for a safe resection where the odds of 

patients developing postoperative deficits are reduced. The 

intraoperative neurophysiological monitoring (IONM) of 

changes to the nervous system caused by surgical manipulations 

not only helps with lowering postoperative deficits, but it also 

acts as an alarm system to warn and guide the surgeon. Cortical 

tumors surrounding the primary motor and premotor areas are 

likely to cause the symptoms above. 

 

There are two approaches used in tumor resection, gross-total 

resection (GTR) and subtotal resection (STR). GTR involves the 

total removal of the tumor. It can be challenging to perform in 

cortical motor surgeries due to the necessity to differentiate 

between abnormal and healthy tissue. In contrast, STR calls for 

the removal of only the necessary parts of the tumor that can 

potentially alleviate the motor symptoms. Operating on motor 

regions of the brain becomes even more treacherous when 

considering how tumor masses may have distorted the 

anatomical landmarks that surgeons employ for resection 

surgeries. Thus, it is extremely crucial to use methods of locating 

the functional anatomical regions such as the central sulcus, pre-

central gyrus, post-central gyrus, and other functional brain 

region surrounding the tumor. Knowledge about these alterations 

caused by tumors allows for safer approaches to surgical 

resections and guards the patients against potential damage to 

motor areas as protective actions would be taken. 

 

IONM techniques can help identify and find the correct path of 

the central sulcus (CS) across both hemispheres, while also 
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mapping the cortical homunculus representation at the primary 

motor area. The method utilized to obtain such beneficial 

anatomical and functional knowledge during surgery is called 

motor mapping. Research had reported significant beneficial 

effects from motor mapping, such as the postoperative 

complication rate dropping from 21% to 13% when adequate 

neuro-monitoring was employed [2]. 

 

Fritsch and Hitzig (1870) pioneered the discovery of direct 

electrical cortical stimulation (DCS/DECS) of the animal 

brain [3]. Penfield and Boldrey demonstrated the mapping of 

motor, sensory, and language cortices by directly stimulating an 

open cortex in human patients [4]. Different scientists have made 

tremendous progress throughout the 19th and 20th centuries to 

improve cortical motor mapping. George Ojemann introduced 

the Ojemann Cortical Stimulator (OCS), an electrical stimulator 

that improved Penfield's technique of motor mapping. Taniguchi 

et al. proposed short multipulse stimulation using high 

frequencies during surgeries performed under general 

anesthesia [5]. In this technical report, we will discuss Penfield 

and Taniguchi's methods of motor mapping with other 

consideration such as required tools, anesthetic 

recommendations, and modalities with their parametric values. 

 

Technical Report  
Pre-Operative Evaluation of Patient  
 

The physiological signals of the human nervous system are 

unique to each individual, as the rest of the body characteristics 

directly influences them. Unlike some static biological 

phenomena such as cardiac rhythms, brain physiology is highly 

dynamic, and it can change drastically during surgical 

procedures due to manipulations and surgical anesthesia. Hence, 

it is essential to establish the baseline for modalities such as 

somatosensory evoked potentials (SSEP) and motor evoked 

potentials (MEP). Cortical and sub-cortical motor mapping is 

needed for procedures including but not limited to brain tumors, 

intracranial aneurysms, arteriovenous malformation (AVM), and 

epilepsy surgeries. A multimodality approach is needed for the 

best postoperative outcome, including cortical sensory mapping 
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with phase reversal, cortical motor mapping, subcortical motor 

mapping, electromyography (EMG), and electrocorticography 

(ECoG). 

 

A detailed patient medical and surgical history should be taken 

and documented with any previous factors that may affect 

intraoperative cortical mapping data. 

 

Anesthesia  
 

The patient can be placed under general anesthesia for 

procedures that do not require an evaluation of the voluntary 

motor and language functions during surgery. When a patient's 

motor functions require multiple assessments or when language 

mapping is performed, awake craniotomy with the asleep-awake-

asleep method of anesthesia must be employed. Hence, the 

patient will be placed under light anesthesia during the opening 

of the dura. After that patients will be awakened for functional 

assessments during surgery. Baseline recordings will be useful to 

account for the effect of anesthesia before surgical manipulation. 

Recommended anesthetic agents include a combination of 

propofol and an analgesic agent administered by the total 

intravenous anesthesia (TIVA) method. Other anesthetics that 

can be used include ketamine, etomidate, and 

benzodiazepines [6]. Dexmedetomidine, an alpha-adrenergic 

agonist, should be avoided due to its inhibitory effects on 

MEP [7]. Initially, inhalation anesthetics may be used for the 

intubation of the patient, as significant TIVA transition will not 

affect recordings after incision [8]. However, inhalation 

anesthetics used for the entirety of the procedure can contribute 

to more postoperative deficits for patients, as thresholds for 

MEPs are higher in patients under inhalation anesthesia, leading 

to signals being weaker and more challenging to interpret. Also, 

it is important to note that the stability of the patient's 

temperature is critical to consider at the site of recording as low 

temperatures increase signal latencies [6]. 
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Intraoperative Neurophysiological Monitoring 

(IONM)  
 

After the patient positioning on the operating table under 

anesthesia, subdermal needle electrodes are placed over the scalp 

as per the international 10-20 system for recording SSEP and 

EEG. Subdermal needle electrodes are placed in the face, upper 

and lower extremities muscles contralateral to the surgical site 

for recording EMG and MEP (Table 1). Surface adhesive 

electrodes are placed for stimulating peripheral (median, ulnar, 

posterior tibial, or femoral) nerves for SSEP and sensory 

mapping [8]. A phase reversal with sensory mapping is 

performed by placing a subdural grid or strip of the exposed 

cerebral cortex and stimulating the contralateral peripheral 

nerves. These grid electrodes are made of either stainless steel or 

platinum embedded in flexible silicone. Before performing the 

motor mapping, it is essential to localize the central sulcus (CS) 

correctly and to identify a potential shift in the sensory or motor 

cortices due to the physical expansion of the tumor mass. A 2 x 4 

grid electrode is preferred for locating the CS, although other 

configurations are used as well, such as a 1 x 6 or 1 x 8 electrode 

strips. Cortical grids or strip can be used for cortical stimulation 

in addition to the handheld monopolar or bipolar probes 

(Figure 1). 

 
Table 1: Electromyography. 

 

 
 

Recommended muscle recordings for electromyography (EMG) 

and direct electrical cortical stimulation (DECS) and subcortical 

stimulation. 
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Figure 1: Subdural grids. 

Schematic presentation of the subdural cortical grids. A: Eight-contact grid (2 x 

4); B: Eight-contact grid (1 x 8). 

 

Two techniques, Penfield and Taniguchi, have evolved for 

intraoperative cortical and subcortical mapping of the 

corticospinal tracts. Either of these two methods can be utilized 

based on tumor location, patient history, surgical procedure, and 

other factors. 

 

A) Penfield Cortical (50-Hz) Technique  
 

A distinguished neurosurgeon, Dr. Wilder Penfield, first 

described this technique in 1937. This technique is accomplished 

with a handheld bipolar stimulator using a50-Hz stimulation 

(interstimulus interval of 20 milliseconds) with a train of 

monophasic cathodal pulses of an individual pulse width of 0.5 

milliseconds [4]. The stimulation is applied to the cortex for a 

duration of 2 to 5 seconds, with a 5-10 seconds interval between 

each stimulus (Figure 2). Each stimulation point should not be 

stimulated consecutively. Direct cortical stimulation is 

performed at a lower intensity to the exposed cortex, starting 

from 2.0 milliamperes (mA). The stimulus should be increased 

in increments until either a positive response, maximum 

allowable stimulation of 20 mA is reached, or if after discharges 

(AD) are seen in ECoG recordings. If ADs are present, iced cold 



Prime Archives in Medicine: 2
nd

 Edition 

8                                                                                www.videleaf.com 

saline solution (4˚C) should be quickly applied to the exposed 

stimulated cortex. 

 
Figure 2: Bipolar probe. 

Schematic presentation of a bipolar ball tip handheld probe. 

 

Cortical areas of the face, tongue, arms, hands, legs, and feet are 

identified with stimulation and muscle recording. A subdural 

grid can also be placed over the area to monitor the status of the 

patient's motor function and to alert the surgeon of any changes 

that might later incur deficits for the patient [4]. Recording and 

stimulation parameters suggested for the Penfield method are 

specified in Table 2 and Table 3, respectively. 

 
Table 2: Recording parameters. 

 

 
 
Recording parameters suggested by Penfield and Taniguchi. 

Hz = Hertz, µs = microseconds, µV = microvolts, div = division, ms = 

milliseconds, kΩ = kiloohms. 
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Table 3: Stimulation parameters. 

 

 
 
Recommended stimulation parameters for Penfield and Taniguchi. 

 

Hz = Hertz, µs = microseconds, mA = milliamperes, s = seconds, ms = 

milliseconds. 

 

B) Taniguchi Cortical Technique  
 

In 1993, Taniguchi first published a high-frequency multipulse 

short train technique for direct cortical motor mapping. A 

handheld monopolar ball tip stimulator can be used to stimulate 

the motor cortex during the surgery to determine the status of the 

motor fibers at risk (Figure 3). This method uses a higher 

frequency of stimulation to the motor cortex at a rate of 250 to 

500 Hz [4]. Electromyography (EMG) is used to record 

myogenic responses from the contralateral target muscles. This 

method provides the ability to monitor the functional integrity of 

corticospinal tracts throughout the procedure and alert the 

surgeon for any potential damage to the functional brain areas. 

Thus, it can help determine if further tumor resection can be 

continued or not (Figures 4-6). Recording and stimulation 

parameters suggested for the Taniguchi method are specified in 

Table 2 and Table 3, respectively. 
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Figure 3: Motor mapping: Penfield method. 
 

Motor mapping responses after bipolar handheld stimulation 

using a Penfield 50 Hz method. Multiple responses are present in 

leg muscles (green arrow). Face (Orbicularis Oris), Tongue, Arm 

(Deltoid/Biceps Brachii), Forearm (Brachioradialis/Flexor Carpi 

Ulnaris), Hand (Abductor Pollicis Brevis/Abductor digiti 

minimi), Leg (Tibialis Anterior), and Foot (Abductor Hallucis) 

muscles. 

 
Figure 4: Monopolar probe. 

Schematic presentation of a handheld ball tip monopolar probe 
 

.  
 

Figure 5: Motor mapping: Taniguchi method. 
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Motor mapping responses after monopolar handheld stimulation 

using a Taniguchi high-frequency method. Motor 

evoked responses are present in the right Flexor Carpi Ulnaris 

(red arrow) and First Dorsal Interosseous (orange arrow) 

muscles. 

 

Sub-Cortical Mapping  

 
Sub-cortical motor mapping is used for tumors that are near or 

within the corticospinal tract (CST). A monopolar ball tip 

electrode is used in conjunction with the suction device used for 

tumor resection [9]. The subcortical CST fibers are identified by 

stimulation and recording the motor thresholds (MT), which act 

as an indicator of how far away from the CST the resection has 

taken place. MTs are measured in milliamps (mA), and every 1 

mA change reflects a 1-mm distance change from the 

CST [9,10]. The surgeon will continue to proceed until an MT of 

7 mA is seen. Once MT of 7 mA is identified, it is generally 

recommended that the surgeon stops the resection of the tumor. 

Proceeding past 7 mA will stimulate the CST and will produce 

MEPs, and resection of tissue past this point increases the 

likelihood of having postoperative motor deficits in the 

patient [10]. Szelényi et al. showed that monopolar cathodal 

stimulation is more effective than the bipolar cathodal stimulus 

for eliciting MEPs for sub-cortical mapping (Table 4) [11]. 

 
Table 4: Sub-cortical stimulation. 

 

 
 

Sub-cortical mapping stimulation parameters. 

mA = milliamperes, ms = milliseconds, Hz = Hertz. 
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Electromyography (EMG)  
 

Spontaneous electromyography (sEMG) signals from the 

contralateral face, upper and lower extremity muscles should be 

continuously recorded and monitored during the surgery [8]. 

EMG provides real-time feedback about any changes in muscle 

activity (Tables 1, 2). 

 

Electroencephalography (EEG)  
 

Electroencephalography (EEG) is a spontaneous recording of the 

electrical activity of the cerebral cortex recorded from the scalp. 

Scalp EEG consists of the summation of excitatory and 

inhibitory postsynaptic potentials of cortical pyramidal neurons. 

EEG is utilized to monitor the brain perfusion as well as the 

depth of anesthesia [8]. If burst suppression is noted it needs to 

be addressed immediately to provide an accurate 

neuromonitoring. It is important to maintain a consistent depth of 

anesthesia using spontaneous and processed EEG. This will 

allow us to avoid any variability in stimulation thresholds and 

accurate intraoperative cortical and subcortical stimulation 

(Table 5). 

 
 Table 5: Electroencephalography. 

 

 
 
Electroencephalography (EEG) recording parameters. 

Hz = Hertz, ms = milliseconds, µV = microvolts, div = division, kΩ = 

kiloohms. 
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Electrocorticography (ECoG)  

 
Electrocorticography (ECoG) is recorded intraoperatively by 

placing subdural grid electrodes and strips directly on the brain 

surface under the dura (Table 6). The spatial and temporal 

resolution of ECoG is higher than scalp EEG with no attenuation 

of the signal by the scalp and the skull. Therefore, the signal-to-

noise ratio of ECoG is significantly better than scalp EEG. As 

compared to the scalp EEG, the ECoG waveforms are typically 

higher amplitude, higher frequencies, and can see dipole sources 

of both interictal and ictal activity. The subdural grids and strips 

electrodes are placed temporarily during the surgery to localize 

any epileptiform discharges (or after-discharges) during direct 

cortical stimulation (Figure 7). ECoG is also used to map and 

resect any epileptogenic regions of the brain (Figure 8). ECoG 

should be performed along with DECS for active tracking of 

after-discharges and preventing any seizure by immediately 

applying ice saline solution (4˚C) to the exposed cortex. 

 
Table 6: Electrocorticography. 

 

 
 
Electrocorticography (ECoG) recording parameters. 

Hz = Hertz, µV = microvolts, div = division, ms = milliseconds, kΩ = 

kiloohms. 
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Figure 7: Electrocorticography. 

Electrocorticography (ECoG) recordings showing stimulation artifact induced 

after discharges (white arrows). 

 
Figure 8: Multimodality mapping. 

 
Multimodality motor mapping with responses after monopolar 

handheld stimulation using a Taniguchi high-frequency method. 

A: Motor evoked responses are present in the right Flexor Carpi 

Ulnaris, and Abductor Pollicis Brevis muscles. B: 

Electrocorticography (ECoG), and C: Electromyography (EMG). 
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Train of Four (TOF)  

 
Train of four (TOF) is an additional important modality for 

consideration during motor mapping procedures involving the 

application of muscle relaxants. TOF is used to assess the level 

of the neuromuscular junction blockage due to muscle relaxants. 

Four pulses of stimulation per train are needed to facilitate 

response in selected peripheral nerves. The stimulation 

parameters are intensity between 10 and 100 mA, with a 

frequency of 2 Hz, pulse-width of 200 µs, stimulation duration 

of 2 seconds, an interstimulus interval of 0.5 ms, and an inter 

train interval of 10 seconds [12]. The recording parameter 

includes a sweep of 20 ms/div, with a gain of 100-500 µV/div 

(Table 7). 

 
Table 7: Train of four. 

 

 
 

Train of four (TOF) responses representing the level of neuromuscular 

blockade during surgical anesthesia. 

 

Postoperative Evaluation of Patient  
 

The patient should undergo evaluation based on the Medical 

Research Council (MRC) Scale score (M1 to M5), National 

Institutes of Health Stroke Scale score, and Karnofsky 

Performance Scale score. The patient needs to be evaluated for 

postoperative deficits immediately following surgery. We 

recommend that postoperative evaluations should be performed 

after 24 hours, 48 hours, two weeks, three months, and six 

months after the procedure. 
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Discussion  
 
The experience of the technologist and neurophysiologist is an 

essential factor for accurate motor mapping of the brain. Higher 

knowledge, experience, and comprehensive experience of the 

neurophysiological monitoring teams improve their ability to 

detect and preempt complications that might occur during the 

surgery [13]. 

 

According to Krieg et al., many cases of false negatives (4.5%) 

arise from ischemic or hemorrhaging events that occur 

postoperatively [14]. They are not false negatives from 

monitoring but instead are the result of accumulated damage to 

blood vessels during surgery that manifests after the 

neuromonitoring has concluded. Adequate training, proper 

equipment, and instruments are vital towards mitigating the risk 

of mistakes [6]. False positives are also critical as they impede 

surgical progress and can foster distrust in the surgeon towards 

future alerts. Potentially, it leads to loss of MEPs where proper 

care could have been taken to avoid such incidents [6]. Wrong 

interpretations also play their part in getting false results. It is 

highly recommended to use the predefined and well-established 

criteria provided by research and guidelines based on types of 

surgeries. Some of the alert criteria include the threshold of 

stimulation criteria, amplitude criteria, and morphology 

criteria [15-17]. Cedzich et al. corroborated the idea of 

employing EMG as a measure of intact motor pathways and 

mapping the cortex region, as it would not need the higher 

stimulation that inherently produces the risk of invoking seizure 

activity [18]. Also, the need to have to see limb movements to 

confirm the intact MEPs can be avoidable, especially for the 

microsurgical interventions. EMG allows for lower direct 

cortical stimulation to verify functional integrity. 

 

Testing motor function via stimulating the motor strip under 

general anesthesia with the application of a bipolar stimulator 

was first employed by Fritsch and Hitzig. It is beneficial for 

motor mapping in cortical and sub-cortical regions, with better 

spatial stimulation resolution when compared to monopolar 

stimulation. However, it has been demonstrated that monopolar 
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stimulation requires less amplitude for stimulation as it can 

directly activate pyramidal axons and induce repetitive excitation 

of the corticospinal tract (CST) while reducing the chance of 

damaging neural tissue [19]. 

 

Conclusion  
 

Intraoperative electrical stimulation of the corticospinal tract 

(CST) can be performed by two techniques, 50 Hz frequency 

Penfield and the high-frequency multipulse Taniguchi methods. 

Both methods provide a safe, helpful, and reliable resection near 

the central sulcus. A multimodality approach with sensory 

mapping, direct electrical cortical stimulation (DECS), 

electromyography (EMG), and electrocorticography (ECoG) 

increases the mapping accuracy at the lowest threshold with 

minimal risk of intraoperative seizures. Mapping of the motor 

cortex should be done after identifying the central sulcus with 

sensory mapping. DECS should be performed simultaneously 

with spontaneous EMG and ECoG to identify the ADs before the 

onset of seizures. 

 

This review illustrates the technical details involved in 

intraoperative cortical motor mapping during brain surgeries. 

Following a set of standardized guidelines and taking steps with 

a clear and concise methodology inside the operating room helps 

patients come out of critical surgical interventions with minimal 

neurological deficits. The viability of employing advanced 

intraoperative neurophysiological monitoring techniques helps in 

guiding the surgeon with confidence and clarity. Involving the 

teams with experience in surgical procedures and IONM will 

have a better patient outcome as compared to less or non-

experienced members. We propose that a multimodality 

approach towards neuromonitoring is necessary to minimize the 

probability of postoperative complications. 
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Abstract  
 

Lipiodol-based lymphangiography is not only a diagnostic tool 

for visualization of lymphatic disorders such as plastic bronchitis 

(PB), but also aims a therapeutic effect by embolizing lymph 

leakages. We performed such percutaneous lymphatic 

embolization for PB in a Fontan patient with proven absence of 

right-to-left shunt, and demonstrated important lymphatic 

abnormalities in the mediastinum. Shortly after the procedure, 

the patient developed severe convulsive seizures, revealing 

multiple cerebral embolisms of Lipiodol. Radiological images 

were impressive, yet the clinical neurological outcome was 

favorable. Lipiodol-based lymphography in Fontan patients with 

plastic bronchitis should be avoided as this subgroup is more 

likely to have developed lympho-pulmonary venous connections 

which allow systemic emboli.  

 

Keywords  
 

Plastic Bronchitis; Lymphography; Lymphangiography; 

Lipiodol; Cerebral Embolism 

 

Introduction  
 

Plastic bronchitis (PB) is a rare but severe complication in 

patients with Fontan-circulation [1,2]. Pathophysiology of 

lymphatic flow in this type of patients is still insufficiently 

understood. Dori et al. showed that most such patients have 

abnormal centrifugal flow from the mediastinal lymphatics into 

the airways with secondary formation of bronchial casts [3]. 
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These findings have revived the interest and application of 

lymphatic investigations and therapies.  

 

Dynamic lymphangiography gives morphologic and functional 

information and is essential to understand why lymphatics fail in 

a specific patient in order to assess lymphatic treatment options. 

Currently two contrast agents are available in clinical practice: 

ethiodized oil (Lipiodol®, Aulnay-sous-Bois, Guerbet, France) 

which allows visualization with conventional radiologic 

equipment, and gadolinium, a heavy ferromagnetic metal which 

requires magnetic resonance imaging.  

 

Lipiodol is a water insoluble contrast agent, a naturally iodinated 

fatty acid ethyl ester of poppy seed oil, developed in 1901; over 

the years it has been used, amongst others, in lymphangio-, 

myelo- and hysterosalpingography and certainly 

chemoembolization. Until the 1980’s when CT took over, it was 

routinely used to assess metastases within the lymphatic system. 

Currently it is still used in lymphangiography and in 

embolization procedures such as post-operative lymphatic 

leakages. Lipiodol remains for several hours and days in the 

lymphatic system, allowing localization of downstream nodes; 

this feature is used in recent techniques such as direct 

transabdominal puncture of the cysterna chyli for transabdominal 

access to the thoracic duct [4]. An additional property is its 

sclerosing effect at the leakage site where lymph leaves the 

lymphatic vessels [5]; as such it has been used therapeutically 

with variable effect in case of chylothorax, chyloperitoneum, 

protein losing enteropathy, plastic bronchitis and other lymphatic 

diseases. However, when Lipiodol enters the bloodstream, it will 

be carried as small oily droplets until the next capillary circuit, 

typically the lungs, where it may cause temporary micro-

occlusions. Lipiodol is therefore absolutely contra-indicated in 

patients with a right-to-left shunt as this may cause systemic 

embolization to vital organs.  

 

Recently Dori and coworkers successfully treated PB with 

targeted embolization of abnormal lymphatic vessels originating 

from the thoracic duct with centrifugal flow into the 

mediastinum [3,6,7]. They recommended inguinal 
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lymphangiography with Lipiodol not only to identify the 

lymphatic thoracic problem, but also to localize the cysterna 

chyli, thereby allowing its direct puncture for access to the 

thoracic duct. However, in a series of 18 patients with plastic 

bronchitis they observed “paradoxical” cerebral embolization in 

1 patient even in the absence of a venous right-to-left shunt [3,8]. 

 

We describe a similar case of a pediatric patient with plastic 

bronchitis after Fontan-palliation, who underwent percutaneous 

lymphatic embolization with Lipiodol and developed multi-

organ failure due to systemic Lipiodol embolisms.  

 

Case Report  
 

A 12-year-old boy with trisomy 21 and unbalanced atrio-

ventricular septum defect, borderline left heart structures and 

coarctation of the aorta received an extracardiac total 

cavopulmonary connection at the age of 5 years. He developed 

plastic bronchitis 4 years later. A catheterization showed a 

pulmonary artery pressure of 13 mmHg, transpulmonary gradient 

of 5 mmHg, cardiac index of 1,8 L/min/m² and pulmonary 

vascular resistance of 3,4 WU x m². A significant intracardiac 

right-to-left shunt was excluded by the absence of arterial 

desaturation, by cardiac catheterization with high volume fast 

contrast injection in the caval veins in substraction mode, 

confirming the absence of residual fenestration and venovenous 

collaterals; arteriovenous malformations in the lungs were 

excluded by cardiac catheterization and thoracic CT scan. In the 

months prior to the procedure he was hospitalized on several 

occasions for ten days or longer due to exacerbations of PB with 

expectoration of casts and hypoxia. His medication consisted of 

bosentan, sildenafil, acetylsalicylic acid, furosemide, 

spironolactone, levothyroxine, montelukast, prednisone, 

inhalations of salbutamol and steroids, and at relapses 

inhalations of t-PA. 

 

He was admitted to our hospital for lymphatic embolization; as 

part of the work-up and possible treatment an inguinal Lipiodol-

based lymphangiography was scheduled. Informed consent was 

obtained from the patient and his parents. The procedure was 
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performed under general anaesthesia. The lymph nodes in both 

groins were visualized using a linear 12 MHz ultrasound 

transducer. A suitable inguinal node was identified and directly 

punctured with a 22G spinal needle (BD Spinal Needle, 

Guadalix, Madrid, Spain). Ethiodized oil (Lipiodol® 

Ultrafluid®, Guerbet, Aulnay-sous-Bois, France) was slowly 

injected under fluoroscopic guidance until opacification of the 

efferent lymph vessels of the lymph node was observed. The 

progression of Lipiodol through the iliac and retroperitoneal 

lymph vessels, the cisterna chyli and the beginning of the TD 

was observed under fluoroscopic guidance (Figure 1); there was 

no evidence of a TD at thoracic level, excluding direct targeting 

of the thoracic duct. After the initial filling phase, injection was 

continued until a clear lymphatic leak into the mediastinum was 

visualized and well filled with Lipiodol. A total of 18ml of 

Lipiodol was injected. The dose limit recommended by the 

manufacturer (8ml per limb) was not taken into account. After 

the procedure, a cone beam CT scan of the thoracic base was 

performed to evaluate the lymphatic anatomy. Multiple 

lymphatic collaterals that drained to hilar, peribronchial, 

mediastinal and axillar regions were demonstrated (Figure 2).  
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Figure 1: Frontal view of fluoroscopic images during inguinal injection of 

Lipiodol. At abdominal level there is opacification of lymph vessels with 

drainage of Lipiodol into the cysterna chyli and thoracic duct (TD). Image of 

occlusion of the TD on the passage from abdominal to thoracic level. Black 

arrow: droplets of ethiodized oil at the passage from the inferior caval vein to 

the TCPC conduit, revealing early lymphovenous shunting. At thoracic level 

there is drainage of Lipiodol through multiple collaterals to hilar, peribronchial, 

mediastinal and axillar dilated lymph vessels. Right mediastinum is more 

affected than the left.  
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Figure 2: Cone-beam computed tomography image during Lipiodol-based 

lymphangiography shows filling of several mediastinal abnormal dilated lymph 

vessels, predominantly peribronchial right (yellow arrows). This is similar to 

the fluoroscopic image of Figure 1. 

 

Three hours after procedure, the patient developed severe 

convulsive seizures with loss of consciousness. He was intubated 

and sedated, levetiracetam was started. Urgent cerebral 

computed tomography showed diffuse, supra- and infratentorial, 

bilateral hyperdensities of more than 90 Hounsfield units, 

diagnostic for Lipiodol emboli. Other cerebral insults such as 

different types of stroke were excluded by the very disseminated 

topography of the lesions (Figure 3).  
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Figure 3 A-B: Unenhanced head CT images with “lâcher de ballons”. Lipiodol 

is shown as diffuse high-density lesions in cortical, subcortical region and more 

profound in the white substance and in cerebral and cerebellar grey cores. A: 

axial, B: sagittal section.  

 

The patient developed multiple organ failure. Neurologically, he 

was non-responsive. Hemodynamically, inotropics and 

vasopressors were required to maintain systemic perfusion. He 

developed acute kidney failure with oliguria 0.3ml/kg/h and 

creatinemia of 1.3mg/dl, and liver dysfunction with cytolysis 

(transaminases > 2.000 U/L). Radiological work-up with 

thoracic and abdominal CT showed diffuse deposits of Lipiodol 

in lungs, heart, spleen, kidneys and in less amount, thyroid, liver, 

stomach and intestines. Cerebral CT was repeated 48 hours later, 

with still impressive images of cerebral emboli, but yet less 

hyperdense. He was sedated and intubated for a total of 15 days. 

Liver enzymes as renal function recovered to normal levels. 

Cerebral MRI was performed 14 days later and confirmed 

multiple diffuse bilateral lesions of the cerebral parenchyma, yet 

less extended than on the previous CT (Figure 4). On T2 

weighted images, high signal lesions, mainly in the frontoparietal 

cortex, cerebral and cerebellar grey cores and in periventricular 

and subcortical white substance, corresponded to vasogenic and 

cytotoxic edema after recent ischemia caused by Lipiodol 

emboli. Susceptibility weighted imaging SWI, very sensitive for 

blood residues, was added to the standard MRI sequences and 

highlighted the presence of hemorrhagic components within the 

infarcted zones. Disseminated hemosiderin deposits reflected 
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diffuse residual (micro-)hemorrhages in supra- and infratentorial 

cerebral parenchyma as in the brainstem. Additionally, he 

developed a recurrent left and right chylothorax which 

necessitated pleural drainage for 3 weeks. 

 

 
 
Figure 4 A-B: Cerebral MRI 14 days after Lipiodol embolism. A: axial T2-

weighted magnetic resonance imaging of the basal ganglia, showed diffuse 

high signal lesions, for example in the left putamen (arrow). Also, 

periventricular and subcortical white matter hyperintensities in both 

hemispheres, corresponding to edema after recent ischemia. B: susceptibility-

weighted imaging (SWI) highlighted the presence of hemorrhagic components 

within the infarcted zones and diffuse, countless residual (micro-) hemorrhages 

(arrow) in supra- and infratentorial cerebral parenchyma. 

 

The patient could progressively be weaned from all sedatives 

(diazepam, midazolam, clonidine). Neurologically, there were 

involuntary dyskinetic hand and arm movements and a language 

deficit. Six months after the procedure his neurological status has 

almost recovered, except for development of spasticity in the 

lower extremities and persistent mental fatigue. All other organ 

functions had normalized after two months. 

 

During the first three months after the lymphatic intervention, 

the patient was virtually free from bronchial casts. However, 

during the next six months, he began having relapse of PB with 

bronchial casts, which gradually progressed in frequency to a 

situation similar to the situation before the lymphatic 

intervention. Eleven months after the procedure, he is still on 
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prednisone and intermittent t-PA inhalations according to the 

protocol which was used before the procedure. 

 

Discussion  
 

Systemic embolism of Lipiodol is a rare but severe and possibly 

lethal complication. In retrospect, as significant right-to-left 

shunts were excluded during the pre-procedural work-up, the 

massive systemic emboli suggest abnormal connections between 

the lymphatic system and the pulmonary veins or directly to the 

atrium. The thoracic cone-beam CT showed retrograde lymph 

flow into the atrial wall, with possible leak. We speculate that 

the systemic emboli were caused by abnormal lympho-

pulmonary connections.  

 

Lymphatic systemic embolization of Lipiodol is very rare in 

Fontan patients in general despite the obligatory pressure 

difference between systemic and pulmonary veins. Systemic 

embolism is more likely to occur in the subgroup of Fontan 

patients with plastic bronchitis, but not in those with protein 

losing enteropathy. Indeed, such patients exhibit frequent 

lymphatic abnormalities even before Fontan completion [9]. 

Very frequently Fontan patients with plastic bronchitis have an 

additional problem of the thoracic duct (obstruction, occlusion, 

absence). The TD is a large vessel connecting the abdominal 

cysterna chyli to the left subclavian vein. However, the TD is not 

a simple pathway as suggested by its name, but rather a 

multivalved contractile vessel functioning like a pump, allowing 

to propel fluid at a differential pressure as high as 40-70 mmHg 

[10,11]. The junction of the TD with the subclavian vein is 

guarded by a valve, but in chronic venous congestion as in 

Fontan patients, blood may enter the dilated TD and coagulate 

within the lymphatic vessel. If the normal passage to the 

subclavian vein is obstructed or ill-directed, this powerful pump 

can “blow” its content into the mediastinum and neck region. In 

the absence of a TD, lymphangions and smaller lymphatic 

vessels will connect to neighboring (systemic or apparently 

pulmonary) veins and pump the lymph into that vessel. 

However, overdistended submucosal lymphatics can tear and 
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leak allowing lymph to flow into the bronchial space, causing the 

typical casts of PB.  

 

Specific to the procedure, we aimed to both visualize and treat 

the lymphatic leak and therefore fully saturated the lymphatic 

system with Lipiodol. Once the Lipiodol is injected into the 

lymphatic system, there is no possibility to retrieve the 

substance, nor to dilute the concentration. To our knowledge, it 

is impossible to exclude in advance abnormal lymphatic 

connections to the pulmonary veins. Such minute and low-flow 

connections cannot be ruled out in advance; their existence can 

be presumed when in the absence of a significant venous right-

to-left shunt systemic emboli appear massively minutes-hours 

after intralymphatic injection; avoiding or minimizing the 

amount of oily contrast agent used is of utmost importance. In 

our experience with two patients who underwent inguinal 

Lipiodol lymphography for plastic bronchitis, one developed 

systemic embolism. The other patient remains cast-free now with 

20 months of follow-up. In the series of Philadelphia, 1 patient in 

18 had cerebral Lipiodol embolism [3,6]. He fully recovered one 

month after procedure. Despite the disastrous pattern in the 

radiological images, our patient also had a good neurological 

outcome. Lipiodol is known for its typical high radiopacity on 

(neuro-) imaging but apparently, is less toxic in organic tissue. 

The uncountable number of micro-hemorraghes on MRI (Figure 

4) suggest Lipiodol occlusion of small arteries; similar images 

are seen in critical ill patients with hypoxia, which possibly 

accentuated the phenomenon of microbleedings. The regression 

of clinical symptoms and resorption of the emboli from the first 

CT to the second and later on MRI is remarkable.  

 

Since this case the investigation and treatment protocol of PB in 

our center was adapted. For anatomical and functional 

visualization of the lymphatic system, inguinal intranodal 

Gadolinium Dynamic Contrast-enhanced Magnetic Resonance 

lymphangiography (DCMRL) is performed. Adequate 

visualization is obtained; however, DCMRL does not permit 

direct treatment of the dilated leaking lymph vessels, contrary to 

the sclerosing effect of Lipiodol-based procedures. Because of 

its low radiodensity and fast progression, DCMRL does not 
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allow easy fluoroscopic localization of the cysterna chyli for 

accessing the TD, which makes intervention on mediastinal 

lymphatics via transductal access very difficult. Nevertheless, 

some alternative techniques to treat PB after Fontan repair exist. 

Lymphatic leaks in PB can also be sealed without transductal 

access by direct peritracheal puncture techniques either 

percutaneous or transtracheal [1,2].   

 

Conclusion  
 

Cerebral embolism of Lipiodol after lymphography is a very 

severe complication in Fontan- patients with PB. We presume 

the existence of abnormal lymphatic connections to the 

pulmonary veins which are not possible to exclude in advance. 

When in doubt in high risk patients such as those with PB after 

Fontan, avoiding or minimizing the amount of oily contrast agent 

used is indicated. Other techniques need to be explored.  
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Abstract  
 

Hepatocellular carcinoma (HCC) is a primary cancer of the liver 

whose incidence has seen an upsurge in the United States within 

the last 2 decades. Despite improvements in detection and 

management techniques, the prognosis for patients with 

HCC generally remains poor. There are multiple factors that 

have been implicated in the etiology of HCC with cirrhosis 

occurring as a common final pathway. This review presents a 

concise summary of current trends in imaging and surgical 

management of HCC. An internet-based (PubMed) search using 

the search terms “hepatocellular carcinoma” and “imaging” and 

"surgical management" was performed. Our search was limited 

to articles related to human studies published in English during 

the period of 07/01/2011 to 06/30/2016. A review of all relevant 

articles was conducted, and findings were summarized. Modern 

imaging modalities employed in the diagnosis of HCC include 

ultrasound scan (USS), computed tomography (CT), and 

magnetic resonance imaging (MRI) scan. The utility of 

diagnostic imaging is enhanced when interpreted in conjunction 

with appropriate laboratory tests such as alpha-fetoprotein.  

 

The definitive treatment for HCC remains challenging; hepatic 

resection (HR) and liver transplantation (LT) are two approaches 

offering potentially curative options. For patients undergoing 

HR, important considerations include achieving maximum 

resection while maintaining optimal post-resection liver remnant 

volume (LRV) and functional capacity (FC), which can be 

assessed using 3-dimensional CT and indocyanine green 

clearance. Generally, an LRV of 40-50% is considered an 

acceptable lower limit for individuals with HCC compared to 20-

30% among individuals with normal livers. With increasing 

knowledge of disease pathology, appropriate patient selection, 

coupled with advances in anesthesia and surgical technique, 

overall 5-year survival rates have significantly improved. 
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Challenges associated with LT on the other hand include donor-

liver shortages with resultant long wait times and continued 

disease progression. The scarcity of cadaveric-donor livers has 

led to employing living-donor livers. Ethical considerations with 

respect to subjecting potentially healthy donors to undue 

morbidity and mortality risk however remain. Additional donor-

shortage circumventing strategies include employing marginal, 

domino, and split-organ liver transplants. For patients awaiting 

transplant, employing bridging therapy such as radiofrequency 

ablation and transhepatic artery chemoembolization might 

occasionally help slow disease progression and maintain 

transplant eligibility. Appropriate patient selection achieved 

through the Milan and UCSF criteria designed to guide allotment 

of donor livers to patients with the best chances of survival could 

help improve outcomes and 5-year survival rates. The main 

radiological options for diagnosis include USS, CT, and MRI. 

HR and LT are two distinct surgical options, which in practice 

can be used to complement one another. Appropriate patient 

selection is necessary to achieve maximum benefits from HCC 

therapies. 

 

Introduction & Background  
 

Hepatocellular carcinoma (HCC) is a malignant disease arising 

from liver cells. It is the most common of the primary liver 

cancers and has a strong association with chronic exposure to 

aflatoxins and infection with tumorigenic pathogens, such as 

Hepatitis B virus and Hepatitis C virus [1]. HCC is one of the 

major causes of cancer morbidity and mortality worldwide. It is 

especially prevalent in developing countries where food 

contamination with aflatoxins and infections with Hepatitis B 

and C viruses are more common. However, its occurrence is 

beginning to increase in developed countries due to the high 

prevalence of diseases such as obesity and diabetes that can 

result in cirrhosis of the liver, one of the final common pathways 

in the pathogenesis of HCC [2].  

 

Given the complexity in the pathogenesis and course of HCC, it 

is best managed by multidisciplinary teams comprising surgeons, 

diagnostic and interventional radiologists, oncologists, 
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hepatologists, and pathologists. The HCC as well as its 

underlying causes will need to be treated or controlled. 

Multidisciplinary management helps in the individualization of 

treatment strategies, with the ultimate goal of optimizing patient 

outcomes. This concise review highlights the imaging and 

surgical treatment modalities available for HCC with the goal of 

aiding clinicians to make better informed individualized 

management decisions. 

 

Review  
Diagnostic Imaging  
 

There are quite a number of diagnostic techniques that can be 

used in arriving at a diagnosis of HCC [3]. Upon suggestive 

clinical history and examination, the appropriate use of 

radiological imaging, laboratory tests, and pathological evidence 

from biopsies can aid in the accurate diagnosis of HCC [4]. 

 

The main radiological options include ultrasound scanning 

(USS), computed tomography (CT), and magnetic resonance 

imaging (MRI) scans with each modality having its specific 

advantages as well as limitations.  

 

Ultrasound Scan Imaging  

 

Ultrasound scanning is cost-effective and does not expose 

patients to ionizing radiation [5]. The American Association for 

the Study of Liver Disease (AASLD) recommends that high-risk 

patients undergo ultrasound screening every six months [6]. 

When a lesion of less than 1 cm is identified, it should be re-

examined every three months. If the lesion increases in size, 

further evaluation with CT and/or MRI is indicated [7]. Major 

limitations to the use of ultrasound include its dependency on the 

operator’s skill, as well as its relatively low sensitivity and 

specificity with regard to the characterization of liver masses [8]. 

However, some studies have shown that the use of contrast-

enhanced ultrasound studies can improve tumor characterization 

[9,10]. Additionally, contrast ultrasound guidance is particularly 

useful in improving the diagnostic accuracy of biopsy procedures 

[10]. In ultrasound contrast studies, HCC characteristically 
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displays a vascular profile of enhancement during the arterial 

phase with washout during the venous phase [10] (Figures 1 and 

2). 

 

 
 
Figure 1: (A-B) After administration of IV. 

An ultrasound contrast agent (SonoVue). The largest lesion is monitored 

throughout the arterial phase. The mass again shows internal vascularity with 

slightly delayed enhancement, followed by washout in the portal. 

Image Courtesy: Dr Balint Boltz, Radiopaedia.org, ID:70877; 

https://radiopaedia.org/cases/70877/studies/81075?lang=us IV, intravenous 
 

https://www.cureus.com/articles/16509-a-concise-review-on-current-trends-in-imaging-and-surgical-management-of-hepatocellular-carcinoma#figure-anchor-97136
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Figure 2: (A, B, C, and D) Multiple hypoechogenic solid masses are visible in 

the liver using B-mode ultrasound.  

The lesions show increased internal vascularity when interrogated using superb 

microvascular imaging. 

Image courtesy: Dr Balint Botz, Radiopaedia.org, rID: 70877; 

https://radiopaedia.org/cases/recurrent-hepatocellular-carcinoma-ceus?lang=us 

 

Computed Tomography Imaging  

 

Suspicious lesions identified in ultrasound are often further 

evaluated on CT. Commonly utilized CT scanning technologies 

include spiral CT and multi-detector CT, both of which enjoy 

significantly high specificity at about 93% [11-12]. The 

sensitivity of multi-detector CT is, however, higher at about 81% 

compared to about 68% for spiral CT [7,12]. The limitations of 

this imaging modality are patient exposure to ionizing radiation 

and low sensitivity (33.45%) for lesions less than 1 cm [8]. 

Nonetheless, its ability to allow for three-dimensional 

reconstruction images useful for operative planning - a capability 

not available with MRI despite its higher sensitivity and 
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specificity - makes it very useful in the management of HCC 

patients [13]. Similar to its USS appearance, HCC 

characteristically demonstrates arterial phase enhancement and a 

venous phase washout with rim enhancement due to retention of 

contrast in its fibrous capsule [14] (Figure 3). 

 

 
 
Figure 3: (A-B) CT imaging showing a mass in a cirrhotic liver with mosaic 

enhancement on early phases and rapid washout on delayed phase, compatible 

with hepatocellular carcinoma.  

 

A: Axial C + arterial phase; B: Axial C + portal venous phase Image courtesy 

of Dr Mohammad Taghi Niknejad, Radiopaedia.org, rID: 20886; 

https://radiopaedia.org/cases/hepatocellular-carcinoma-with-portal-vein-

tumour-thrombosis 

 

Magnetic Resonance Imaging  
 

Similar to the ultrasound and CT contrast studies, HCC 

demonstrates arterial phase enhancement and venous phase 

washout in MRI studies with contrast [15] (Fig 4). The 

commonly used gadolinium-based MRI contrast studies allow 

for the detection of lesions greater than 2 cm with a sensitivity of 

about 91% and specificity of about 95% [16]. Hepatocyte-

specific contrast agents such as gadoxetate and dimeglumine are 

being developed which enhance the ability of MRI to detect 

HCC lesions that are less than 1 cm [15,17]. The non-usage of 

ionizing radiation, with its lesion detection capabilities, makes 

this imaging modality particularly attractive. The length of time 

required to complete the MRI studies may constitute a challenge 

for critically ill patients.  

https://www.cureus.com/articles/16509-a-concise-review-on-current-trends-in-imaging-and-surgical-management-of-hepatocellular-carcinoma#figure-anchor-97140
https://www.cureus.com/articles/16509-a-concise-review-on-current-trends-in-imaging-and-surgical-management-of-hepatocellular-carcinoma#figure-anchor-97141
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Figure 4: (A-B) MRI showing hypervascular liver mass with washout on 

delayed images.  

A: Axial T1 FS C+ arterial phase; B: Axial T1 FS C+ delayed  

Case courtesy: Dr Ahmed Subaie, Radiopaedia.org, rID: 25953; 

https://radiopaedia.org/cases/hepatocellular-carcinoma-13?lang=us 

MRI, magnetic resonance imaging 

 

Surgical Treatment Options  
 

As of yet, there is no definitive curative treatment strategy for 

HCC although liver transplantation and hepatic resection, the 

two main surgical approaches, are potentially curative [18-19]. 

However, the risk of tumor recurrence still remains a major 

challenge [20]. 

 

Hepatic Resection  

 

This procedure, which involves the surgical resection of cancer 

with appropriate tumor-free margins, requires an adequate 

functional reserve of the liver. Radical resection of hepatic 

parenchyma in patients with an inadequate functional reserve can 

result in post-operative liver failure [21].  

 

The adequacy of the future remnant volume, its functional 

capacity, and surgical safety can be assessed using three-

dimensional CT imaging and indocyanine green (ICG) clearance 

[22-23]. On CT imaging, the remnant liver volume can be 

estimated on slide sections and then integrated to give an 

approximate calculation of the future post-surgical remnant liver 

volume. A value of between 20% and 30% of the total liver 

volume is generally acceptable in patients with normal livers 

https://radiopaedia.org/cases/hepatocellular-carcinoma-13?lang=us
https://assets.cureus.com/uploads/figure/file/97141/lightbox_d8cec180c5e611ea84ff01dc4abe5260-Figure-2.2.png
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[22]. However, HCC is uncommon in patients with normal livers 

and is more often associated with a diseased liver. In this group, 

a post-surgical remnant liver volume of between 40% and 50% is 

considered safe [23]. 

 

The ICG clearance test gives an indication of liver function by 

calculating the fractional retention of ICG - a dye that is 

exclusively excreted in bile without any significant metabolism 

or enterohepatic circulation. In healthy individuals, the normal 

ICG retention fraction is about 10%. Values of less than 10% 

allow for resection of up to two-thirds of the total liver volume; 

patients with ICG values between 10% and 19% can potentially 

tolerate resections of about a third of their total liver volume; a 

value between 20% and 29% would allow for resection as much 

as only a sixth of total liver volume, while patients with values 

30% and above might be able to safely tolerate only limited 

resection [8].  

 

For patients determined to have low future remnant liver volume, 

preoperative portal vein embolization as described by Makuuchi 

et al. can be considered [23-24]. This procedure relies on the 

regenerative capacity of the liver. Occlusion of the portal vein 

supplying the region of the tumor will result in compensatory 

hypertrophy of the other regions and this can be as much as 40% 

[18]. The rate and ability to elicit a hypertrophic response to 

portal vein embolization gives a good indication of the future 

remnant liver function [25]. Thus, portal vein embolization can 

double as a dynamic stress test prior to hepatic resection as well 

as a method for increasing resectability. Even though there are 

some concerns about its stimulating growth of the existing tumor 

as part of compensatory hypertrophy, portal vein embolization 

with subsequent resection is currently the gold standard for cases 

of small hepatic remnant volume [26]. 

 

In addition to considerations of the future remnant liver volume, 

the intra-operative surgical approach has been shown in some 

studies to affect the cumulative survival rate with anatomical 

resection demonstrating significantly higher rates than non-

anatomical resection [27]. The preferred anatomical approach is 

a segment-based resection that targets the removal of the tumor-
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affected liver with all intra-segmental portal vein branches as 

HCC may metastasize through the portal venous system [27]. 

However, the sub-segmental non-anatomical approach may be 

the only practical option when it is necessary to maintain an 

adequate future remnant liver volume. This more technically 

demanding approach may be optimized with the use of intra-

operative ultrasound that will help in identifying possible missed 

tumors as well as improving the detection of vascular invasion. 

 

Other current trends in hepatic resection include minimally 

invasive laparoscopic surgeries. Studies investigating 

laparoscopic hepatic resection and comparing them to open 

hepatic resections have found equivalent outcomes with the 

added benefit of decreased surgical stress, minimal water, and 

electrolyte disturbances, and less overall financial burden on the 

healthcare system [28-30]. However, the learning curve for 

younger surgeons to achieve proficiency with minimally 

invasive procedures suggest that surgeons with extensive 

experience using both open and laparoscopic approaches should 

be present at surgery [31-33]. 

 

To conclude, with current advances in anesthesiology, surgical 

techniques, and better knowledge of disease pathology, the 

perioperative morbidity and mortality risk associated with 

hepatic resection in HCC patients has been reduced significantly 

with five-year survival rates being as high as 50% [34-36].  

 

Liver Transplantation  

 

Transplantation is a surgical option for HCC patients who have 

tumors not amenable to hepatic resection [37]. It allows for wide 

tumor excision margins, removal of intrahepatic metastasis, 

management of underlying liver pathology, and is not limited by 

considerations of future liver remnant volume [7,18]. The major 

challenge associated with transplantation is a dearth of available 

donor livers to meet the high demand for transplantation [18-19]. 

The need to allot the available donor livers to patients with the 

best chances of survival has led to the development of several 

transplantation eligibility criteria algorithms. The two most 

commonly used are the Milan and UCSF criteria [3]. Under the 
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Milan criteria, HCC patients with a solitary lesion of ≤5 cm in 

diameter or up to three lesions with each being ≤ 3cm in 

diameter are categorized as being eligible for transplantation 

[38]. Using these criteria for patient selection has significantly 

increased five-year survival to about 76%, comparable to results 

in patients undergoing liver transplant for indications other than 

HCC [38]. The UCSF criteria include patients with a single 

lesion of ≤6.5 cm or up to three lesions with each being ≤4.5 cm, 

with a cumulative diameter of ≤8cm. Studies have shown that 

there is no statistically significant difference in survival among 

those meeting the Milan criteria versus those exceeding the 

Milan criteria. In one study, patients meeting UCSF criteria but 

exceeding Milan criteria had a two-year survival of 86% (95% 

CI, 54% to 96%) [39]. These results suggest that the UCSF 

criteria may better predict acceptable post-transplant outcomes 

than the Milan criteria [39]. 

 

Even with the establishment of these criteria, most patients have 

to be on a waitlist for a considerable time period before getting a 

donor liver, during which time continued progression of the 

disease results in some patients becoming ineligible for 

transplantation. Accordingly, bridging treatment strategies 

including radiofrequency ablation, trans-hepatic artery chemo-

embolization (TACE) and even hepatic resection may be 

necessary to avoid waitlist dropout [40].  

 

In the United States, Model for End-Stage Liver Disease 

(MELD) exception points are used to reduce waitlist dropout by 

giving preference to Stage two HCC patients needing liver 

transplantation who meet the Milan Transplant Criteria [41]. 

 

Difficulties associated with the acquisition of sufficient 

cadaveric-donor livers and resulting long waitlist times have led 

certain centers, especially in Asia, to perform living-donor liver 

transplants. Meta-analysis studies comparing this procedure to 

the traditional cadaveric-donor liver procedure have shown 

similar overall survival rates [42]. However, this raises ethical 

issues about exposing living donors to such levels of 

morbidity/mortality risk without any direct benefits to their 

health. Other strategies also in use in Asia include the use of 
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marginal livers, split-organ transplants, and domino livers, 

wherein the native explanted liver of a liver transplant recipient 

is transplanted into another patient [3,43]. 

 

Conclusions  
 

In conclusion, HCC is a complex disease with a clinical 

management strategy that involves consideration of multiplex 

factors in clinical decision-making. The surgical management 

strategies include hepatic resection and liver transplantation, 

which should not be considered using an either-or approach, but 

rather should be seen as complimentary tools along a spectrum. 

Just like most surgical procedures, appropriate patient selection 

remains a sine qua non for the demonstration of maximum 

benefit by these surgical strategies. 
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Abstract  
 

In the trauma situation where the trauma team is faced with a 

severely injured limb, it requires judicious thinking and 

evaluating not only the injury in isolation but the patient as a 

whole when considering the management options. The aim must 

be to give the best quality of life and avoid repeated admissions 

to hospital for associated complications in the future. 

 

The decision to amputate or salvage a limb should be based on 

numerous factors, such as the patient’s pre-injury status, injury 

factors (soft tissue injury, location, contamination and 

physiological status), patient’s wish and available resources. 

 

The biggest challenge when faced with a complex limb injury is 

deciding what management route to take with a satisfactory 

outcome for the patient being the main goal. 

 

Many studies have been undertaken looking at the outcome of 

successful limb salvage versus primary amputation. Studies such 

as the Lower Extremity Assessment Project (LEAP) study have 

concluded that there was no difference of outcome at the two-

year stage between the two strategies. 

 

Introduction & Background  
 

In the trauma situation where the trauma team is faced with a 

severely injured limb, it requires judicious thinking and 

evaluating not only the injury in isolation but the patient as a 

whole when considering different management options. When 

considering whether to salvage a limb or to proceed with 

amputation, many variables must be taken into consideration; 

these include objective aspects, such as the injury and the 

comorbidities of the patient, as well the subjective aspects, such 

as the economic, social and psychological status. The aim must 

be to give the best quality of life and avoid repeated admissions 

to hospital for associated complications in the future. Currently, 

no consensus has been reached as how best to deal with these 

situations, as there have been few high-level studies. 
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Decision-Making Factors  
 

The decision to amputate or salvage a limb should be based on 

numerous factors, such as the patient’s pre-injury status, injury 

factors such as soft tissue injury, location, contamination and 

physiological status, patient’s wishes and availability of 

resources [1]. 

 

The strategy of treatment options is based on the type of fracture 

and associated soft tissue damage, the duration of the warm 

ischaemic period and the overall condition of the patient [2]. In 

the case of polytrauma patients and in those who are in a critical 

condition physiologically, limb salvage may be contraindicated, 

as the priority is to preserve life [3]. In patients who are stable 

but have a severely injured limb, the decision for limb salvage or 

amputation primarily depends on the level of soft tissue injury 

sustained, as well as neurovascular damage impacting the long-

term outcomes. When considering the vascular status, it has been 

shown that a warm ischaemia time of greater than six hours 

greatly reduces the success rate of a salvage procedure [4]. 

However, this can be improved if the limb is in ice-cold water 

for four to eight hours, giving a window of up to eight hours to 

perform a salvage procedure [5]. In those with a nerve injury, 

some studies have favoured amputation such as for a Gustilo 

type IIIC fracture with associated nerve injury [6]. Another study 

recommended amputation for patients with posterior tibial nerve 

impairment [4]. For injuries with soft tissue involvement, the key 

factor that will determine a good outcome is the coverage with 

an adequate blood supply, which will prevent the risk of 

infections and non-union. Another determinant is adequate 

debridement of necrotic tissue. 

 

Another consideration is the level of amputation. The goal is to 

preserve as much of the limb as possible. Using the lower limb 

as an example, a long limb uses less energy when walking; 

therefore, a below-knee amputation is preferable to through-the-

knee and above-knee amputations [7]. 

 

The wish of the patient should also be considered when making a 

decision. Some patients may not be able to afford a protracted 
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absence from employment and therefore may decide to have an 

amputation. Other personal factors include social support, 

availability of rehabilitation services and the willingness to 

engage with such services. 

Depending on the medical system within which a patient is 

treated, the financial cost may dictate the decision-making 

process. The decision to salvage a limb that eventually leads to 

amputation will be a costlier decision. Goldberg et al. calculated 

the cost of hospitalization per patient to be $18,698, of which 

patients paid $2,261 on average in the United States of America 

[8]. Clearly a burden on low income individuals and their 

family. However, another study has concluded that amputation is 

costlier than limb salvage. Chung et al. stated that an amputation 

for a 40-year-old patient will cost at least $93,606 and up to 

$154,636 more than limb salvage (independent of ongoing 

prosthesis needs) [9]. In a state-funded healthcare system, the 

financial aspect would not have impact on the patient directly. 

 

It has also been shown that delayed amputation carries an 

increased risk of sepsis and infective complication as compared 

to primary amputation [10]. 

 

A multitude of scoring systems have been developed to aid the 

surgeon when evaluating the severity of an injured limb. These 

include the Mangled Extremity Severity Index (MESI) devised 

by Gregory et al., which is further developed by McNamara et al. 

into the Nerve injury, Ischemia, Soft-tissue contamination, 

Skeletal injury, Shock and Age (NISSA) score, Hanover Fracture 

Scale (HFS) and the Limb Salvage Index (LSI) [6,11-13]. 

However, these scoring systems have been shown to be 

imprecise when prospectively making a clinical decision whether 

to amputate or salvage a limb [14-16]. This is mainly thought to 

be due to the scores being devised from retrospective studies, as 

well as other factors such as differences in an interobserver 

grouping of the severely injured limb. 

 

A recent retrospective study carried out looked at 1,354 patients 

with mangled lower extremities who were treated at 222 level I 

and II trauma centres. Only 21% of patients underwent 

amputation, with half of these amputations occurring within 24 
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hours of the injury. Amputation was most likely in those with 

certain types of injury, high energy impact, associated injures 

such as severe head injury and hypotension [17]. This study 

suggests that the majority of injured limbs are being salvaged 

and that amputation only occurs in the immediate period, most 

likely due to the inevitability that an amputation will occur at 

some stage. 

 

Review  
Outcomes  
 

The biggest challenge when faced with a complex limb injury is 

deciding what management route to take with a satisfactory 

outcome for the patient being the main goal. As a consequence, 

the medical team has to consider different factors, such as the 

long-term psychological impact, functional and quality of life 

(QoL) outcomes. There has been much debate on how to define 

and measure QoL [18]. However, a consensus points to a range 

of domains, such as physical, psychological and social. 

 

Patient factors also dictate the outcome and therefore together 

with physical, social and psychological domains, economic 

status must be considered. Francel reported that patient factors 

rather than the severity of the injury correlated with a successful 

return to work. Patients who were younger than 40 years, more 

educated and in white-collar employment tended to fare better 

[19]. 

 

In 2006, Barros et al. published “The Belfast Approach,” which 

advocates the early placement of shunts in both artery and vein, 

with the aim of reconstruction of all injured anatomical 

structures on the first encounter. They state that the shunt 

ultimately buy time for meticulous care, significantly reducing 

fasciotomies and resulting in a significant reduction in the 

incidence of contracture and amputation. They also championed 

the case for optimal vein reconstruction. This strategy was 

shown to reduce the incidence of re-exploration and secondary 

repair [20].  
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Hoogendoorn and van der Werken looked at grade III open tibial 

fractures and the functional outcome and QoL in amputees 

versus patients with successful reconstruction. They concluded 

that patients with successful reconstruction experience 

significantly more complications, requiring further surgical 

interventions, as compared to those who underwent primary 

amputation. The complications related to the former group were 

due to problems in bone healing [21]. 

 

This is countered by Dagum et al. who have reported that 

patients who underwent amputation had lower physical 

functional outcome scores compared to those who had successful 

limb salvage procedures [22]. In another study, Puno et al. 

reported no difference in function and pain between primary 

amputation and limb salvage [23]. 

 

According to MacKenzie et al., predictors of poor outcomes 

include rehospitalizations for a major complication, non-white 

race, lower socioeconomic status, low self-efficacy, smoking and 

involvement in disability compensation litigation [24]. These 

findings are difficult to implement and consider when making a 

clinical decision. 

 

The highest level of evidence available was conducted by Bosse 

et al. and was named the Lower Extremity Assessment 

Project (LEAP) study. It was a multicentre prospective cohort 

study including 601 patients enrolled from eight level I trauma 

centres in the United States of America who had sustained high-

energy lower limb injuries. The primary outcome of the study 

was derived using a self-reported measure of health status that 

was called the Sickness Impact Profile (SIP), which was 

measured for several months after the injury. Scored ranged from 

0 to 100 with a score >10 considered to represent severe 

disability [25]. The conclusion reached by the study was that at 

the two-year follow-up point there was no difference in the 

health status between those who had undergone amputation 

compared to those who had had their limb salvaged. It was noted 

however that those who underwent amputation were less likely 

to require rehospitalizations. 
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A meta-analysis was conducted by the Evidence-Based 

Orthopaedic Trauma Working Group in 2007 that also supported 

the LEAP study by concluding that there was no significant 

difference of functional outcome in those treated with either an 

amputation or successful limb salvage, at least up to seven years 

post-injury [26]. 

 

Another meta-analysis published in 2011 by Akula et al. 

concluded that lower limb reconstruction is more acceptable 

psychologically to patients with severe lower limb trauma 

compared to amputation; however, physical outcomes for both 

management strategies were similar [27]. 

 

In military studies, from the experience in Afghanistan and Iraq, 

data have been utilized from the Expeditionary Medical 

Encounter Database. In a retrospective study from 2001 to 2008, 

there were a total of 587 early amputees and 117 limb salvage 

patients. It was shown that early amputees had similar physical 

outcomes but were noted to have a lower rate of psychological 

disorders [28]. 

 

Conclusions  
 

The decision to either amputate or salvage a limb is a complex 

one. There is a multitude of factors that dictate not only the 

decision but also the outcome. When looking at the decision-

making progress, different aspects such as environmental factors 

will influence which route to take. There will inevitably be a 

difference depending on the location of the patient. If they live in 

an area that has no established trauma network or in a rural area 

that does, then the availability of specialists will dictate the 

decision. The status of a patient is also crucial, as in the case of a 

polytrauma patient who is critical, the main goal would be to 

preserve life and not necessarily save the limb. In patients who 

are fortunate to be bought to a trauma centre with all the 

available specialists, then a multidisciplinary approach must be 

taken. When making a decision, if possible the patient must be 

involved in the process. In private healthcare systems, the 

financial burden for the patient and immediate family may 

influence what can and cannot be done. 
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As has been shown many studies have been undertaken looking 

at the outcome of successful limb salvage versus primary 

amputation. A consensus has not been reached and many studies 

argue one strategy over the other; however, the higher level of 

evidence has become available over the last decade including the 

LEAP study, which concluded that there was no difference at the 

two-year stage between the two strategies. Two meta-analyses 

have given similar conclusions, with reconstructive surgery 

being suggested as the better strategy based only on better 

psychological outcomes. This does come at a risk of greater 

rehospitalizations. This all leads to the crucial step of involving 

the patient in the decision process. This in itself can be 

challenging as in the critical period post trauma, a patient may 

not be able to communicate or be able to give an informed 

decision. 
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Abstract  
 

Background: Mortality rate rapidly decreases with age after 

birth, and, simultaneously, the spectrum of death causes show 

remarkable changes with age. This study analyzed age-

associated decreases in mortality rate from diseases of all main 

chapters of the 10
th
 revision of the International Classification of 

Diseases. 

 

Methods: The number of deaths was extracted from the 

mortality database of the World Health Organization. As zero 

cases could be ascertained for a specific age category, the Halley 

method was used to calculate the mortality rates in all possible 

calendar years and in all countries combined. 

 

Results: All causes mortality from the first day of life to the age 

of 10 years can be represented by an inverse proportion model 

with a single parameter. High coefficients of determination were 

observed for total mortality in all populations (arithmetic 

mean=0.9942 and standard deviation=0.0039).  

 

Slower or no mortality decrease with age was detected in the 

first year of life, while the inverse proportion method was valid 

for the age range [1, 10) years in most of all main chapters with 

three exceptions. 

 

a. The decrease was faster for the chapter "Certain conditions 

originating in the perinatal period" (XVI).  

b. The inverse proportion was valid already from the first day 

for the chapter ―Congenital malformations, deformations and 
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chromosomal abnormalities" (XVII).  

 

c. The shape of the mortality decrease was very different for 

the chapter "Neoplasms" (II) and the rates of mortality from 

neoplasms were age-independent in the age range [1, 10) 

years in all populations. 

 
Conclusion: The theory of congenital individual risks of death is 

presented and can explain the results. If it is valid, latent 

congenital impairments may be present among all cases of death 

that are not related to congenital impairments. All results are 

based on published data, and the data are presented as a 

supplement. 

 

Keywords  
 

Mortality rate; Age; Childhood; Congenital anomalies; WHO 

Database 

 

Introduction  
 

Mortality rate is one of the most important indicators of 

population health. It decreases with age after the birth and 

increases with age in adults. This increase in adults is 

approximately exponential and is a curious phenomenon 

observed in several higher organisms, including Homo sapiens 

[1-9]. It is usually interpreted as a manifestation of aging and 

affects all individuals [10-18]. From the statistic point of view, 

age is a deterministic variable in this relationship and 

coefficients of determination may be higher than 0.99 [4,18-23]. 

 

Faster changes in mortality rates with age are during childhood 

[5,7-9]. The fast mortality decrease in childhood is accompanied 

by age-based changes in the spectrum of death causes [24-28]. 

The dominant death causes which reached more than 10% during 

the first weeks of life are insignificant after the age of five years. 

Figure 1 illustrates the proportions of deaths from diseases 

categorized in specific chapters of the 10
th
 revision of the 

International Classification of Diseases (ICD10) [28,29]. The 

proportions are shown in the age categories during the age 
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interval [0, 10) years and 100% corresponds to all deaths in a 

specific age range. Chapters whose diseases were responsible for 

more than 1% of the deaths in at least one age category are 

shown. The proportions were calculated for all 14 countries 

together and they were very similar in individual countries. 

 

 
 

Figure 1: Proportions of deaths from diseases categorized in specific chapters 

of ICD10. 

 

The aims of the study may be split into two main levels:  

 

a) What type of model could describe the decrease of mortality 

with age after birth? Is it exponential, power or some other type 

of mathematical function? The questions lead to the parametric 

description of age trajectory of mortality (ATM). The historical 

list of studies on this topic is not big and the models are 

described more detailed in the appendix (the relationships 17-

24). The exponential Gompertz model used by Thiele was the 

first historical attempt.30 Bourgeois Pichat composed the model 

describing the decrease of death in the age of n months for the 

age interval 28 – 365 days [31-34]. A model of ATM for all age 

categories was designed later by Heligman and Pollard [7] The 

simple linear model with two parameters in the log-log scale 

could be also used and it corresponds to the Weibull distribution 

(the relationships (23) and (24) in the appendix). For example, 
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Bebbington et al. used the reduced additive and flexible Weibull 

distributions with the separation of mortality to exogenous or 

endogenous causes over the entire life span [8,9]. It has also 

been shown that the decrease may be represented by an inverse 

proportion model with a single parameter, and the model may be 

valid for higher ages (it has been assessed for congenital 

anomalies of the central nervous system within the age range [0, 

90) years) [28]. All-causes ATM and ATM for the main chapters 

of ICD10 were constructed here and convenient parametric 

models were found. 

 

b) The attempt to explain the steep decline in mortality rate with 

age after birth represented the second level of the study. The first 

view could lead to the assumption, that population is 

homogenous and the development of every individual caused the 

steep decrease of mortality with age. The alternative assumption 

that population is very heterogeneous was used here. 

Heterogeneity from the point of view of ATM was used also in 

the "frailty model of mortality" in some demographic studies 

[35,36]. The more theoretical discussion is done for example in 

Vaupel et al [36]. Vaupel and colleagues proposed a model of 

heterogeneity in individual frailty, estimating the gamma 

distribution of frailty in a population at birth [35]. An individual 

with a frailty of 1 represents a ―standard‖ individual, while an 

individual with a frailty of 2 is twice as likely to die at any 

particular age as the standard individual (an individual with a 

frailty of 0.5, on the other hand, is only one-half as likely to die). 

It has to be stressed that the theoretical shape of ATM was 

common to all subpopulations in the theory. Heterogeneity 

consisted in differences in one of the two parameters of the 

exponential increase with age and the parameter corresponded 

frailty. The hypothesis was created to explain the exponential 

increase of ATM in adults. It was not related to the decrease of 

mortality with age after birth and the extinction of 

subpopulations with age was not considered. On the other hand, 

we have tried to explain the decrease of child mortality with age. 

We hypothesized that the mortality decrease with age was the 

result of the extinction of more sever patients. Individuals with 

more severe congenital impairment typically died during the first 

hours or days of life, and the majority of these severe cases were 
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classified as congenital anomalies or other impairments 

originating in the perinatal period [28]. The proportion of severe 

congenital anomalies and impairments originating in the 

perinatal period was very small after the first year and decreases 

to zero as age increases [26]. The coincidence between All-

causes ATM and ATM constructed for congenital anomalies was 

the other empirical finding which was assumed here [28]. It 

means that the model of inverse proportion was valid for All-

causes ATM, and simultaneously for ATM constructed for 

congenital anomalies up to 90 years. Furthermore, investigating 

ATM constructed for other specific group of diseases may help 

to elucidate how the resulting All-causes ATM was composed. 

The similarity between ATM constructed for congenital 

anomalies and other ATM may show that "the sequential 

exclusion of individuals with more severe impairments was 

responsible for the steep decrease in total mortality with age". 

 

From methodical point of view, age was the main explanatory 

variable here. The age at which an individual died was a very 

reliable information and it could be assumed that the number of 

deaths is a well-known information in developed countries. On 

the other hand, the determination of the death cause may be 

related to some uncertainty. 

 

The present study used data of 14 European countries and the 

calendar periods in which ICD10 was used. The calendar periods 

are shown in Table 1 and the studied population represents 

approximately 570 million living persons in one calendar year 

(the combined population of all the 14 countries is labeled as 

P14). The total mortality rate decreased three orders of 

magnitude with age within the age range of [0, 10) years. For 

example, the highest mortality rate was 39,543.8 per 100,000 

living persons per year in P14, in the age range 0–24 h, and the 

ATM reached the minimum value of 10.5 per 100,000 living 

persons per year within the age range of [5, 10) years. Mortality 

rates increased beyond the minimum value, reaching 19,788.2 

deaths per 100,000 living persons per year within the age range 

[90, 95) years (similar Figures were seen in each country and in 

each calendar year). 
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Table 1: Calendar periods and population sizes. 

 

Country France Germany Italy Spain UK Czech 

Republic 

Austria 

Years 2000-2014 1998-2015 2003-2014 1999-2015 2001-2015 1994-2015 2002-2016 

Population 61,466,098 80,892,654 59,026,383 44,137,863 61,569,167 10,384,837 8,420,447 

Country Hungary Poland Slovakia Sweden Norway Denmark Finland 

Years 1996-2015 1999-2015 1996-2014 1997-2015 1996-2015 1994-2009 1996-2015 

Population 10,055,552 38,570,112 5,407,663 9,215,809 4,708,433 5,357,073 5,265,968 

 

Notes: Size of specific population is mean of population sizes in specific calendar years.  
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P14 represents the biggest aggregate for which ATM were 

constructed and enables smoother curves. P14 may also 

eliminate zero cases for some diseases in specific age category. 

Initially, the decrease in ATM was analyzed in the largest 

population P14. Total mortality rates and mortality rates from 

diseases of specific ICD10 chapters were used to construct 

ATM. ATM were also constructed for each country, three 

specific country groups, and for ICD10 chapters. 

 

Materials and Methods  
 

The 1-year period is a typical time unit used in epidemiology, 

biology, and social sciences. Biological events (e.g. death or 

disease) in different ages may be studied in one specific calendar 

year across age categories (transversal description). Other 

possibility is the longitudinal observation of individuals born in 

the same year (generation study or longitudinal study). If the 

time unit "1 year" is replaced with the time unit "one day" (e.g. 

for some biological, social or cultural reasons), events observed 

for 1 year represent the aggregation of the events that occurred in 

365 days. Aggregation of more calendar years has a similar 

meaning. Age was here assumed as the main factor and all other 

factors were assumed to be less significant. Furthermore, the 

existence of general mechanisms was assumed, as demonstrated 

in the ATM after birth. The mechanism could be unknown and 

was identified as aging in higher age ranges, as mortality rate 

increased with age [37]. For these reasons, ATM were primarily 

constructed in as large population as possible (P14). Data and 

results of specific countries and of three country groups were 

also studied. Including more regions and calendar years within 

the analysis may eliminate all factors other than age, rendering 

the impact of age more visible. The following standard definition 

of the force of mortality at age x was used: 

 

  
 

 

 

   0

1
lim . ,
h

dS x
D x h Didxx

S xL x Li Bi Ai





   



                                      (1)  

 

where D(x+h) is the number of deaths in a small age range, [x, 

x+h), the infinitesimal increment h is positive. S(x) is the 
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survival function (percentage of living people at age x), which is 

valid in principle: S(x) = 1-F(x), where F(x) is the cumulative 

distribution function of the probability of death. The empirical 

value Di is the number of deaths within an age range [Ai, Bi), 

while Li is the size of the population among which the deaths 

occurred. Empirically, changes in Li within an age interval 

[Ai, Bi) were very small, when compared with changes in Di, and 

the number of living people Li within an age interval [Ai, Bi) was 

used instead of the average number of living people in the region 

and calendar period. Namely, population Li goes through the 

"window" in time or through the age interval [Ai, Bi) and it is the 

meaning of the product Li•(Bi-Ai) in equation (1). The unit 

corresponding to the mortality rate is "person-years,‖ which 

means the number of years lived by members of the population 

between ages Ai and Bi. Uncertainty or possible demographic 

error of Li were discussed in the previous studies in detail [20-

23] and they were assumed to be negligible with the respect to 

resulting ATM. 

 

ATM were assumed to be unknown theoretical curves, and were 

constructed using the right side of the equation (1). Mortality 

rates in different age groups describes the groups Li in the same 

way a decay constant describe the force of a radioactive decay on 

different radionuclides, while the different radionuclides 

correspond to the groups Li. 

 

Population of 14 countries (P14)  
 

Zero deaths in a given age group may be the major problem for 

the construction of ATM from a disease or from a set of diseases 

grouped in some ICD10 chapters. While zero deaths due to some 

disease may occur within a specific age category in a specific 

calendar year, at least one death may occur within the same age 

category in other calendar year. Consequently, the inclusion of 

additional calendar years may remove this obstacle. The method 

was first utilized by the well-known astronomer and 

mathematician Edmond Halley [38-40]. In 1693, he elaborated a 

population life table for the city of Breslau using data based on 

his analysis of the number of births and deaths recorded in parish 

registers over several calendar years. This method enables the 
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calculation of the mortality rate within one age category based 

on the number of deaths and living persons in several years 

[26,28,39,40]. It simply means that, in each age interval, the 

number of living people and the number of all died in more than 

one calendar year and more than one region are added together. 

It is noteworthy that standard epidemiologic and demographic 

interpretations of the specific value of mortality rate within a 

specific age category differ from the values calculated for one 

calendar year. However, the interpretation is the same for all age 

categories, and the resulting ATM may be interpreted as a 

hallmark of the population changes with aging. It has also been 

used in paleodemography, where a population and its 

corresponding life table were constructed [40]. Besides, 

including more regions and calendar years may eliminate factors 

other than age. 

 

The WHO mortality database contains the number of deaths 

within specific age categories in different countries.41 It is 

crucial that the database uses the following four age categories 

for the first year of life: [0, 24) hours, [1, 7) days, [7, 28) days, 

and [28, 365) days. Unfortunately, these four categories are not 

used in all countries and calendar years. The death cause is 

determined using the specific revision of the International 

Classification of Diseases in the database. The database contains 

the 7
th
 -10

th
 revisions of ICD and specific revisions are used for 

different calendar years by different countries. Here, the calendar 

period used in each country corresponds to the period when the 

recent 10
th
 revision (ICD10) was applied [29]. 

 

The present study used WHO data collected in 14 European 

countries. Calendar periods and these populations are shown in 

Table 1.42 The population of the 14 European countries 

combined (P14) represents approximately 570 million living 

persons in one calendar year. Besides being constructed for 

populations of specific countries and for P14, ATM were also 

constructed for the following populations: a) the five big EU 

countries (France, Germany, Italy, Spain and the U.K.), labeled 

as "P1", b) the five Central European countries (Austria, Czech 

Republic, Hungary, Poland and Slovakia), labeled as "P2", and 

c) the four Nordic countries (Denmark, Finland, Norway and 
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Sweden), labeled as "P3". The relevance order was: P14, the 

three subgroups of countries (P1, P2 and P3), and the 14 

countries separately. A total of 18 ATM could be constructed for 

specific groups of diseases in 18 different populations. If no 

deaths were registered within a specific age category in any 

population, ATM for this population was not constructed. For 

example, no cases in the chapter "Pregnancy, childbirth and the 

puerperium" (XV) were found within the age range [0, 10) years 

in all populations. Thus, this chapter was not relevant to the 

study.  

 

As the WHO database41 is not user-friendly, ―txt‖ files were 

imported into Microsoft (MS) Excel 2016. Moreover, a simple 

program was developed using Visual Basic for Applications to 

perform the following manipulations (the calculation of the sum 

of cases in each chapter and each age category). MS Excel was 

used at the first level of processing, along with standard 

packages in R 3.3.2 for Windows. The level of statistical 

significance was set to 0.05 for all tests. The arithmetic mean of 

the interval endpoints was used as a representative value for each 

age category. The time unit ―1 year‖ was used in all age 

categories and in all calculations. 

 

Model Assessment  
 

The decrease in the mortality rate with age was visually linear in 

the log–log scale. At first, the linearity of the trajectory within 

the age range [0, 10) years was statistically examined by the full 

quadratic model (2) using the method of least squares (LS): 

 

       .ln .ln .lnln x constant x x x                         (2)    

The null hypothesis for the quadratic element (Ho:  =  was not 

rejected (P > 0.05), while the parameter was significant (P < 

0.0001) in all populations. The F-test, in which the full model (2) 

does not provide a significantly better fit than the restricted 

model without the quadratic element, provided the same result. 

Consequently, it was assumed that the decrease in total mortality 

with age was linear in the log–log scale. Following this 

assumption, a linear submodel (3) was developed: 
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  [    ]                                                                 (3) 

 

The two parameters ln[1], , their standard deviations, and the 

adjusted coefficients of determination R
2
 in the linear model (3) 

were calculated using the LS method for the age interval of 

[0, 10) years. The hypothesis that the residuals were 

age-independent was not rejected (P > 0.05), and our data further 

confirmed that the residuals were not U-shaped. The results are 

shown in Table 2. 

 

Because the slope  was close to the value -1, the null hypothesis 

Ho:  = -1 was examined using the model (3) and was not 

rejected (P > 0.05). The specific value -1 for the parameter  

corresponds to the inverse proportion between mortality rate and 

age. If  = -1, the following is formally valid: 

 

     
  

 ⁄      is on the log–log scale:   ln[    ] = ln    -ln        (4)    

The parameter 1 in model (4) can be estimated using the 

equation (5) for n pairs of values ln[(xi)] and ln(xi), via the LS  

method: 
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 ⁄                                            (5) 

Furthermore, the standard coefficient of determination Rb
2 

in 

model (4) can be described as follows: 
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    (6) 

 

The inverse proportion (4) is a nested model that includes the 

two-parameter linear model (3). In the next step, the null 

hypothesis that model (3) (with two parameters) does not 

provide a significantly better fit than model (4) (with a single 

parameter), was tested using a standard Fisher’s test. Resulting 

p-values are shown in Table 2 (the null hypothesis was not 

rejected in any population). Consequently, the inverse proportion 

between total mortality and age was the resulting model within 

the age range of [0, 10) years. Besides, the standard coefficients 
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of determination Rb
2
 in model (4) were higher than 0.99 in all 

populations, except for Czech Republic (0.981). Arithmetic 

mean of coefficients of determination Rb
2
 in model (4) was 

0.9942 and standard deviation was 0.0039. Such values are 

uncommon and the inverse proportion between total mortality 

and age may be considered as a deterministic relationship. It 

implies that, compared to the first day of life, mortality rate was 

10 times lower after 10 days, 100 times lower after 100 days, and 

3,650 times lower after 10 years. 

 

Results  
Age Trajectory of Total Mortality  
 

Age trajectory of total mortality is more important than ATM 

due to specific groups of diseases. It is also more reliable 

because the determination of the cause of death may be burden 

with some uncertainty (for example, it may be expected for cases 

registered in the 18
th
 chapter of the ICD10: "Symptoms, signs 

and abnormal clinical and laboratory findings, not elsewhere 

classified"). The age trajectories of total mortality are expected 

to be smoother and show more significant findings than the 

investigations of specific diseases. 

 

The age trajectories of total mortality reached the minimal value 

within the age range [5, 10) years in each country separately, as 

well as in P1, P2, P3 and P14. Slovakia was an exception, where 

the minimal value was found within the age range [10, 15) years. 

Furthermore, the age range [0, 10) years was used to evaluate the 

total mortality decrease with age. At first, the age trajectories of 

total mortality were investigated visually. All age trajectories of 

total mortality are shown in Animation 1 and one age trajectory 

of total mortality for P14 is shown in Figure 2 in the log-log 

scale. 
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Animation 1, Figure 2: Age trajectory of total mortality. 
 

One of p-values of the Test of linearity in 14 separate countries 

was only 0.08 in Finland and one of p-values of the Test of c/x 

was 0.06 in Czechia in Table 2. The relatively small values near 

the significance level 0.05 showed that the null hypothesis of the 

linearity was more in danger in Finland. The null hypothesis that 

the model c/x described data was more in danger in Czechia. On 

the other hand, p-values of both tests were very high in 

aggregated populations P1, P2, P3 and P14 in Table 2 (it simply 

corresponded to the law of large numbers and to the fact that 

populations P1, P2, P3 and P14 were composed from smaller 

populations). It has to be note that all results and conclusions 

were limited to the fact that the investigation populations 

originated from Central, Western and Northern European 

countries and may not be representative of non-European 

countries. The partly similar study was done in the six countries 

of the South America and it had showed that the model of 

inverse proportion was valid for All causes ATM (specific 

chapters of ICD10 were not investigated in the study) [23]. It 

indicated that the conclusion of the presented study may be valid 

in less developed countries. Naturally, other study has to confirm 

or reject such findings. 

https://videleaf.com/wp-content/uploads/2021/02/Animation-1_PAMED2ED-20-29.gif
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Table 2: Results of Total Mortality calculated in the log-log scale. 

 

Population Test of 

linearity 
 Lower 

CI 95% 

Upper 

CI 95% 

2 Rb
2 Rb

2- 2 Test of 

c/x 

France 0.31 -0.984 -1.034 -0.934 0.9963 0.9965 0.0002 0.47 

Germany 0.70 -0.987 -1.036 -0.938 0.9964 0.9967 0.0003 0.54 

Italy 0.82 -1.007 -1.072 -0.942 0.9941 0.9948 0.0007 0.81 

Spain 0.36 -0.960 -1.022 -0.898 0.9941 0.9931 -0.0010 0.17 

UK 0.88 -1.030 -1.082 -0.977 0.9963 0.9959 -0.0004 0.22 

P1 0.72 -0.997 -1.046 -0.948 0.9965 0.9970 0.0004 0.87 

Czechia 0.18 -0.918 -1.004 -0.831 0.9873 0.9810 -0.0064 0.06 

Austria 0.14 -1.006 -1.069 -0.944 0.9944 0.9951 0.0007 0.82 

Hungary 0.21 -1.008 -1.075 -0.941 0.9937 0.9945 0.0007 0.79 

Poland 0.93 -1.023 -1.086 -0.961 0.9946 0.9948 0.0002 0.41 

Slovakia 0.20 -0.951 -1.030 -0.871 0.9901 0.9887 -0.0014 0.19 

P2 0.73 -1.003 -1.063 -0.942 0.9948 0.9955 0.0006 0.92 

Sweden 0.99 -0.968 -1.023 -0.912 0.9953 0.9948 -0.0005 0.22 

Norway 0.78 -0.966 -1.012 -0.920 0.9967 0.9959 -0.0008 0.13 

Denmark 0.29 -1.014 -1.060 -0.967 0.9970 0.9972 0.0002 0.51 

Finland 0.08 -0.960 -1.032 -0.888 0.9919 0.9913 -0.0007 0.23 

P3 0.45 -0.975 -1.027 -0.924 0.9960 0.9959 -0.0001 0.30 

P14 0.78 -0.996 -1.048 -0.945 0.9962 0.9967 0.0005 0.88 

 
Notes: The column labeled as "Test of linearity" contains p-value of the test of the null hypothesis for the quadratic element (Ho:  =  in model (2) (all trajectories were linear in the log-log scale). 

The column labeled as "" contains point estimation of the slope in model (3) and the next two columns contain the limits of 95% confidence intervals of the parameter . 
_

R 2 is the adjusted coefficient 

of determination calculated for two parameters and nine points in the model (3). Rb
2 is the coefficient of determination of the inverse proportion (4) in the log-log scale and it was calculated using 

formula (6). The last column labeled as "Test of c/x" contains p-value of the standard Fisher’s test, which determined that the model (3) (with two parameters) does not provide a significantly better 

fit than the model (4) (with a single parameter). The inverse proportion (4) was a successful model in all cases. 
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Chapters of the ICD10  
 

Cause of death is a less reliable information than the 

determination of age. On the other hand, the inspection of ATM 

from specific diseases may provide an important viewpoint to 

the decrease of mortality rate with age. It may show the 

composition of age trajectory of total mortality. The WHO 

database41 uses the ICD10 classification [29], and the four age 

categories during the first year of life were used in some 

calendar years and regions. If the four age categories are used, 

the ATM may be constructed (constructing ATM with less than 

four age ranges for the first year of life is also possible; however, 

essential information about decreased mortality rate after birth is 

lost in such case).  
 

The main chapters of the ICD10 were used here to study the 

spectrum of diseases related to the decrease in mortality rate with 

age after birth. Besides, ATM due to congenital anomalies of the 

central nervous system because higher coefficient of 

determination in some previous studies (the category is the 

subset of the chapter "Congenital malformations, deformations 

and chromosomal abnormalities" (XVII.)). 
 

Table 3 contains the number of deaths within the age interval [0, 

10) years and the proportions of diseases of main chapters of the 

ICD10 calculated for the P14. If non-zero cases were present in 

each age category, ATM could be constructed, and such chapter 

was labeled as "yes" in the column "ATM". All external causes 

(accidents) were mentioned in the chapters XIX, XX, and XXI, 

and were grouped together in a single category labeled as 

"Accidents‖. The two dominant chapters "Certain conditions 

originating in the perinatal period" (XVI) and "Congenital 

malformations, deformations and chromosomal abnormalities" 

(XVII) addressed cases of congenital abnormality or any other 

defect developed during the perinatal period (diseases of the two 

chapters accounted for 39% and 23% of all deaths in the P14 

within the age interval [0, 10) years, respectively). The chapter 

"Symptoms, signs and abnormal clinical and laboratory findings, 

not elsewhere classified" (XVIII) addressed cases with unclear 

diagnosis and was evaluated separately (it may be assumed that 

visible congenital abnormalities were not related to death in this 

chapter).  
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The inverse proportion model (4) fits ATM of total mortality 

with very high coefficients of determination. Coefficients of 

determination lower than 0.99 were found only in Czech 

Republic and Slovakia (arithmetic mean=0.9942 and standard 

deviation=0.0039 and a value of 0.9967 was reached in P14). 

Simultaneously, total mortality rates were the sum of deaths 

registered in all chapters of the ICD10. Thus, the whole spectrum 

of ATM due to the specific chapters shows the composition of 

the age trajectory of total mortality. For these reasons, preference 

was given to the linear relationship in the log-log scale, which 

was used in the visual inspection. Straight lines with the slopes -

1 or 0 were used in the age ranges [0, 365 days) and [1, 10) 

years, for preliminary assessment. 

 

ATM from diseases of the main ICD10 chapters, i.e. the chapters 

marked with "yes" for the P14 in the column "ATM" in Table 3, 

were constructed for each population (the first column of Table 2 

shows the list of populations). ATM from accidents represents 

non-biological causes of death and were not investigated (this 

category comprised about 8% of deaths in P14 in the age range 

[0, 10) years). Initially, ATM were visually inspected in the log-

log scale for all populations and the ATM of P14 are shown in 

Animation 2. The first ATM of Animation 2 is in Figure 3 (ATM 

from "Certain infectious and parasitic diseases" (Chapter I)). 

ATM from "Certain infectious and parasitic diseases" (Chapter I) 

of all populations are shown in Animation 3 and the ATM of 

France is shown in Figure 4 (some of these ATM had undefined 

mortality rates within some age categories, due to the absence of 

death).
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Table 3: Results Calculated in Main Chapters of ICD10 during the first 10 years in P14. 

 

    the 1st day-365 days 1-10 years 

Chapter Di P ATM  =0 =-1  =0 =-1 

Certain infectious and parasitic diseases (I.) 9,224 2.49 yes -0.22 0.011 0.022 -1.28 0.000 0.006 

Neoplasms (II.) 20,754 5.61 yes -0.65 0.026 Ho -0.001 Ho 0.0002 

Diseases of the blood and blood-forming 

organs and certain disorders involving the 

immune mechanism (III.) 

2,871 0.78 yes -0.50 0.011 0.011 -0.88 0.003 0.295 

Endocrine, nutritional and metabolic diseases 

(IV.) 

8,306 2.25 yes -0.45 Ho Ho -0.85 0.007 Ho 

Mental and behavioural disorders (V.) 215 0.06 no x  x x  x 

Diseases of the nervous system (VI.) 16,854 4.56 yes -0.25 0.020 0.002 -0.73 0.006 Ho 

Diseases of the eye and adnexa (VII.) 4 0.00 no x x x x x x 

Diseases of the ear and mastoid process (VIII.) 158 0.04 no x x x x x x 

Diseases of the circulatory system (IX.) 8,374 2.26 yes -0.49 0.006 0.005 -0.83 0.014 Ho 

Diseases of the respiratory system (X.) 10,176 2.75 yes -0.22 Ho 0.016 -1.01 0.001 Ho 

Diseases of the digestive system (XI.) 3,454 0.93 yes -0.43 0.012 0.007 -0.92 0.002 Ho 

Diseases of the skin and subcutaneous tissue 

(XII.) 

46 0.01 no x x x x x x 

Diseases of the musculoskeletal system and 

connective tissue (XIII.) 

331 0.09 no x x x x x x 

Diseases of the genitourinary system (XIV.) 758 0.20 yes -0.46 0.013 0.009 -0.64 0.005 0.023 

Pregnancy, childbirth and the puerperium 

(XV.) 

0 0.00 no x x x x x x 

Certain conditions originating in the perinatal 

period (XVI.) 

144,469 39.06 yes -1.16 0.005 Ho -1.52 0.004 Ho 

Congenital malformations, deformations and 

chromosomal abnormalities (XVII.) 

85,252 23.05 yes -0.91 0.0001 Ho -1.22 0.001 Ho 

Symptoms, signs and abnormal clinical and 

laboratory findings, not elsewhere classified 

(XVIII.) 

29,132 7.88 yes -0.62 0.042 Ho -1.29 0.003 Ho 

Accidents (XIX,.XX.,XXI.) 29,487 7.97 yes x x x x x x 

"Other diseases" 60,771 16.43 yes -0.36 0.007 0.002 Ho 0.003 Ho 

CACNS (ICD10 codes: Q00-Q07) 10,596 2.86 yes -0.99 0.007 Ho Ho 0.002 Ho 

 

Notes: Diseases from chapters for which the decrease in mortality was slower during the first year than after the first year and were not related to congenital impairment were added to the group 

labeled as "Other diseases.” This group contained the chapters I-XV, without the chapter II (neoplasms). The last three chapters (XIX, XX, and XXI) were aggregated into a category labeled as 

"Accidents.” The column labeled as "Di" contains number of deaths within the age range [0, 10) years. The column labeled as "P" contains proportions of diseases of specific chapter or chapters in 

all deaths within the age interval [0, 10) years. The column labeled as "ATM" indicates if all age categories contained a non-zero number of deaths and if ATM could be constructed for the age range 

[0, 10) years. If all age categories contained a non-zero number of deaths, the row was marked with "yes" in the column "ATM”. If one age category contained zero deaths, the row was marked with 

"no” in the column "ATM.” Slope 1 was calculated in the log-log scale for the first four age categories (during the first year). Slope 2 was calculated in the log-log scale for the age range [1, 10) 

years. The column labeled as "1=0" contains p-value of the test of the null hypothesis Ho: 1=0. The column labeled as "1= -1" contains p-value of the test of the null hypothesis Ho: 1= -1. The 

column labeled as "2=0" contains p-value of the test of the null hypothesis Ho: 2=0. The column labeled as "2= -1" contains p-value of the test of the null hypothesis Ho: 2= -1. If the null 

hypothesis was not rejected, the symbol "Ho" was used in the last four columns (a value of 0.05 indicated statistical significance for all tests). 
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Animation 2, Figure 3: Certain infectious and parasitic diseases in P14. 

 

 
 

Animation 3, Figure 4: Certain infectious and parasitic diseases in France. 

https://videleaf.com/wp-content/uploads/2021/02/Animation-2_PAMED2ED-20-29.gif
https://videleaf.com/wp-content/uploads/2021/02/Animation-3_PAMED2ED-20-29.gif
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ATM from neoplasms (Chapter II) differed significantly form 

ATM of other ICD10 chapters. Results of all populations are 

shown in Animation 4 and ATM of P14 is shown in Figure 5. 

These ATM decreased during the first year of life but became 

age-independent from the first year to the 20
th
 year of life. The 

decreased mortality rate from neoplasms during the first year 

may be described by the inverse proportion model (4) for all 

populations, except for Spain, U.K., Czech Republic, and 

Slovakia. The inverse proportion model (4) was not rejected in 

all other populations within the age interval [0, 365) days. All p-

values calculated for neoplasms are shown in Table 4 in the 

appendix. 

 

 
Animation 4, Figure 5: Neoplasms in P14. 
 

Unlike neoplasms, mortality rates from other conditions had a 

faster decline after the first year of life than during the first year 

(see Animation 2). The mortality decrease was described by the 

inverse proportion (4) in six chapters within the age interval 

[1, 10) years in population P14 (the results are in the last column 

in Table 3), while the inverse proportion (4) was rejected only in 

https://videleaf.com/wp-content/uploads/2021/02/Animation-4_PAMED2ED-20-29.gif
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two chapters of ICD10 in P14. A faster decrease in mortality 

from "Certain infectious and parasitic diseases" and a slower 

decrease in mortality from "Diseases of the genitourinary 

system" within the age range [1, 10) years were observed. More 

detailed Figures are shown in Table 3. Age-independence (null 

hypothesis Ho: slope=0) and the specific value of slope -1 were 

tested separately for the age ranges [0, 365) days and [1, 10) 

years. The bending ATM are also studied and discussed in the 

section "Theory of Congenital Individual Risks.‖ 
 

ATM from conditions of chapters I, III, IV, VI, IX-XI, and XIV 

were bending in the log-log scale, and these causes of death are 

not related to congenital impairment (Animation 2). Diseases of 

all chapters for which mortality decrease was slower in the first 

year of life than after the first year, and were not related to 

congenital impairment were aggregated in the single group 

"Other diseases", which comprised conditions of chapters I-XV 

without the second chapter "Neoplasms". The results of ATM 

from "Other diseases" of all populations are shown in Animation 

5 (ATM of P14 is shown in Figure 6). 
 

 
 

Animation 5, Figure 6: Other diseases in P14. 

https://videleaf.com/wp-content/uploads/2021/02/Animation-5_PAMED2ED-20-29.gif
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Age Trajectory of Mortality from Certain Conditions 

Originating in the Perinatal Period (Chapter XVI) and 

from Congenital Anomalies (Chapter XVII)  
 

These two chapters differ from the other ICD10 chapters in a 

very important aspect: cases in the two chapters are related to 

congenital impairment or any impairment that was developed 

during the perinatal period. At first, ATM from these conditions 

were also visually inspected in the log-log scale; results of all 

populations are shown in Animations 6 and 7, and the ATM of 

P14 are shown in Figures 7 and 8. No case was found in some 

age categories in some populations in the chapter "Certain 

conditions originating in the perinatal period"(XVI.). 

Consequently, 14 results of ATM from conditions of chapter 

XVI were available, while all 18 results of ATM from conditions 

of chapter XVII were available.  

 
Animation 6, Figure 7: Certain conditions originating in the perinatal period 

in P14. 

 

 

 

https://videleaf.com/wp-content/uploads/2021/02/Animation-6_PAMED2ED-20-29.gif
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Animation 7, Figure 8: Congenital malformations, deformations and 

chromosomal abnormalities in P14. 

 

Bending ATM were not observed for conditions of the two 

chapters and ATM decreased to higher ages (see Animation 6 

and 7). The shortest age range in which mortality decreased with 

age was [0, 15) years, and the age interval was used to the 

description of the mortality decrease unlike the inspection in the 

two age intervals in Table 3 (ATM decreased in the age range 

[0, 15) years also in P14).  

 

Visual inspection of Animations 6 and 7 show that the variation 

in the linear model is larger for conditions of the chapter XVI 

and smaller for conditions of the chapter XVII. The linearity was 

rejected only in the U.K. and Poland, while it was not rejected in 

the rest 12 ATM in the chapter XVI (it means that the null 

hypothesis Ho: =0 in the model (2) was tested and 14 ATM 

were obtained in the chapter). Regarding ATM from chapter 

https://videleaf.com/wp-content/uploads/2021/02/Animation-7_PAMED2ED-20-29.gif
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XVII conditions, linearity was observed in all populations, 

except for those from Czech Republic, Slovakia, and Denmark. 

 

In the next step, two specific slopes -1 and -2 in the log-log scale 

were tested within the age range [0, 15) years (only the linear 

ATM in the log-log scale were tested in the next step). The 

inverse proportion model (4) was rejected in all populations, 

regarding ATM from chapter XVI conditions (mortality decrease 

was steeper in the log-log scale). The specific value of -2 in the 

model (3) was accepted in three populations (France, Poland, 

and P2) but rejected in P14 and in the remaining populations. 

Interpretation and the meaning of the value -2 are discussed in 

the following text. 

 

Different results were obtained for ATM from chapter XVII 

conditions (Congenital malformations, deformations and 

chromosomal abnormalities). The inverse proportion model (4) 

was not rejected in 12 out of 15 populations (the linearity was 

rejected in three populations). The inverse proportion model (4) 

was not rejected in the most important population P14. 

 

In summary, the decrease in mortality from chapter XVI 

conditions with age was steeper, while the inverse proportion 

model (4) better fitted ATM from chapter XVII conditions 

(Animations 6 and 7). All detailed Figures are shown in Table 5 

and Table 6 in the appendix. 

 

Age Trajectory of Mortality due to Congenital 

Anomalies of the Central Nervous System (CACNS)  
 

It was previously shown that the inverse proportion model was 

valid up to higher ages for congenital anomalies of the central 

nervous system (CACNS) with high coefficients of 

determination in other populations [26,28]. CACNS are 

designated by the Q00-Q07 codes in the ICD10 and were studied 

here as an individual disease group. Data on ATM from CACNS 

of all populations are shown in Animation 8, and the ATM of 

P14 is shown in Figure 9. The age range [0, 15) years was used 

to compare ATM from CACNS and from conditions of chapters 

XVI and XVII, as, in all populations studied, this was the lowest 
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age range in which mortality decreased (results of the shorter age 

range [0, 10) years were very similar). All 18 ATM due to 

CACNS were available in the age range [0, 15) years. 

 

Linearity was rejected in six countries (Germany, Italy, Austria, 

Poland, Slovakia and Finland), while it was not rejected in all 

other countries and in all aggregated populations P1, P2, P3 and 

P14. Consequently, the inverse proportion model (4) was tested 

in 12 populations and it was rejected only in Czech Republic and 

Hungary. The coefficients of determination calculated in the 

model (4) were very high, in general, reaching the maximum 

value of 0.9964 in P1, and the value of 0.9958 in P14. All these 

results are shown in Table 7 in the appendix. Arithmetic mean of 

Rb
2
 calculated for 9 ATM in the age range [0, 15) years was 

0.9868 (standard deviation=0.0078). 

 

The coefficients of determination Rb
2
 calculated for ATM from 

CACNS in the model (4) were almost as high as those calculated 

for total mortality (Table 2). For example, the coefficient of 

determination was 0.9967, for total mortality within the age 

range [0, 10) years in P14, while a value of 0.9958 for ATM 

from CACNS was found in P14 in the same age range. The 

inverse proportion model (4) was not rejected in 12 populations 

in the age range [0, 10) years. Arithmetic mean of Rb
2
 calculated 

for 12 ATM from CACNS in the age range [0, 10) years was 

0.9873 with standard deviation 0.0076. 

 

Overall, the mortality decrease with age was slower within age 

ranges above 20 years in some populations (see Animation 8).  
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Animation 8, Figure 9: Congenital anomalies of the central nervous system. 

 

Age Trajectory of Mortality due to Symptoms, Signs 

and Abnormal Clinical and Laboratory Findings, not 

elsewhere Classified (Chapter XVIII)  
 

A bending ATM was also detected for conditions of chapter 

"Symptoms, signs and abnormal clinical and laboratory findings, 

not elsewhere classified" (XVIII), which contains cases with 

problematic diagnosis. ATM in P14 was age-independent in the 

first year of life and decreased within the age range [1, 10), 

according to the inverse proportion model (4) (Table 3). A total 

of 7.88 % of all deaths due to these conditions in P14 occurred 

within the age range [0, 10) years. 

 

Theory of Congenital Individual Risks (TCIR)  
 

The previous results may be explained by the theory that 

mortality decrease with age is caused by the extinction of 

individuals with severe congenital impairment. This theory is 

https://videleaf.com/wp-content/uploads/2021/02/Animation-8_PAMED2ED-20-29.gif
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based on the assumption that some children had a congenital 

impairment, and this was approximately age-independent. The 

majority of the population had a very mild impairment or none 

impairment, which was not relevant to the ATM calculation. 

Age-independence is a rough approximation, and it is used to 

describe heterogeneity in the whole population. The main reason 

for the aforementioned assumption is that the decrease in the 

mortality rate from CACNS with age is possibly caused by the 

extinction of severe impairments. In addition, the decrease in 

mortality from CACNS with age was previously indicated by the 

inverse proportion model [25,26,28]. Herein, total mortality also 

decreases with age, according to the same model, with high 

coefficients of determination (Table 2). In fact, a congenital 

impairments leading to a congenital individual risk of death may 

change with age. Such changes are not addressed here, 

considering the whole spectrum of impairments in the born 

population. Simultaneously, the majority of the population has 

very small or absent congenital individual risks of death, which 

render them irrelevant to ATM. 

 

A population is composed of subpopulations characterized by 

specific impairment levels, and each congenital impairment level 

is described by a continuous value (r), which corresponds to the 

congenital risk of death or mortality rate per one person-year. It 

is an empirically unknown value for concrete person and, 

furthermore, some distribution of r may be assumed in born 

population. In other words, it is assumed that the shape of ATM 

is a hallmark of the r value distribution at the moment of birth. 

Survival function S(r, x) in the subpopulation of individuals with 

similar impairments and with the same value of r is: 

 

                                                                                  (7) 

 

This is probably the simplest survival curve and it is also valid 

for the proportion of specific radionuclide in time x (if the r 

value in the formula (7) is replaced by the decay constant). 

Derivation of relationships between mortality rate and x is 

presented in the appendix in the first paragraph Equations in 

TCIR.  
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If it is assumed that "the more severe the impairment, the less 

frequently it occurs in the born population", mortality rate 

decreases with age according to the inverse proportion model (4) 

and the equation (15) in the appendix is valid. Such distribution 

of r may be explained by the biological selection of higher 

values of r, which could proceed during the previous generations 

or during pregnancy. 

 

The interpretation of the formula (16) in the appendix is: "if the 

incidence of different r values is approximately the same", the 

slope of mortality decrease with age in the log-log scale is about 

-2. For example, such situation may happen after a huge 

catastrophe. In a more general way, it may happen when the 

selection of serious impairments is not present. This may be 

approximately valid for impairments developed in the perinatal 

period, which are grouped within the chapter "Certain conditions 

originating in the perinatal period (XVI). This is a possible 

explanation for the steeper decline in mortality due to chapter 

XVI conditions with age. 

 

Bending Age Trajectory of Mortality  
 

Bending ATM represent the next empirical verification of TCIR 

(see Animations 2, 3 and 5). At first, it is difficult to assume that 

any hypothetical individual development is more significant after 

the age of 1 or 2 years (it has to be valid if any homogenous 

description of population is assumed). Such hypothetical 

homogenous development has to be significantly slowed down 

during the first year and it is more significant after the second 

year up to the age of 10 years.  

 

In contrast, the TCIR explains the mortality decrease with age 

based on the sequential extinction of more severe impairments, 

and it could also explain the bending ATM. Mathematically, if 

maximal value rmax of congenital individual risks in the born 

population is not big and infinity is replace by rmax in equation 

(13) in the appendix, the following approximation is valid: 

[25,26] 
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Furthermore, if the product rmax.x is smaller than 1 in equation 

(8), the theoretical mortality rate is approximately constant. It 

follows from the approximation (9): [25,26] 

 

     
  

 
 [            ]  

  

 
[            ]               (9) 

 

If a time unit of 1 year is used, and if r is per year, then the 

product rmax.x is unit less. The approximation (9) is valid if the 

product rmax.x is smaller than 1. On the other hand, if age x is 

higher (x > 2), the exponential term in the squared brackets can 

be neglected in equation (8), and the inverse proportion (15) in 

the appendix is valid. Consequently, the theoretical relationship 

(8) may explain the bending ATM, and it was used to fit bending 

ATM.  

 

Why may congenital risks be limited in some categories of 

diseases and why may the limit be higher for congenital 

anomalies? For example, if an individual case of death is related 

to infectious disease and no visible congenital impairment is 

determined, a hypothetical congenital impairment is latent. Some 

ICD10 chapters do not automatically contain cases with severe 

and visible congenital impairments (unless such impairments 

exist). If TCIR is valid for diseases that are not related to 

congenital anomalies, the spectrum of r should be limited by 

relatively small value of rmax for the diseases. This explanation 

may account for the empirical ATM in Animations 2, 3 and 5, or 

in Figures 3, 4 and 6. 

 

For these reasons, the model (8) was used here and the two 

parameters rmax and 1 were estimated. The two values were 

numerically calculated by minimizing the residual sum of 

squares with the coefficients of determination. The values for 

P14 are shown in the two last columns in Table 8 in the 

appendix. 
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On the other hand, no such small limit of r may exist in the all-

cause category, and this is the explanation for why ATM were 

not bending and the model (4) fits them in the whole age interval 

[0, 10) years (Table 2). The limit rmax may correspond to a 

medical definition of a specific ICD10 chapter and may also 

differ according to the country. The relationship (8) could 

explain the decrease in the total mortality rate with age, 

according to an inverse proportion following the first day of life, 

which may be age-independent during the first year of life.  

 

As higher the rmax the straighter the ATM is in formula (8) in the 

log-log scale (empirically, the highest value of rmax was in the 

chapter XVIII. in Table 4). It should be emphasized that the 

inverse proportion (4) was valid for total mortality from the first 

day of life and the coefficients of determination in Table 2 were 

very high. 

 

As the bending ATM may be explained by TCIR for conditions 

of all chapters with the bending ATM were grouped in one 

category of diseases and the category is labeled as "Other 

diseases.‖ The category "Other diseases‖ does not contain 

Neoplasms (II) and the two chapters XVI. and XVII. related to 

some impairment present after the perinatal period (this set of 

chapters contained the chapters I and III-XV). The results 

calculated for the category "Other diseases" are shown in the last 

row of Table 8 in the appendix. 

 

The most important coefficients of determination Rb
2
 calculated 

for P14 with in the age interval [0, 10) years in the model (4) are: 

0.9967 (total mortality), 0.9958 (CACNS), 0.9815 (the chapter 

XVII), and adjusted coefficients of determination calculated by 

the model (15) for the bending ATM are shown in the last 

column of Table 8 in the appendix. The highest values of the 

bending model (15) were 0.977 for conditions of the first ICD10 

chapter and 0.968 for conditions of the "Other diseases" 

category. The results are also shown visually in Animations 1, 5 

and 8. 

 

All the results show that the possible mechanisms responsible for 

the model of the inverse proportion (4) may be general biological 
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process. The values of Rb
2
 were very high for CACNS, where the 

mechanisms were well visible and where the extinction of more 

severe impairments is obvious.  

 

Other Historical Models of Age Trajectories of Total 

Mortality after Birth  
 

The list of all parametrical attempts to describe age trajectories 

of human mortality after birth is not long. Four models, which 

are described in the appendix, were published in the scientific 

literature. Their ability to fit nine age categories in the age 

interval [0, 10) years, which were used in the WHO database, is 

not high. Age trajectory of total mortality in P14 was fitted in the 

present study using these models and the LS method. The 

resulting curves are shown in Figure 10 and the inverse 

proportion model (4) fits data preferably. The adjusted 

coefficient of determination was 0.9967 in the inverse proportion 

model (4), 0.9396 in the HP model, 0.4241 in the Exp model, 

and was negative in the BP model (the sum of squares was 

bigger than in the trivial model without parameters). 

 

Consequently, the ability of models Exp and BP to explain the 

data is very weak (model BP is even increasing in lower ages). 

Model HP showed a greater ability, but the coefficient of 

determination is much lower (0.9396), when compared with the 

inverse proportion method (0.9967). Besides, model HP is 

concave in the log-log scale and linearity was not rejected in all 

populations, regarding total mortality. The parameter  in the 

model (2) may closely estimate the ATM curvature in the log-log 

scale. Its estimation was positive in seven countries, and 

negative in other populations, including P1, P2, P3, and P14 

(statistically, the null hypothesis Ho. =0 was not rejected in all 

populations). The results show that the models Exp, BP, and HP 

were not suitable to describe age trajectories of total mortality 

after birth. 

 

The Weibull model (WM) with two parameters is linear in the 

log-log scale and may be identified with the model (3). It may fit 

linear data in the log-log scale but absolute value of the slope of 

mortality decrease in the log-log scale should be less than one 
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(the slope has to be greater than -1). Consequently, WM may not 

fit steeper decrease with slope equals to-1 or less than -1. WM is 

identical with the linear model (3) if slope is greater than -1. 

Because the slope calculated in WM was very close to-1 (the 

estimation calculated in WM was -0,9964) the straight line 

calculated in the model (3) and the straight line calculated in the 

model (4) are graphically identical and both models are 

represented by one line in Figure 10. 

 

 
 

Figure 10: Four Historical Models and Age Trajectory of Total Mortality in 

P14. 

 

Discussion  
 

The relationship between mortality rate and age was the main 

finding in the present study and shapes of ATM were used for 

these evaluations. Generally, shapes come from the world of 

platonic ideas according to the Greek "theory of forms,‖ and for 

example, no physical object has, at first, the shape of a perfect 

circle. Statistically, proofing a linear relationship is not possible, 

but it may be rejected. Likewise, it is not possible to distinguish 

the two values of slope -1 and -1.000001 in the linear model. The 

value -1 is simply assumed because it may be interpreted easily. 

On the other hand, if the percentage of an explained variation is 

bigger than 0.99 or even bigger than 0.998 then such model is 

https://slovnik.seznam.cz/en-cz/?q=phenomenon
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very successful. It was observed here and the empirical 

relationships were very deterministic. Such values of coefficients 

of determination were observed for total mortality and CACNS 

mortality. 

 

The log-log scale was used for two reasons. At first, the shape 

was more visible in this scale and, secondly, residuals were not 

dependent on the explanatory variable, which was the logarithm 

of age (the basic assumptions of regression model was not 

satisfied in the standard scale). The inverse proportion model (4) 

has one parameter and the estimation of the parameter has the 

same degrees of freedom (n -1) as the standard estimation of the 

arithmetic mean, and the only parameter may be estimated using 

the formula (5). 

 

General Look at Change over a Period of Time  
 

There are two different ways to the description of change in 

time. The first possibility is to express the change regardless of 

the original value of an observed parameter. The second 

possibility is to relate the change to the original value. The two 

ways represent the background of the difference between 

intensive and extensive quantities. For example, if the weight of 

an individual is increased by 5 kg, the value of 5 kg represents 

the first possibility. If the baseline individual’s weight was 50 

kg, for instance, the second possibility is to state that the weight 

had a 10% increase. If the baseline weight was 100 kg, the 

increase was 5%. The first way was primarily chosen in 

mathematics in the definition of derivation (value of derivation 

does not depend on the original value of the function but only on 

the function’s "shape" or "behavior"). The value of the derivation 

of the function divided by the original value of the function 

represents the second way, and it is one interpretation of the 

definition (1). Regardless of the use of S(x) or L(x) in the 

equation (1), the changes are expressed in relation to the original 

values. If the formula (1) (the mathematical operator) is applied 

on ATM once more, interesting results are obtained. If it is 

applied on the standard Gompertz formula, a simple constant is 

obtained. The well-known exponential increase of mortality with 

age is valid for adults [4,18,19,21,22]. The resulting constant is 
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the slope of the linear mortality increase in the semi-logarithmic 

scale (one of the two Gompertz parameters). It is probably the 

more important parameter describing the shape of ATM (the 

dynamics of the increase in mortality of adults with age). If the 

formula (1) is applied to the inverse proportion model (4), a 

simple inverse proportion "1/x" without any parameter is 

obtained. The two curiosities may have been important to the 

interpretation of ATM in all ages and to general mechanisms 

responsible for ATM constructed for all ages. 

 

Two kinds of Time  
 

If the change in time is related to living individuals, two kinds of 

time are usually used. They may be labeled as "inner time" and 

"outer time.‖ Standard Lexis diagram applied to demography is 

one example of the use of the two kinds of time. Calendar year is 

considered outer time in Lexis diagram, while age is considered 

inner time. Usually, the two kinds of time are not distinguished 

in science. If the outer time is used, the onset of time axis usually 

has a different meaning, if compared to the use of the inner time. 

Zero has different meaning in different calendar systems, and, 

usually, the onset is not important. It may be situated to the first 

Greek Olympic games or to any other time point. If ATM are 

studied, the birth or the onset of time axis has a more important 

role, and the onset should not be arbitrarily defined. For 

example, based on these considerations, age-independence of 

ATM during the first year and within the age range [1, 20) years 

have different interpretations. If the onset of time axis has a 

crucial meaning (e.g. the birth), the "inner time" is used and 

change in time means that the change proceeds inside the 

system. For example, ATM of a given population corresponds to 

"inner time" and correspond to the change proceeds inside the 

system. On the other hand, physical trajectories of the same 

individuals correspond to "outer time" (trajectories describing 

the movement of studied people during their life) and correspond 

to the change proceeds outside the system. Such considerations 

may explain the use of the logarithmic scale for describing ATM 

because the changes corresponds to inner time. 
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Halley Method  
 

The relationship between mortality and age had a crucial 

meaning here and it was the first reason to construct ATM using 

the Halley method in P14 (impact of age may be more visible in 

shapes of the ATM) [38-40]. The second reason to use the 

method was the fact that no deaths from some diseases were 

detected in some calendar years.  

 

The assumption that some general mechanisms exist, which are 

responsible for the mortality decrease with age after birth, was 

strongly confirmed (see Animations 1-8). Regardless of TCIR, 

inverse proportion model (4) is dominant through the whole 

spectrum of diseases and it should be a hallmark of some 

biological mechanisms. Observations also supported the 

statement that ATM constructed for the large populations P1, P2, 

P3 and P14 were smoother, and the coefficients of determination 

were higher in these populations, for total mortality and for 

mortality from CACNS (Table 2 and Table 7). 

 

Generally, the determination of cause of death may differ within 

14 studied countries and it was not clear if the same case was put 

in the same subcategory of ICD10. It was assumed here that such 

uncertainty was less probable for the main chapters of ICD10 

because they were relatively extensive. Besides, it was 

empirically confirmed here that the shapes of ATM were almost 

identical in studied 14 European countries.  

 

Extinction of Individuals with More Severe 

Impairments  
 

The explanation of the steep decrease of mortality with age 

represented the second viewpoint had mentioned in the 

introduction. The assumption of TCIR that the decrease in 

mortality with age was caused by the extinction of individuals 

with more severe impairments may be indirectly supported by 

the two following results: 
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1) Total mortality rates decrease according to the inverse 

proportion model (4) and, simultaneously, the significance of 

the two chapters "Certain conditions originating in the 

perinatal period" (XVI.) and "Congenital malformations, 

deformations and chromosomal abnormalities" (XVII.) 

decrease dramatically with age in Figure 1. 

2) The CACNS category contains the following eight 

subcategories: Anencephaly and similar malformations 

(Q00); Encephalocele (Q01); Microcephaly (Q02); 

Congenital hydrocephalus (Q03); Other congenital 

malformations of the brain (Q04); Spina bifida (Q05); Other 

congenital malformations of spinal cord (Q06); Other 

congenital malformations of nervous system (Q07). ATM 

from CACNS showed higher coefficients of determination 

and the ATM decreases up higher ages. The proportions of 

specific subcategories of CACNS are shown in Table 9 in the 

appendix, and the proportions of Q00, which includes more 

severe congenital anomalies, strongly decrease with age.  

 

Extinction of individuals with more severe impairments is 

acceptable during the first year of life and it is not self-evident in 

higher ages. Unfortunately, the incidence of congenital 

anomalies among living people were usually registered only at 

the moment of birth [27,43]. The incidence of congenital 

anomalies after birth is difficult to find in scientific literature, 

and only the proportions of congenital anomalies among 

individuals who died is available. The assumption that mortality 

decrease with age is caused by the extinction of individuals with 

more severe impairments is supported by the results found for 

ATM from congenital anomalies. 

 

The main problem of explaining the ATM shapes using any 

homogenous process, which is assumed to be valid for each 

person, is acceptance of such explanation for CACNS and other 

congenital anomalies. The shapes of ATM due to CACNS and 

congenital anomalies were the same in the first years and after 

the first year of life. Besides, ATM due to CACNS was 

described by the inverse proportion model with a single 

parameter from birth up higher ages. In addition, such 

hypothetical mechanisms should be suppressed during the first 
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year and it should cause faster mortality decrease in the age 

interval [1, 10) years for diseases grouped in the category "Other 

diseases". Simultaneously, the mechanisms is in operation in the 

two chapters "Certain conditions originating in the perinatal 

period" (XVI) and "Congenital malformations, deformations and 

chromosomal abnormalities" (XVII) form birth up to higher 

ages. If homogenous process is assumed then the fact that the 

inverse proportion is valid for the group "Other diseases" within 

the age range [1, 10) years and for congenital anomalies within 

the age range [0, 10) years is a random coincidence (see 

Animations 5, 7 and 8). Consequently, hypothesis that the shapes 

of ATM were due to any development of each individual is 

difficult to accept. An alternative explanation of the observed 

results is that the shapes of ATM were caused by the extinction 

of individuals with more severe impairments. 

 

Latent Congenital Risks of Death  
 

If TCIR is correct, significant part of the deaths within the age 

interval [0, 10) years was, in fact, caused by congenital 

abnormalities (congenital risk of death), even in the cases 

registered as "Other diseases.‖ For example, if such individuals 

were affected by an infectious disease and died, the deaths may 

have been caused by congenital latent impairment. Most deaths 

until age 10 years may have been caused by these latent 

impairments, and the Figures in Table 3 provide simple 

estimations about the significance of the latent congenital 

impairments. For example, 16.4% of the deaths until the age of 

10 years were due to conditions grouped in the category "Other 

diseases,‖ and, simultaneously, ATM in this category was bent. 

According to TCIR, most cases may be caused by latent 

congenital impairment. If TCIR is correct, the shapes of ATM 

and the extinction of more sever congenital impairments may be 

consequence of the interaction between born population and 

current living conditions. 

 

Neoplasms  
 

Other results were observed for conditions of the chapter 

"Neoplasms" (II). Mortality decrease with age occurred in the 
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first year of life and was age-independent within the age range 

[1, 20) years. It may be important for the verification of any 

hypothesis that a specific type of neoplasm is only significant to 

a subpopulation with congenital predisposition (e.g. a genetically 

susceptible subpopulation). According to TCIR, such 

subpopulation should be larger than the sum of all deaths in the 

age interval [1, 20) years, since no extinction was observed. The 

sum of all deaths within the age range [1, 20) years represents 

the lower limit of the subpopulation assumed to be susceptible to 

the disease. This suggested limit is based on all ATM results and 

is very easy to be calculated. On the other hand, such number is 

only the lower limit of the hypothetical subpopulation. This 

means that if any predisposition exists then considered disease 

has to relate subpopulation large than the sum of all death in the 

whole specific population. For example, the proportion of all 

deaths due to conditions of the chapter "Neoplasms" within all 

living people in P14 was about 0.00003, which means that the 

incidence of these conditions in a hypothetical subpopulation 

should be higher than 3 per 100,000 living people. The result is 

not very significant, as it concerns the whole chapter 

"Neoplasms" and the proportion is relatively small. If very 

specific diseases of the chapter "Neoplasms" are analyzed, the 

age-independence may be empirically confirmed in the first step. 

It is not necessary to construct ATM for the age range [1, 20) 

years (no deaths may occur within a specific age range, even in 

P14). The age range [1, 20) years may be divided into two 

intervals only, and approximately age-independence may be 

tested in the two values. The number of all deaths represents 

thereafter the lower limit of the hypothetical subpopulation. 

 

Conclusions  
 

The coincidence between All-causes ATM and ATM constructed 

for congenital anomalies (or ATM constructed for CACNS) was 

confirmed in all populations. The model of inverse proportion 

was found as a general rule. The bending ATM was also 

described by the inverse proportion behind the age of one year (it 

was age independent or decreased slowly during the first year of 

life). Consequently, child mortality decrease with age may be the 

result of the sequential exclusion of individuals with more severe 
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impairments. The opposite explanation that homogenous 

development of every individual was responsible to the decrease 

was suppressed here. 

 

All results are based on the WHO mortality database41 and the 

analysis covers 369,865 deaths at the age range [0, 10) years in 

P14. The division of the first year of life into four age categories 

is crucial for these observations, and all results are based on 

published data [39]. The sums of death numbers from diseases of 

all analyzed chapters, within all populations and within all age 

categories are presented here as a supplement. Sums of living 

individuals within specific age categories and within specific 

populations are also shown in a supplement. The sums may be 

recalculated using the WHO mortality database and all ATM 

may be verified in the second step [41]. The Halley method 

enables the expansion of the data used in the present study to 

more countries in the future.38-40 Verification of TCIR for 

congenital anomalies may be performed by using any register 

containing incidence of congenital anomalies within more age 

categories. It may confirm or reject the assumption that the 

extinction of more severe cases is significant. If TCIR is valid, 

latent congenital impairments should be present among the 

deaths from conditions registered in the group "Other diseases" 

and/or from specific diseases of the group. The latent 

impairments may be detected among dead from some disease 

and simultaneously, are not among surviving the same diseases. 

Consequently, if the detection is successful, the knowledge about 

latent impairments may help to lower mortality from these 

diseases. 

 

Animations 
  
Figure animations can be accessed online at 

https://videleaf.com/wp-

content/uploads/2021/03/PAMED2ED-20-29_Animations.zip 

 

 

 

 

 

https://videleaf.com/wp-content/uploads/2021/03/PAMED2ED-20-29_Animations.zip
https://videleaf.com/wp-content/uploads/2021/03/PAMED2ED-20-29_Animations.zip
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Appendix 
Equations in TCIR 
A subpopulation is characterized by the congenital individual 

risk of death r and by the initial number of born children Lo(r). 

The subpopulation is reducing during age x and number of living 

at age x is: 

 

                                                                            (10) 

 

If continuous formalism is used, the number of all living children 

at age x is the integral of r values: 

 

     ∫          
 

 
 ∫                   

 

 
                 (11) 

 

Mortality rate in the whole population using the definition (1) is:  
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Since the empirical changes of L(x) are very small, if compared 

to the empirical changes of D(x), the denominator may be 

replaced by the number of all born children Lo. Empirically, 

L(x) varies less than 2%, while D(x) varies in the magnitude of 

more than three orders during the first 20 years. Consequently, 

the following is valid: 
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     (13), 

 

where f(r) is the density function of r at the moment of birth and 

it is defined by the following formula: 

 

     
     

  
 

     

∫         
 

 

                                                         (14) 

 

The denominator in the formula (14) corresponds to the number 

of all born people Lo. Mathematically, mortality rate in the 

whole population at age x is the Laplace transformation of the 

product r.f(r) in the equation (13). For example, if f(r) is the 
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density function of the log-normal distribution or if the rule ―the 

more severe the impairment, the less frequently it occurs in the 

born population‖ (or by the relationship f (r)   constant/r) is 

valid, the following relationship is: [24,25] 

 

     ∫               
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                (15) 

 

It has also been shown that, if f(r) is the density function of 

normal distribution with big variation, or if f(r) is approximately 

constant in an important interval, mortality rate is given by: 

[24,25]
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                                                                                                (16) 

 

What does "an important interval of r" mean? The theoretical 

range of r is from zero to infinite, but it is clear that, empirically, 

it should range between limited values (rmin, rmax). For example, 

if rmax is about 1000 and rmin is about 0.0001, and the empirical 

mortality rates is in the population within the age range [0, 20) 

years is between these values, both formula (15) and (16) are 

numerically valid (it follows also from simple numerical 

calculations). In other words, the equations (1), (14) and (15) are 

weakly affected by the majority of the population with very low 

r. Consequently, the assumptions about distribution of the r value 

are, in fact, related only to a small part of the born population 

with higher r values. For example, the assumption "the more 

severe the impairment, the less frequently it occurs in the born 

population" is, in fact, related to the subpopulation with higher r 

values (this is not true for ATM from CACNS because the age 

range may be wider and relatively smaller values of r may be 

important) [27]. In a simplified way, lower ages correspond to 

higher values of r while higher ages correspond to lower values 

of r in the formalisms. 

 

Other models of ATM after birth in literature 

The first historical model of ATM after birth was formulated by 

Thiel in 1871 [36]. He proposed simple exponential decrease of 
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mortality with age. It is concave in the log-log scale and the 

model was the first term in the following general formula 

describing all ages: 

 

                                                                  (17) 

 

The formula had tried to describe age trajectory of total mortality 

from birth up to high ages and the first element  is labeled here 

as "Exp". 

Other group of studies had tried to describe the mortality 

changes with age in the narrower age interval [1, 12) months 

[37-40]. The studies used the following formula for cumulative 

deaths q(n) up n months: 

         [       ]    for 1 month ≤n ≤ 12 months      (18) 

The model (18) may be formulated also for mortality rate (x) at 

age x using the definition (1): 
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The model (21) is labeled here as "BP". Additionally, Heligman 

and Pollard proposed a general relationship for the age all-causes 

mortality in 1980, and the following term was suggested for 

the decline after birth: [3,7] 

 

               ,  for:  0 < A < 1, 0 < B < 1, 0 < C < 1        (22) 

 

The model (22) is also concave in the log-log scale and it is 

labeled here as "HP".  
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Besides the three models, the Weibull model (WM) with two 

parameters is linear in the log-log scale, and may be used to 

describe mortality decrease with age after birth. WM has 

assumption that the absolute value of slope has to be less than 1. 

It is valid for the distribution function F(x) of ages of died people 

in WM: 

               
(   

 ⁄ )
   for a > 0 and m > 0         (23) 

Furthermore, mortality rate (x) at age x using the definition (1) 

is:  
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                                                          (24) 

Slope equals to m -1 in the log-log scale and parameter m is zero 

if the inverse proportion is valid. On the other hand, if m is equal 

or less than 0 (if slope is equal or less than -1) then F(x) does not 

increase with age x and it is not distribution function. 

Consequently, WM may not be used if m=1 or m< -1, if m > 1 

then the linear model (3) corresponds to the Weibull distribution. 
 

Table 4: P-values of two tests calculated in the chapter Neoplasms (II.). 

 

Population c/x in the first year Age-independence in (1, 10] years 

France 0.14 0.49 

Germany 0.11 0.39 

Italy 0.12 0.13 

Spain 0.01 0.33 

UK 0.04 0.76 

P1 0.07 0.46 

Czech Republic 0.04 0.22 

Austria 0.43 0.97 

Hungary 0.17 0.66 

Poland 0.07 0.26 

Slovakia 0.03 0.31 

P2 0.08 0.11 

Sweden 0.20 0.81 

Norway 0.12 0.48 

Denmark 0.19 0.21 

Finland 0.62 0.97 

P3 0.26 0.43 

P14 0.08 0.99 

 

Notes: The column labeled as "c/x in the first year" contains p-values of the 

test of the null hypothesis Ho: = -1 in the log-log scale in the age interval [0, 
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365) days. The last column contains p-values of the test of the null hypothesis 

Ho: =0 in the log-log scale in the age interval [1, 10) years. 

 
Table 5: Results calculated in the chapter "Certain conditions originating in the 

perinatal period" (XVI.) calculated in the age interval [0, 15) years in the log-

log scale. 

 
Population Test of 

linearity 
 Lower 

CI 

95% 

Upper 

CI 

95% 

2 Test of 

c/(x.x) 

France 0.109 -1.728 -2.034 -1.423 0.9495 0.074 

Germany 0.203 -1.576 -1.788 -1.364 0.9702 0.002 

Italy 0.175 -1.586 -1.807 -1.364 0.9679 0.003 

Spain 0.211 -1.558 -1.810 -1.307 0.9575 0.004 

UK 0.026 x x x x x 

P1 0.116 -1.615 -1.841 -1.390 0.9680 0.004 

Czech 

Republic 

      

Austria 0.709 -1.500 -1.715 -1.286 0.9664 0.001 

Hungary       

Poland 0.005 x x x x x 

Slovakia       

P2 0.069 -1.802 -2.132 -1.472 0.9460 0.204 

Sweden 0.217 -1.423 -1.581 -1.265 0.9794 0.000 

Norway 0.166 -1.470 -1.643 -1.298 0.9771 0.000 

Denmark 0.531 -1.460 -1.602 -1.319 0.9843 0.000 

Finland       

P3 0.150 -1.467 -1.605 -1.330 0.9852 0.000 

P14 0.100 -1.629 -1.862 -1.396 0.9663 0.006 

 
Notes: The second column labeled as "Test of linearity" contains p-values of 

the test of the null hypothesis for the quadratic element Ho:  =  in model (2) 

(all ATM except in the U.K. and Poland were linear in the log-log scale). The 

column labeled as "" contains point estimations of the slopes in model (3) and 

the next two columns contain limits of 95% confidence interval of the 

parameter . 2 is adjusted coefficient of determination calculated for two 

parameters and nine points in model (3). The last column labeled as "Test of 

c/(x.x)" contains p-values of the standard Fisher’s test that the model (3) with 

two parameters does not provide a significantly better fit than the same model 

with the slope -2 in the log-log scale (the model with the slope -2 was valid in 

France and P2). 
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Table 6: Results calculated in the chapter "Congenital malformations, 

deformations and chromosomal abnormalities" (XVII.) in the age interval [0, 

15) years in the log-log scale. 

 
Population Test of 

linearity 
 Lower 

CI 

95% 

Upper 

CI 

95% 

2 Rb
2 Rb

2- 2 Test 

of 

c/x 

France 0.170 -1.113 -1.217 -1.009 0.9854 0.9769 -0.0085 0.037 

Germany 0.211 -1.069 -1.151 -0.986 0.9901 0.9871 -0.0030 0.091 

Italy 0.112 -1.080 -1.185 -0.975 0.9842 0.9806 -0.0036 0.118 

Spain 0.082 -1.049 -1.170 -0.927 0.9777 0.9781 0.0003 0.381 

UK 0.384 -1.123 -1.208 -1.038 0.9904 0.9796 -0.0108 0.010 

P1 0.181 -1.090 -1.184 -0.997 0.9876 0.9822 -0.0054 0.057 

Czech 

Republic 

0.033 x x x x x x x 

Austria 0.946 -1.047 -1.136 -0.958 0.9878 0.9872 -0.0006 0.261 

Hungary 0.067 -1.026 -1.127 -0.925 0.9839 0.9851 0.0011 0.565 

Poland 0.101 -1.115 -1.202 -1.027 0.9897 0.9803 -0.0093 0.016 

Slovakia 0.010 x x x x x x x 

P2 0.099 -1.087 -1.173 -1.000 0.9894 0.9842 -0.0051 0.050 

Sweden 0.474 -1.092 -1.211 -0.973 0.9803 0.9754 -0.0048 0.111 

Norway 0.178 -1.063 -1.138 -0.988 0.9916 0.9890 -0.0025 0.091 

Denmark 0.048 x x x x x x x 

Finland 0.951 -1.080 -1.151 -1.009 0.9927 0.9881 -0.0046 0.032 

P3 0.323 -1.076 -1.152 -1.000 0.9917 0.9877 -0.0040 0.050 

P14 0.161 -1.088 -1.177 -0.998 0.9887 0.9835 -0.0052 0.053 

 
Notes: The column labeled as "Test of linearity" contains p-values of the test 

of the null hypothesis for the quadratic element Ho:  =  in model (2) (all ATM 

except in the Czech Republic, Slovakia and Denmark were linear in the log-log 

scale). The column labeled as "" contains point estimations of slopes in model 

(3) and the next two columns contain limits of 95% confidence interval of the 

parameter . 2 is adjusted coefficient of determination calculated for two 

parameters and nine points in the model (3). Rb
2 is coefficient of determination 

calculated in the inverse proportion (4) in the log-log scale, and it was 

calculated using formula (6). The last column labeled as "Test of c/(x)" 

contains p-values of the standard Fisher’s test that the model (3) with two 

parameters does not provide a significantly better fit than the same model with 

the slope -1 in the log-log scale (the inverse proportion (4) was valid for all 

ATM except in France, the U.K., Slovakia, Denmark and Finland). 

 

 

 

 

 

 



Prime Archives in Medicine: 2
nd

 Edition 

50                                                                                www.videleaf.com 

Table 7: Results calculated in the group CACNS in the age interval [0, 15) 

years in the log-log scale. 

 

Population Test of 

linearity 
 Lower 

CI 

95% 

Upper 

CI 

95% 

2 Rb
2 Rb

2- 2 Test 

of 

c/x 

France 0.747 -1.092 -1.180 -1.004 0.9891 0.9832 -0.0059 0.042 

Germany 0.017        

Italy 0.033        

Spain 0.648 -0.937 -1.020 -0.854 0.9869 0.9839 -0.0029 0.121 

UK 0.081 -1.051 -1.112 -0.989 0.9943 0.9926 -0.0017 0.094 

P1 0.127 -0.998 -1.062 -0.934 0.9931 0.9938 0.00077 0.949 

Czech 

Republic 

0.136 -0.883 -0.951 -0.815 0.9901 0.9739 -0.0162 0.004 

Austria 0.014        

Hungary 0.371 -0.827 -0.911 -0.744 0.9830 0.9421 -0.041 0.001 

Poland 0.041        

Slovakia 0.030        

P2 0.120 -0.943 -1.013 -0.872 0.9907 0.9880 -0.0027 0.096 

Sweden 0.342 -0.939 -1.028 -0.851 0.9852 0.9827 -0.0025 0.151 

Norway 0.190 -0.954 -1.086 -0.822 0.9686 0.9699 0.00124 0.445 

Denmark 0.152 -0.991 -1.060 -0.923 0.9920 0.9928 0.00081 0.780 

Finland 0.013        

P3 0.078 -0.949 -1.040 -0.859 0.9848 0.9837 -0.0011 0.231 

P14 0.065 -0.975 -1.035 -0.915 0.9937 0.9937 0.00004 0.360 

 
Notes: The column labeled as "Test of linearity" contains p-values of the test of 

the null hypothesis for the quadratic element Ho:  =  in model (2) (all ATM 

were linear in the log-log scale except in Germany, Italy, Austria, Poland, 

Slovakia and Finland). The column labeled as "" contains point estimations of 

slopes in model (3) and the next two columns contain limits of 95% confidence 

interval of the parameter . 2 is adjusted coefficient of determination 

calculated for two parameters and nine points in the model (3). Rb
2 is 

coefficient of determination calculated in the inverse proportion (4) in the log-

log scale, and it was calculated using formula (6). The last column labeled as 

"Test of c/(x)" contains p-values of the standard Fisher’s test that the model (3) 

with two parameters does not provide a significantly better fit than the same 

model with the slope -1 in the log-log scale (the inverse proportion (4) was 

valid for all 12 ATM except in France, the Czech republic and Hungary). 
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Table 8: Parameters of bending age trajectory of mortality calculated in the 

model (15) in P14. 

 
 Chapter ATM rmax 1 2 

I. Certain infectious and parasitic 

diseases 

yes 6.1 2.94 0.977 

II. Neoplasms yes x x x 

III. Diseases of the blood and 

blood-forming organs and 

certain disorders involving the 

immune mechanism 

yes 12.8 0.95 0.908 

IV. Endocrine, nutritional and 

metabolic diseases 

yes 20.6 2.47 0.975 

V. Mental and behavioural 

disorders 

no x  x 

VI. Diseases of the nervous system yes 5.1 5.88 0.966 

VII. Diseases of the eye and adnexa no x x x 

VIII. Diseases of the ear and mastoid 

process 

no x x x 

IX. Diseases of the circulatory 

system 

yes 17.2 2.50 0.938 

X. Diseases of the respiratory 

system 

yes 4.5 3.29 0.917 

XI. Diseases of the digestive 

system 

yes 14.5 1.00 0.939 

XII. Diseases of the skin and 

subcutaneous tissue 

no x x x 

XIII. Diseases of the musculoskeletal 

system and connective tissue 

no x x x 

XIV. Diseases of the genitourinary 

system 

yes 17.0 0.23 0.963 

XV. Pregnancy, childbirth and the 

puerperium 

no x x x 

XVI. Certain conditions originating 

in the perinatal period 

yes x x x 

XVII. Congenital malformations, 

deformations and chromosomal 

abnormalities 

yes x x x 

XVIII. Symptoms, signs and abnormal 

clinical and laboratory 

findings, not elsewhere 

classified 

yes 563.1 3.19 0.935 

XIX.-

XXI. 

Accidents yes x x x 

 "Other diseases" yes 9.6 19.61 0.968 

 
Notes: The category labeled as "Other diseases" contains the chapters: I.,III.-

XV. (without Neoplasms (II.)). The column labeled as "ATM" indicates if ATM 
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was obtained. The columns labeled as "rmax" and "1" contain point estimations 

of the two parameters calculated using model (8). 2 is adjusted coefficient of 

determination calculated for two parameters and nine points in the model (8). 

 
Table 9: Proportions of subcategories of CACNS in age categories. 
 

Age Q00 Q01 Q02 Q03 Q04 Q05 Q06 Q07 

1d 42.7 6.7 1.9 13.9 18.6 13.1 0.1 2.9 

1-7d 23.2 6.7 3.0 17.6 32.7 13.8 0.5 2.5 

7-28d 5.6 4.2 3.1 24.4 45.6 11.1 1.4 4.6 

28-365d 2.0 2.6 6.6 25.1 48.8 6.3 1.8 6.8 

1 -2 years 1.4 2.0 11.9 27.0 44.9 5.2 0.3 7.4 

2 -3 years 0.9 1.8 12.6 30.3 43.0 5.4 0.4 5.6 

3 - 4 years 0.6 1.6 14.2 26.5 43.8 4.7 0.6 7.9 

4 -5 years 0.8 1.6 11.5 29.9 43.4 6.6 0.0 6.1 

5 -10 years 0.9 2.0 13.3 28.0 43.6 4.8 0.7 6.7 

10 -15 years 0.6 2.5 13.9 25.0 41.4 7.6 0.8 8.1 

15-20 years 0.6 1.5 15.2 22.3 38.0 13.4 0.4 8.7 

20 -25 years 0.2 1.4 14.3 20.9 33.9 19.2 0.9 9.3 

25 -30 years 0.4 1.3 13.0 22.5 28.4 26.1 0.4 7.9 

30 -35 years 0.4 1.1 12.2 14.5 28.4 34.3 0.8 8.3 

35 -40 years 0.0 0.9 9.3 18.2 27.1 38.0 0.5 6.1 

40 - 45 years 0.0 0.8 4.7 15.9 29.9 39.6 0.4 8.7 

45 - 50 years 0.2 1.1 7.0 17.5 29.8 33.3 1.1 10.1 

50 -55 years 0.3 1.6 5.2 18.8 27.7 29.5 0.3 16.7 

55 -60 years 0.0 0.3 3.7 23.5 35.8 22.5 0.9 13.3 

60 - 65 years 0.3 0.7 4.6 29.0 33.7 13.5 2.0 16.2 

65 -70 years 0.0 1.1 5.1 24.9 32.1 16.6 1.4 18.8 

70 -75 years 1.3 0.9 3.0 21.0 35.2 17.6 3.4 17.6 

75 -80 years 0.0 3.8 1.1 26.1 33.7 10.9 1.6 22.8 

80 - 85 years 0.0 3.4 2.5 18.5 38.7 15.1 5.0 16.8 

 
Notes: 100% in each row represent all deaths from all subcategories of 

CACNS in specific age category. The subcategories are: Q00="Anencephaly 

and similar malformations"; Q01="Encephalocele"; Q02="Microcephaly"; 

Q03="Congenital hydrocephalus"; Q04="Other congenital malformations of 

the brain"; Q05="Spina bifida"; Q06="Other congenital malformations of 

spinal cord"; Q07="Other congenital malformations of nervous system". 
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