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ABSTRACT

Introduction. SARS-CoV-2 pandemic spread around the world exponentially. People use disinfectants exces-
sively as a form of protection from the novel coronavirus, which may result in contact eczema. This, in turn,
may be monitored by the local health authorities. Our study explores the internet in order to detect signifi-
cant changes in online information search behaviors associated with eczema in Iraq during the pandemic.
Material and Methods. We searched the internet, via Google Trends, using five search terms; "oy 5<I", "Lay )<Y,
"all Lay K17, "J 5aS", and " yedas"; these are the Arabic translation for "eczema”, "the eczema”, "hand eczema”,
"alcohol”, and "disinfectant”. We explored the temporal mapping covering two years, before and during the
pandemic, using frequentist statistics, polynomial models, and neural networks to evaluate the time series
which reflects web users’ information-seeking behavior with regard to these terms.

Results. Spatial mapping conveyed data from six Iraq governorates, including Ninawa, Babil, Al-Najaf, Bagh-
dad, Basrah, and Erbil. Basrah governorate had the highest score (interest) for the search term "the ecze-
ma" (Lu 3XY), while Al-Najaf had the highest score regarding the search term "disinfectant” (,gls). Tempo-
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ral mapping exhibited high variability, the highest of which was for the "the eczema" (Lw }SYI) and "alcohol”
(Js=S). Exploring the time series using polynomial models demonstrated a weak power over the two years.
However, in the course of the pandemic year, all models possessed moderate power.

Conclusions. Changes in the human behavior during pandemic events are of prime importance for the phar-
macovigilance experts. Pandemics may affect medical conditions, including hand eczema, as a manifesta-
tion of disinfectants overuse. Combining statistics and artificial intelligence facilitates screening, detecting,

and collecting pharmacovigilance safety data.

Introduction

Pharmacovigilance comprises the science and
activities of detecting, assessing, understand-
ing, and preventing adverse effects of drugs or
drug-related problems [1]. Since its global expan-
sion in the 1960s, following the thalidomide trag-
edy and for many drug safety interventions, such
as drug withdrawals, labeling changes, and pre-
scription restrictions, the aforementioned branch
of science shows an exponential progression and
importance in health programs. This, in turn, has
led, over the last decade, to a fast evolution of
regulation with more requirements from health
authorities [2, 3]. In fact, the advancement of the
internet, social media, and digital health data
contributed to an additional increase of safety
and effectiveness data, and have been acceler-
ated by the current global pandemic due to the
novel coronavirus 2019 (2019-nCoV). Addition-
ally, the collection, detection, and assessment of
the increasing safety data can be facilitated using
artificial intelligence.

Since the initial reports of the Wuhan outbreak,
the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) pandemic has been spread-
ing around the world at an alarmingly exponential
rate [4, 5]. As of 25 February 2022, the confirmed
infections exceeded 432,505,813 worldwide and
2,299,767 in Iraq [4]. Complications related to the
illness claimed the lives of over 5,950,376 globally
and 24,948 in Iraq [4]. Furthermore, SARS-CoV-2
affected nations from developed and develop-
ing countries; the most affected to date in total
(cumulative) cases included the United States,
India, Brazil, France, United Kingdom, Russia,
Germany, Turkey, Italy, and Spain [4]. As a top pri-
ority for the global health agenda, scientists suc-
cessfully developed several effective vaccines,
including Pfizer-BioNTech (BNT162b2), Moderna
(MRNA-1273), and AstraZeneca (AZD1222) [6-8].
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However, novel mutant strains of the coronavi-
rus disease 2019 (COVID-19) emerged, including
those discovered in the United Kingdom (a vari-
ant), the delta variant () in India, and the most
recent omicron (0) variant in South Africa [9].
Until the vaccination campaign is extended to
the entire world population and novel variants of
the virus stopped to emerge — which is unlikely
— the first preventive measures, such as social
distancing, personal protective equipment, and
hand disinfection must be maintained. In fact,
new variants may persistently emerge and evade
vaccine-induced immunity and the proclaimed
natural "herd immunity".

People worldwide have been using disinfec-
tants, including alcohol, as a form of protection
from the novel coronavirus. Eczema (dermatitis),
specifically contact eczema of the hand, are der-
matological conditions that can manifest due to
the overzealous use of those chemicals; none-
theless, Minamoto et al. (2016) carefully cited
that chemical additives — such as sodium lau-
reth sulfate (SLES) — may account for inducing
an eczematous skin reaction, rather than alco-
hol itself [10]. Eczema may manifest as an acute
or chronic condition, which mandates medical
treatment to prevent subsequent complications,
including those affecting the manual skills, which
in turn may drastically impair the quality of life,
particularly in the elderly [11]. We refer to every-
day activities where we use our hands to manipu-
late physical objects, write, draw, and many other
functions. The hand represents the prehensile, or
grasping "organ”, of human beings and primates.
Therefore, the conditions affecting the musculo-
skeletal or motor anatomical units of the hand, its
skin, or the haptic sensory feedback mechanisms
may handicap, or reduce the functional capacity
of the hand and its derived manual skills.

Our study aims to explore the internet by
searching for adverse events (AE) terms related



to eczema, dermatitis, and disinfectants, in order
to investigate the specific spatial-temporal pat-
terns before and during the pandemic. Our pri-
mary objective is to detect significant changes
in web search queries connected with eczema in
Iraq that may relate to the overzealous use of dis-
infectants during the pandemic. We believe that
the current study is essential for health officials
at the Iraqi Ministry of Health and local pharma-
covigilance authority. Using frequentist inference
and artificial intelligence methods, our study may
provide novel insights on the importance of the
digital knowledge and safety data available via
the world wide web to predict future trends dur-
ing the pandemic, parallel phenomena, as well as
safety surveillance of the pharmaceutical prod-
ucts [12-15].

Material and Methods

We searched the internet, via Google Trends,
using five search terms: "L XV, "Ly &Y,
"l Ly SI", "JsaS", and " jehas" [16]. These terms
are the Arabic language translation for "ecze-
ma", "the eczema", "hand eczema", "alcohol”,
and "disinfectant”. We explored the web in the
span of two years, one year before and one year
during the pandemic, from 17" November 2018
to 17" November 2020, in order to compare the
pre-pandemic versus the pandemic year (era)
in connection with our study objectives. The
date 17" November 2019 marks the emergence
of SARS-CoV-2 in Wuhan in China [4, 5]. The
authors know that the term "alcohol” is not lim-
ited to alcohol used for medicinal purposes and
disinfection, and thus can also refer to alcoholic
drinks and beverages. However, from the cultural
standpoint, Iragis do not refer to the latter cate-
gory as "alcohol”. Instead, they would rather refer
to brand names, commercial, and public names
from their native language.

We deployed the Shapiro-Wilk test to evaluate
the normality distribution. Spearman’s rank-order
correlation was used to test potential significant
correlations among search terms (web queries).
The independent samples Mann-Whitney U test
(nonparametric testing) compared the pre-pan-
demic versus the pandemic year. Polynomial
modeling for each search term was conveyed
to anticipate if the model properly fits the time

series, representing web users' online informa-
tion search behavior concerning the five terms of
interest. A calculated probability of less than 0.05
(p-value < 0.05) was considered the cut-off mar-
gin for statistical significance. We processed the
raw data with Microsoft Excel 2016 with Analysis
ToolPak add-in, and we conducted data analytics
and machine learning with IBM Statistical Pack-
age for the Social Sciences (SPSS) version 26.

We implemented the supervised machine
learning using multilayer perceptron (MLP) neural
networks based on the scaled conjugate gradient
optimization algorithm and a default SPSS allo-
cation of the training set and testing set at 70%
and 30%, respectively. The MLP procedure uses
a feedforward architecture — data only moves
from input nodes through the hidden layer of
nodes to output nodes — to produce a model for
dependent (outcome) variables based on the val-
ues of one or more independent variables (pre-
dictors). The feedforward neural network repre-
sents a prototypical form of artificial neural net-
works (ANN). MLP generates synaptic weights
and independent variables importance analysis.
As opposed to the descendant and recurrent neu-
ral networks, in feedforward ANN connections
between the nodes do not form a cycle.

Concerning the raw data, there were enough
data points for each variable to train the neu-
ral network without overfitting. When consid-
ering the holistic period, there were 105 entries
(data points) and 52 versus 53 data points for the
pre-pandemic versus the pandemic period. None-
theless, overfitting may also occur, as we consid-
er the case of Iraq, not an aggregate of countries.
The temporal resolution was one week at a time
(weekly intervals); exploring Google Trends on
a year-by-year basis provided the weekly-based
temporal intervals.

The research did not mandate ethical approv-
al, since we worked on open data publicly avail-
able on the internet via the Google Trends engine,
and the study involves no patients.

Results

Geographic (spatial) mapping, based on the anal-
ysis of the raw data retrieved from Google Trends
website revealed forty countries with interest in
the topic of the AE term "eczema” (L XI), the top
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twenty of which included France, Malaysia, Sin-
gapore, Pakistan, Switzerland, Nigeria, Italy, Viet-
nam, Brazil, Saudi Arabia, New Zealand, United
Kingdom, Kenya, Canada, Philippines, Hong Kong,
Bangladesh, Australia, United Arab Emirates, and
Ireland. Only three countries from the Arab world
contributed to the spatial map, involving Saudi
Arabia, United Arab Emirates, and Egypt. The top
ten countries of highest interest in disinfectants
comprised Brazil, Japan, Indonesia, ltaly, Saudi
Arabia, Egypt, Germany, Bangladesh, Switzerland,
and Hong Kong. Iraq's spatial mapping conveyed
data from six governorates, including Ninawa,
Babil, Al-Najaf, Baghdad, Basrah, and Erbil. In
contrast, data connected with the search term
"Ml Ly K)” (hand eczema) were completely absent
due to the inherent limitations of Google Trends
itself. Basrah governorate had the highest score
(interest) for the search term "Ly XYI" (the ecze-
ma), while Al-Najaf had the highest score for the
search term " L' (disinfectant).

On the other hand, temporal mapping (Figure
1) exhibited high variability, the highest of which
was for the search terms "Ly XYI" (the eczema)
(mean = 17.67 +/- standard error of mean = 1.773)
and "Js<" (alcohol) (15.58 +/- 1.655), while
the lowest of which was for the search terms
"Ly SI" (eczema) (1212 +/- 1.211), " jdas" (dis-

120,00
100,00

80.00

60.00

infectant) (8.49 +/- 1.141), and "wll Ly X)" (hand
eczema) (1.47 +/- 0.437). We deployed polynomi-
al modeling to explore the temporal variabilities
within the time series for each search term (Table
1); we interpreted the strength of the correlation
between time (x-axis, predictor variable), as well
as the online information search behavior (y-ax-
is, dependent variable) per the correlation coeffi-
cient. For the holistic period (two years), all mod-
els had a weak power with an exception for the
model describing the temporal mapping of the
search term "J <" (alcohol) (R* score = 0.164;
Correlation Coefficient = 0.406). Similarly, during
the pre-pandemic year, all search terms present-
ed models of weak power except for the search
term "Ly XYI" (the eczema) (R* score = 0.109; Cor-
relation Coefficient = 0.330). However, during the
pandemic year, the models for each search term
showed a moderate power (Table 1).

Using the Shapiro-Wilk test, none of the search
terms had a normal distribution (p-value < 0.001),
and the statistical outliers existed during Febru-
ary 2019, May and June 2019, August and Sep-
tember 2019, November 2019, February to June
2020, and August to October 2020. The highest
number of statistical outliers was for the search
term "ull Ly 1" (hand eczema), and these were
mainly clustered in the pandemic during April

ey 8 = lay Y1
*x = time, y = interest over the surface web.

ll Les S0

«+ Pre-Pandemic (17" November 2018 to 17" November 2019), and pandemic (17" November 2019 to 17" November 2020).

Figure 1. Temporal Mapping of the Online Information Search Behaviour
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Table 1. Polynomial Models

Era Parameter Order of Polynomial ~ R?Score  Correlation  Correlation Coefficient
Function Coefficient Strength
Pre-Pandemic & PR 6" 0.164 0.406 Moderate
Pandemic (alcohol)
Loy S 6" 0.058 0.241 Weak
(eczema)
2l Loy 58 6" 0.049 0.221 Weak
(hand eczema)
6" 0.040 0.199 Weak
(disinfectant)
Lo S 6" 0.039 0.198 Weak
(the eczema)
Pre-Pandemic Lo <Y 6" 0.109 0.330 Moderate
(the eczema)
Lay S 6" 0.072 0.296 Weak
(eczema)
6" 0.080 0.283 Weak
(disinfectant)
JdssS 6" 0.056 0.236 Weak
(alcohol)
Al Ly 580 6" 0.052 0.229 Weak
(hand eczema)
Pandemic Jsas 6" 0.258 0.508 Moderate
(alcohol)
6" 0.234 0.484 Moderate
(disinfectant)
Loy XY 6" 0.176 0.420 Moderate
(the eczema)
Ly S) 6" 0.1405 0.375 Moderate
(eczema)
2 Ly S 6" 0.123 0.351 Moderate

(hand eczema)

*x = time, y = interest over the surface web.

«+ Pre-Pandemic (17" November 2018 to 17" November 2019), and pandemic (17" November 2019 to 17" November 2020).

2020, June 2020, August 2020, and October 2020.
For the holistic period, bivariate correlations con-
firmed the existence of a statistically significant
correlation for "Ly XY1" (the eczema) versus " jelas"
(disinfectant) (Spearman's rho Correlation Coef-
fecient = 0.221, p-value = 0.024) and "Ly X" (the
eczema) versus "J <" (alcohol) (-0.268, 0.006).
Nonetheless, each of these two correlations had
a weak effect size. During the pre-pandemic peri-
od, there was only one significant correlation,
although also of weak effect size, for the search
term "Lu SI" (eczema) versus "all Ly SI" (hand
eczema) (Spearman's rho Correlation Coeffe-
cient = 0.291, p-value = 0.037). For the pandemic
period, there was a statistically significant cor-
relation for "Ly XYI" (the eczema) versus " jelas"
(disinfectant) (Spearman'’s rho Correlation Coef-
fecient = 0.359, p-value = 0.008) and "Ly XYI" (the

eczema) versus "J <" (alcohol) (-0.271, 0.049),
of moderate and weak effect size, respectively
(Table 2). Furthermore, nonparametric testing via
the Mann-Whitney U test for the pre-pandem-
ic versus the pandemic year detected a signifi-
cant difference for one search term only, "] sa<"
(alcohol), which is in favor of the pandemic year
(p-value = 0.036) (Table 3 and Figure 2).
Considering the previous statistical inference
and the existing evidence within the dermatol-
ogy literature [17, 18], it is plausible that a caus-
al relationship exists; the pandemic event might
have affected web users with regard to search-
ing for those five specific search terms. We are
assuming that web queries using the two search
terms "Js<" (alcohol) and " " (disinfect-
ant), represent or reflect the independent vari-
ables (predictors). In comparison, the remain-
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ing three terms that are related to AE terms con- ing model (Table 4), via neural networks for the

cerning eczema and hand eczema represent the holistic period, for which, the predictors' impor-
dependent variables (outcomes). Accordingly, tance analysis conveyed higher importance for
we conducted a supervised machine learn- "Js=S" (alcohol) (importance = 0.569, normalized

Table 2. Nonparametric Bivariate Correlations: Pandemic Era

Loy S Loy SYI Al Loy S Jsas ke
(eczema)  (the eczema) (hand eczema) (alcohol)  (disinfectant)
1&gl Correlation Coefficient 1.000 -.046 .030 198 -.016
(eczema) Sig. (2-tailed) . 744 831 155 907
N 53 53 53 53 53
(BN Correlation Coefficient -.046 1.000 -.026 =271 .359”
(the eczema) Sig. (2-tailed) 744 . 853 049 008
N 53 53 53 53 53
Il ygal 1desa Correlation Coefficient .030 -.026 1.000 .031 .012
(hand eczema) Sig. (2-tailed) 831 853 . 823 931
N 53 53 53 53 53
dzsd Correlation Coefficient 198 =271 .031 1.000 162
(alcohol) Sig. (2-tailed) 155 049 823 . 245
N 53 53 53 53 53
pke) Correlation Coefficient -.016 .359™ .012 162 1.000
(disinfectant) Sig. (2-tailed) 907 .008 931 245 .
N 53 53 53 53 53

* Correlation is significant at the 0.05 level (2-tailed).
*+ Correlation is significant at the 0.01 level (2-tailed).

Table 3. Hypothesis Test Summary: Pre-Pandemic vs. Pandemic

Hypothesis Test Summary

Null Hypothesis Test Sig. Decision
Independent- _
The distribution of Ls €1 is the same  Samples Retain the
1 ' E g Mann- 272 null
across categories of Time. Whitney U hypothesis.
Test
Independent- _
The distribution of La &3 is the Samp_les Retain the
2 ' f : Mann A77 null
same across categories of Time. Whitney U hypothesis
Test
Independent- _
The distribution of 24 La €1 s the Samples Retain the
3 . A : Mann- 818 null
same across categories of Time. Whitney U hypothesis
Test
Independent- _
The distribution of ds=% is the same Samples F!eHect the
1 . i ) Mann- 036 null
across categories of Time. Whitney U hypothesis.
Test
Independent- _
The distribution of s¢ks is the same Samples Retain the
5 - 3 : Mann- 943 null
across categories of Time. Whitnay U hypothesis
Test

Asymptotic significances are displayed. The significance level is .05

* Pre-Pandemic: 17" November 2018 to 17" November 2019 and Pandemic: 17" November 2019 to 17" November 2020
*+ Loy 3SI (eczema), Loy 3SYI (the eczema), aill Loy S (hand eczema), J sa< (alcohol), ¢las (disinfectant)
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importance = 100.0%) than " k" (disinfectant) normalized importance = 100.0%) and " gl
(0.431, 75.7%). In terms of the pre-pandemic year, (disinfectant) (0.477, 91%). As for the pandem-
the neural networks validated somewhat similar ic year, the independent variables’' importance
results for "Js<" (alcohol) (importance = 0.523, also assigned a weight that is higher for "] <"

Independent-Samples Mann-Whitney U Test

Time
Pandemic Pre-Pandemic
150 10
N=53 N=52
Mean Rank=59.02 Mean Rank= 46 .87
100 H00
E:l" 20 a0 i_
0 0
T T
250 200
Frequency Frequency
Total N 105
Mann-Whitney U 1,069.000
Wilcoxon W 2,437.000
Test Statistic 1,059.000
Standard Error 151.894
Standardized Test Statistic -2.100
Asymptotic Sig. 2 sided test) 038

* Pre-Pandemic: 17" November 2018 to 17" November 2019
«+ Pandemic: 17" November 2019 to 17" November 2020

Figure 2. Hypothesis Testing: Pre-Pandemic vs. Pandemic for Search Term " sa<" (alcohol)

Table 4. Supervised Machine Learning: Model Summary

Training  Sum of Squares Error 106.648
Average Overall Relative Error 1.001
Relative Error for Scale Dependents L, <) (eczema) 994
Loy XY (the eczema) .993
Al Ly ) (hand eczema) 1.017
Stopping Rule Used One consecutive

step(s) with no
decrease in error *

Training Time 0:00:00.03
Testing  Sum of Squares Error 47.896
Average Overall Relative Error 981
Relative Error for Scale Dependents Ly, 35) (eczema) 969
Loy XY (the eczema) 1.004
2l Ly <1 (hand eczema) 947

a - Error computations are based on the testing sample
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(alcohol) (importance = 0.547, normalized impor-
tance = 100.0%) compared to " k" (disinfectant)
(0.453, 82.9%).

Discussion

The temporal mapping provided much data con-
cerning our study objectives. Furthermore, we
could map the temporal variations connected
with the search terms with a higher temporal
resolution, using polynomial models, during the
pandemic. Bivariate correlations existed before
and during the pandemic; however, the corre-
lations were radically different. Contrary to our
pre-study anticipation, AE search terms related
to eczema and hand eczema did not significantly
differ before and during the pandemic. Neverthe-
less, the web users searched significantly more
for the term " sa<" (alcohol) during the pandem-
ic. Thus, these results may indicate a significant
increase in alcohol use for disinfection, although
not a significant increase in eczema and hand
eczema cases in Iraq during the pandemic. ANN
analytics verified potential causality between the
terms related to disinfectants as well as those
related to the AE terms of eczema.

Statistical analyses for the pandemic period
confirmed that there was a statistically signifi-
cant correlation for "L, XY1" (the eczema) versus
" xha" (disinfectant) (Spearman's rho Correlation
Coeffecient = 0.359, p-value = 0.008). Addition-
ally, a significant increase was observed in the
search volume for alcohol during the pandemic
compared to the pre-pandemic. Furthermore,
each of the polynomial models became strong-
er (moderate strength) when compared to the
pre-pandemic, in which most of the models (4/5,
80%) had a weak strength (Table 1). According-
ly, the COVID-19 pandemic might have induced
a change in human behavior, including online
information search behavior reflected as the web
search volume on the Google Trends website. Our
study does not provide much concerning positive
findings; besides, the calculated effect size was
weak most of the time. Nonetheless, the effect
size can vary from one country to another, bear-
ing in mind the population size and other demo-
graphic parameters. Our research represents
a piece of supporting evidence which may com-
plement and guide future studies worldwide.
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Machine learning is a subfield of computer
science which learns patterns from data without
providing explicit programming instructions to
create algorithms intended to perform a specific
task [12]. As a modality of narrow artificial intelli-
gence (nAl), machine learning represents a pow-
erful tool for researchers which can substantially
reduce the considerable burden on the health-
care system and the economy during the pan-
demic [19]. Non-clinical research methods, such
as machine learning, data mining, deep learning,
and other nAl modalities may also facilitate the
diagnosis and prognosis for SARS-CoV-2 pan-
demic patients. Few other studies discussed the
condition of hand eczema during the COVID-19
pandemic, including Singh et al. (2020) and Bil-
charz et al. (2020). In fact,they demonstarted that
overzealous use of sanitizers and frequent hand
washing might cause hand eczema due to a dis-
rupted skin barrier. Additionally,they also report-
ed an increasein the incidence of new-onset hand
eczema within the general population due to the
overzealous hand hygiene [17, 18]. In parallel with
the previously mentioned studies, we emphasize
the integration of ML and nAl with classical (fre-
quentist) statistics for studying the digital epide-
miology and the spatio-temporal analysis of the
pandemic and collateral phenomena [20-24].

The rationale forimplementing machine learn-
ing relies on five elements: (1) Collateral — sup-
porting — evidence based on machine learning
algorithms. (2) An alternative method to classi-
cal data analytics. (3) Reconciliation of frequen-
tist inference with neural networks models. (4)
A form of convergent thinking, dealing with digital
epidemiological research questions from alter-
native perspectives. (5) A supporting method for
future research in pharmacovigilance, pharma-
cotherapy, dermatological sciences, and digital
epidemiology.

One of the study limitations is that the pan-
demic could have limited access to the healthcare
institutions to some extent, and this would con-
sequently result in the need to search for alterna-
tive solutions to health problems and diseases via
the internet. Nonetheless, in Iraq, the healthcare
system — as in all developing countries — is dif-
ferent and much inferior to that of the developed
world, including Poland and the European Union.
Another limitation was the inability to differenti-
ate whether the search for alcohol was related



to medicinal alcohol, or to alcoholic beverages;
hence, some false-positive results are possi-
ble. However, we believe that alcoholic drinkers
in Iraq might search for alternate terms, such as
"5 " (beer) and "&l =" (gin), rather than the term
"Jsa<" (alcohol) per se. Moreover, another limita-
tion is the absence of Arabic combined terminol-
ogy for the search term "l W XI" (hand eczema),
which also reflects the built-in limitations of the
Google Trends website itself. We are aware that
our study may only be considered as the sup-
porting (collateral) evidence due to the nature of
the study design, intrinsic (inherent) limitations
of the Google Trends website, and the potential-
ly non-specific mapping terms used to explore
the spatiotemporal mapping of data from Google
Trends. Therefore, subsequent robust pre-clinical
and clinical research is mandatory to confirm our
hypotheses and observations. Additionally, Goog-
le Trends also possesses inherent limitations
and restrictions; for instance, the search results
available through Google Trends are anonymous
and only reflect individuals with internet access,
potentially excluding specific groups of interest,
for example, the elderly, terminally ill patients, the
disabled, and underprivileged groups who lack
access to the internet in low- and middle-income
countries [25]. Furthermore, Google Trends only
conveys relative numbers — a relative interest at
apercentile scale — and there is no official way yet
to access real absolute numbers. Google Trends
also derive data from web users utilizing Google
search engine only; therefore, web queries based
on other search engines, including DuckDuckGo,
Ecosia, Dogpile, WolframAlpha, Gigablast, Start-
page, and Qwant, will not be mapped.

Our research has other limitations inherent to
the observational study design, including a lower
level of evidence than the experimental or qua-
si-experimental studies, hence it is prone to bias-
es and confounding variables, and the reduced
capacity to infer causality. Additionally, web users
may avoid being tracked while surfing the web.
Internet users can rely on internet protocol (IP)
masking, virtual private networks (VPN), VPN
applications, or utilizing web browsers and engines
dedicated to anonymous internet use, includ-
ing Tor browser and DuckDuckGo search engine
[26]. Furthermore, web users in certain countries,
such as the People’s Republic of China (PRC), are
obliged to use alternative national search engines

due to the governmental policies and regulations;
for instance, Baidu is the dominant internet search
engine company in the PRC [27].

The findings can be summarized into 1) COV-
ID-19 pandemic has impacted the manner in
which disinfectants are used, which might result
in adverse events, such as eczema and dermatitis
due to disinfectants overuse, or because of chem-
ical additives in alcohol. 2) Due to the pandemic,
online information-seeking behavior has become
more evident and manifested as Google Trends'
search volume, which is one way to understand
the magnitude of the problem. 3) Using artificial
intelligence may facilitate the screening, detect-
ing, and collecting safety data, extending to other
health products.

During the pandemic, changes in human
behavior, including online information search
behavior, are of prime importance, not only to
sociologists and psychologists, but also to phy-
sicians, epidemiologists, and pharmacovigilance
specialists. Therefore, four key messages can be
highlighted: 1) Pandemics, as rare events, might
affect medical conditions which indirectly relate
to the event itself, as in the case of hand eczema
as a manifestation of disinfectants overuse. 2)
Dermatologists can collaborate with data scien-
tists to realize the applicability of big data for evi-
dence-based pharmacovigilance. 3) Digital data
are worthy of exploration from epidemiological
and pharmacovigilance perspectives to guide the
subsequent research of the higher level-of-evi-
dence hierarchy, including randomized controlled
trials and meta-analytic studies. 4) Our research
methodology and results can be regarded as sup-
porting evidence for the subsequent aggregate
studies worldwide.
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ABSTRACT

Aim. The aim of this study was to evaluate the effects of preoperative administration of tizanidine on the
maintenance dose duration of the nondepolarizing muscle relaxant, i.e. vecuronium bromide.

Material and Methods. This prospective clinical study was conducted in 30 adult male patients scheduled
for elective inguinal hernia surgery. Patients were categorised into two randomised groups based on the
premedication use. Group 1 included patients (n = 15) who received oral diazepam (Diazem) in the evening
prior to the surgery, as well as meperidine (Dolantin) 1 mg/kg” (max. 50 mg) i.m. with 50 ml water by mouth
1 hour before the procedure. Group 2 comprised patients (n = 15) who were given oral tizanidine 4 mg in the
evening before the surgery, as well as oral tizanidine 4 mg with 50 ml water 1 hour prior to the operation. The
following parameters were recorded in both groups: pre-operative and perioperative diastolic arterial blood
pressure, systolic arterial blood pressure, mean arterial blood pressure, heart rate, respiratory rate, pre-op-
erative vecuronium bromide maintenance doses, procedure time and postoperative score according to the
Ramsay scale in 1, 2™ and 3" hour.

Results. No significant difference was observed between the two groups with regard to the pre-operative and
perioperative haemodynamic variables and the respiratory rate (P > 0.05), although it was found that vecuro-
nium maintenance dose duration was significantly higher in the tizanidine premedicated group (P = 0.015). In
addition, the operative time (P = 0.128) and the postoperative patients' Ramsay scores did not differ statisti-
cally between the two groups (P > 0.05).

Conclusions. The prolonged duration of vecuronium maintenance dose, the increased nondepolarizing block
time, as well as haemodynamic stability preservation in patients undergoing inguinal hernia surgery follow-
ing preoperative oral administration of tizanidine support the view that tizanidine can be used as an effective
and safe myotonolytic premedication agent.

Introduction

tonolytic clonidine. It is characterized by short
Tizanidine, an imidazoline, is also an a, receptor duration of action, little effect on heart rate and
agonist mainly derived from centrally acting myo- blood pressure, as well as antinociceptive and
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anticonvulsant effects [1]. Oral administration of
tizanidine is quickly absorbed. It reaches its max-
imum plasma concentration in 0.75 to 2 hours.
Since its elimination half-life is 2.1 to 4.2 hours,
it may be applicable even in the day care sur-
gery [2, 3]. The use of a,-adrenergic agonists for
the treatment of muscle spasticity is well known
[4—6]. Tizanidine is a short-acting and potent
agent which effectively reduces spasticity caused
by multiple sclerosis, acquired brain injury or spi-
nal cord injury [7, 8]. The most frequently report-
ed adverse effects include dryness of the mouth,
drowsiness, dizziness and fatigue, although it is
generally a well tolerated agent. It has been shown
that tizanidine has a similar clinical efficacy as
baclofen and diazepam [9, 10]. Additionally, few-
er treatment interruptions due to adverse events
were also observed [11]. Tizanidine, which shows
muscle relaxant, sedative and anxiolytic proper-
ties, is also used in the treatment of musculoskel-
etal pain [6]. Howerver, the role of tizanidine in the
treatment of postoperative pain was investigated
[12]. The use of tizanidine was supported in pain
management studies, which inluded myofascial
pain, neuropathic pain, chronic daily headache
and low back pain [13-17]. Furthermore, tiza-
nidine demonstrated fewer cardiovascular side
effects, thus, making it an appealing drug to be
used in anaesthesia [18]. There are several stud-
ies assessing the role of tizanidine as an effective
anaesthetic premedication. In fact, oral premedi-
cation with tizanidine alleviates the hypertensive
response during laryngoscopy, as well as reduces
the induction dose of midazolam, the maintenance
dose of propofol, and the minimum alveolar con-
centration of sevoflurane. Additionally, it prolongs
spinal anaesthesia and reduces isoflurane con-
sumption [1, 19-22]. Although tizanidine, which
proved effective in spastic patients, was reported
as a premedication in various studies, the find-
ings with regard to its use with nondepolarizing
drugs are scarce. Therefore, this study aimed to
assess the effect of tizanidine premedication on
the maintenance dose of vecuronium bromide,
which is a neuromuscular blocking agent.

Material and Methods

30 male patients who were eligible for elective
inguinal hernia surgery under general anaes-
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thesia were included in this study. Patients were
aged between 18-60 years and were assessed
according to the American Society of Anesthesi-
ologists Classification (ASA) 1, 2 and 3. Individu-
als with uncontrolled diabetes or hypertension,
a history of cardiorespiratory, renal, endocrine,
hepatic, neurological and psychiatric disorders,
and those exposed to a, adrenergic agonists in
the preceding two weeks were excluded from the
study. Prior to the surgery, the patients were pro-
vided with a complete description of the study,
and subsequently, an informed consent was
obtained from each participant. Taksim Research
and Training Hospital Local Ethical Committee
approved the presented study.

Following the pre-anaesthetic examination,
an 8-hour fast was recommended before the sur-
gery. All patients were evaluated the night before
the planned operation, and a full physical exami-
nation was performed. After brief information was
given to the patients about the surgery, they were
informed about the drugs used before the surgery,
the anaesthesia method applied in the operating
room and the TOF-Guard device (Biometer, Den-
mark). Patients were then divided into two ran-
domised groups on the basis of the premedica-
tion use. Group 1 comprised patients (n = 15) who
had received oral diazepam (Diazem) the evening
before the operation and meperidine (Dolantin) 1
mg/kg” (max 50 mg) i.m. + 50 ml water per os 1
hour pre-operatively; Group 2 included patients
(n = 15) who had oral tizanidine 4 mg administered
in the evening before the operation and oral Tiza-
nidine 4 mg + 50 ml water 1 hour pre-operatively.
In addition, atropine 0.5 mg i.m. was administered
to both groups as a standard measure. Preop-
eratively, arterial systolic blood pressure (SABP),
arterial diastolic blood pressure (DABP), and mean
arterial blood pressure (MABP), respiratory rates
(RR), and heart rate (HR) values were recorded 3
minutes before the induction of general anaes-
thesia. The electrodes of the TOF-Guard device
were placed on the ulnar nerve and the mechani-
cal sensor was placed on the medial side of the
patient's thumb and secured. Neuromuscular
monitoring was undertaken using a Kontron Mini-
mon (Kontron Instruments, Model Minimon, 7137
Plus, Charter Kontron, England) in the operating
room. Following the intravenous administration
of 1 mcg/kg™ fentanyl (maximum 75 mcg/kg™),
thiopental (Pentothal) 7 mg/kg” (maximum 500



mg) was administered and the TOF-Guard device
was calibrated to 100%. Subsequently, muscle
relaxation was induced with vecuronium bromide
(Norcuron) 0.1 mg/kg™, the patient was intubated
and delivered to the surgical team. All patients
were operated by the same surgical team blind-
ed to the medications involved in the study. Vital
signs and sedation were assessed and recorded
according to the Ramsay Scale (RSS). Mainte-
nance of anaesthesia was facilitated using an
inhaled mixture 65% N,0-35% O, and isoflurane
(Forane) 0.5-1%. During the operation, no other
analgesic was administered. The depth of anaes-
thesia was provided with volatile anaesthetic
dose changes according to the following vital
signs, SABP, DABP, MABP, RR and HR, which had
been recorded every 5 minutes pre-operatively.
When the 3" response of TOF was observed in the
TOF-Guard device, the patients’ muscle relaxant
requirements were maintained using doses of 30
mcg/kg’ in each patient. After the surgical team
completed the procedure, the volatile, anaesthetic
and N,O gases were turned off and the patient's
ventilation continued with the breathing circuit O,.
Each patient received 0.5 mg of atropine i.v. When
the 3" response was observed in the TOF-Guard
device, neostigmine methyl sulfate (neostigmine)
was administered i.v. for decurarization (1.5 mg).
When the TOF response was 65% according to the

Table 1. Comparison of clinical variables between the two groups

TOF-Guard device, the patient was extubated. The
patients were transferred to the recovery room
and monitored for one hour. The sedation sta-
tus of the patients was evaluated with a 6-stage
Ramsay scale. According to the Ramsay scale, the
scoring levels are the following: (1) Irritable, agi-
tated and/or restless patient; (2) cooperative, ori-
ented and calm; (3) only obeying orders; (4) sleep-
ing, although responding immediately to glabella
tapping or loud noise; (5) sleeping, with a slow
response to tapping the glabella or loud noise; (6)
no response at all to these stimuli. Our patients
were evaluated with the Ramsay sedation score in
the 1%, 2" and 3" postoperative hours.

Statistical Analysis

Statistical analyses were performed with the
SPSS Version 18.0 (SPSS Inc., Chicago, IL, USA).
The Mann-Whitney U test for continuous vari-
ables was used to evaluate differences between
groups. Fisher's Exact and x* tests were applied
to analyse differences in proportions. A P-value of
P < 0.05, was defined as statistically significant.

Results

When the ASA results of the patients were evalu-
ated, 11 patients in Group 1 presented ASA score

Variable Group 1 Group 2 Combined 1 & 2
(Mean t SD) (n=15) (n=15) (n=30) P Value
Age 49.87+13.15 46.07 +15.94 4797 +14.49 0.482
Weight 741375 71.07 +6.83 72.6+7.22 0.252
Pre-op SABP 133+ 18.11 134.33 £21.12 133.67+19.34 0.854
Pre-op DABP 81.67 +11.13 84.47+13.15 83.07 +12.05 0.534
Pre-op MABP 111 £14.93 107.80 + 17.05 109.43 £ 15.83 0.581
Pre-op HR 79.47 £12.79 73.9315.71 75.93 £+ 11.27 0.137
Pre-op RR 16.73 +2.74 16.87 + 1.46 16.80+2.16 0.869
Periop SABP 147.40 £ 16.19 141.80 £ 25.35 144.60 £ 27.09 0.477
Periop DABP 86.40 +11.43 82.13+10.96 84.27 +11.21 0.306
Periop MABP 113.93 £ 14.82 107.60 £ 14.19 110.77 + 14.61 0.240
Periop HR 79.60 +9.95 72.27 +11.64 76.70 £10.13 0.074
Periop RR 17.60 + 3.64 16.80 + 2.68 17.20 +3.17 0.499
Vec Int 35.563+8.75 42.93+6.75 39.23+8.56 0.015*
Op Time 73.80 +20.28 85.53 +20.68 79.67+20.99 0.128

Pre-op SABP: Pre-operative Systolic Arterial Blood Pressure; Pre-op DABP: Pre-operative Diastolic Arterial Blood Pressure; Pre-op MABP:
Pre-operative Mean Arterial Blood Pressure; Pre-op HR: Pre-operative Peak Heart Rate; Pre-op RR: Pre-operative Respiratory Rates; Periop
SABP: Peri-operative Systolic Arterial Blood Pressure; Periop DABP: Peri-operative Diastolic Arterial Blood Pressure; Periop MABP: Peri-
operative Mean Arterial Blood Pressure; Periop HR: Peri-operative Peak Heart Rate; Periop RR: Peri-operative Respiratory Rates; Vec Int:
Vecuronium maintenance dosage Interval; Op Time: Operation Time; P-values were calculated using Pearson x* test; Level of significance set

atP<0.05
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Table 2. Comparison of postoperative Ramsay sedation scores between the two groups

Time Ramsey Score Group 1 Group 2 P Value
n % n %
1 - - 1 6.7
. 2 3 20 5 33.3
First Hour 3 10 66.7 3 533 0.560
4 2 13.3 1 6.7
2 6 40 1 73.3
Second Hour 3 9 60 2 267 0.451
. 2 13 86.3 15 100
Third Hour 3 2 137 . . 0.143

N: number of patients; %: percentage of group; P-values were calculated using Pearson x” test; Level of significance set at P < 0.05

of |, three presented ASA Il and one presented
ASA 11l score; in Group 2, 9 patients showed ASA
| score, and six - ASA Il score. No significant dif-
ferences were observed between the two groups
(P = 0.332). There was also no statistically sig-
nificant difference between the groups in terms
of age (P = 0.482) and weight (P = 0.252). Table 1
shows the statistical comparisons of haemody-
namic variables, heart rates and respiratory rates
between the two groups, pre-operatively and
perioperatively. It was determined that the dura-
tion of the vecuronium maintenance dose was
significantly prolonged in the tizanidine premedi-
cated group (P = 0.015). However, the procedure
time did not statistically differ between the two
groups (P = 0.128). The comparison of the Ram-
say sedation scores of the patients recorded at
the first hour, second hour and third hour post-
operatively are presented in Table 2. There were
no significant differences in Ramsay sedation
scores between the two groups, (P > 0.05).

Discussion

Methyldopa, an analogue of levodopa, enters
the norepinephrine synthesis pathway and
is converted to a-methylnorepinephrine and
a-methylepinephrine. These pseudotransmit-
ters activate a-adrenoceptors, in particular cen-
tral a, receptors. As a result, norepinephrine is
released and sympathetic tone decreases. Sym-
pathetic tone is also reduced in patients receiv-
ing tizanidine, an a, agonist, due to the fat that
the transmitters at the junctions in the spinal
cord are adrenergic. Furthermore, studies in ani-
mal models also showed that tizanidine inhib-
its both mono- and polysynaptic reflexes [6, 23].
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However, unlike baclofen, it reduces both mono-
and polysynaptic excitation, although primarily
monosynaptic excitations [6, 24]. Some research-
ers suggest that tizanidine inhibits polysynaptic
reflexes [6, 25]. The result of this study might be
accounted for by a decrease in the tone-provid-
ing impulse to the adductor pollicis. Tizanidine,
which has a central alpha-2 noradrenergic ago-
nist effect, decreases norepinephrine release
and causes a decrease in the sympathetic tone,
which initially might suggest that it potentiates
muscle relaxation. However, the working principle
of the TOF-Guard device in the study is supra-
maximal quadruple stimulus given at 10-12 sec-
ond intervals, leading to severe muscle twitch
of the adductor pollicis. Therefore, the decrease
in tone in the muscle proximal to the electrodes
could not be assessed due to the working prin-
ciple of the device. The working mechanism of
TOF-Guard device is designed according to the
“all or nothing" principle of muscle contraction. If
the TOF-Guard device could provide submaximal
stimulation instead of supramaximal stimulation,
the decrease in muscle tone would be significant.
Moreover, submaximal stimulation could require
impulses from the spinal cord providing the tone
for muscle contraction.

Tizanidine, an imidazolidine derivative, is an
effective alternative to oral clonidine [18]. In fact,
the imidazolidine compounds related to clonidine
and tizanidine are thought to inhibit acetylcho-
line transmitter release [26]. A study in this area
using rabbit distal colon evaluated the potential
effects on isotonic contraction. Extrinsic pelvic
parasympathetic nerves were stimulated for 30
seconds at a frequency of 2 Hz. Atropine, when
added to the medium, abolished the contrac-
tions induced by acetylcholine, but only partially



reduced the responses to the nerve stimulation.
Clonidine and the related compounds (UK 14819,
UK 14304, UK 15121, UK 11957 and UK 42620)
inhibited nerve stimulation-induced contractions
at concentrations which had no effect on exog-
enous acetylcholine responses. In our study, the
imidazolide Tizadine [18], which also involves
these metabolites, may have played a role in the
prolongation of neuromuscular blockade. Since
acetylcholine acts as a transmitter in the intes-
tine and at the neuromuscular junction, tizanidine
may also have direct effects on the neuromuscu-
lar junction [26]. However, to date no evidence
is available to substantiate this thesis. During
general anaesthesia, clonidine increases intra-
operative circulatory stability by lowering cate-
cholamine levels. This includes peripheral nerve
blockade during regional anaesthesia. Clonidine
prolongs the duration of the block, as it can alter
the direct effects on the spinal cord through the
postsynaptic a, receptors located in the dorsal
horn. A reduction of post-operative tremor, inhi-
bition of opioid-induced muscle stiffness, reduc-
tion of opioid withdrawal symptoms, and treat-
ment of some chronic pain symptoms are among
the areas where it is applicable. Its side effects
comprise bradycardia, hypotension, sedation,
respiratory depression and dryness of the mouth.
Although methyldopa and clonidine are adrener-
gic agonists, they are also considered sympatho-
lytic, since they reduce sympathetic release [27].
In this study, the effect of the first dose of vecuro-
nium bromide was significantly prolonged in the
tizanidine group. There is no known direct drug
interaction between vecuronium bromide and
tizanidine [27]. Thus, the absence of drug inter-
action may also indicate that the effect of tiza-
nidine on prolonging neuromuscular block does
not occur by binding to post junctional receptors
at the neuro muscular junction where vecuroni-
um bromide acts. Nonetheless, tizanidine does
seem to prolong the effect of the neuromuscular
block when the effects of neuromuscular block-
ing agents are monitored objectively using the
TOF-Guard method. Therefore, there might be
a direct action on the ulnar nerve, a peripheral
nerve, or on the neuromuscular plate. However,
this is unlikely, as the ulnar nerve at that level
consists only of myelinated sensory and motor
fibres, and the absence of synapses in that area
that would require transmitters. Additionally,

there is no evidence that tizanidine has a direct
effect on the nerves. Since imidazolidine sub-
stances related to clonidine are thought to inhibit
transmitter release, it might be that they inhibit
the release of the stored acetylcholine in the pre-
synaptic vesicles in the neuromuscular plate.
Tizanidine reduces spasticity, possibly by
increasing presynaptic inhibition of motor neu-
rones. Tizanidine was shown to have no direct
effect on the skeletal muscle fibers or the neu-
romuscular junction. Although having no major
effect on monosynaptic spinal reflexes, it has
its main effect on polysynaptic pathways. Con-
sequently, it is thought to decrease the facilita-
tion of spinal motor neurons [3]. Muscle reflexes
are particularly depressed (polysynaptic reflex-
es) by tizanidine, which results in both spi-
nal and supraspinal effects. Nevertheless, the
exact mechanism of tizanidine action remains
unknown. There are clinical studies evaluating
a decrease in blood pressure, sedation and sym-
patholytic effects caused by tizanidine. In addi-
tion, in animal studies, tizanidine was shown to
have anticonvulsant effects and to inhibit gas-
trointestinal motility. Tizanidine may have a gas-
tric protective effect due to its acid inhibitory
effect through the nervus vagus with noredrener-
gic suppression [28]. In studies investigating the
antispastic effect of tizanidine, it was shown that
the frequency of spasm and clonus improved sig-
nificantly. Thus, tizanidine is primarily effective
presynaptically [29-31]. In contrast, the depres-
sant effect of tizanidine on interneurone polysy-
naptic excitation is due to the reduction of their
postsynaptic effects rather than the inhibition of
their presynaptic release of excitatory transmit-
ters [32]. However, it is unlikely that these effects
directly affected the results of our study, where
supramaximal stimulation was administered
locally and peripherally by the TOF-Guard device.
Animal models also showed that tizanidine has
a hypothermic effect [33, 34]. A decreased oxy-
gen consumption and energy expenditure were
observed after a single dose of 6 mg and 12 mg
tizanidine in healthy subjects [35]. The reduction
in oxygen consumption and energy expenditure,
and hence the possibility of hastening hypother-
mia could, theoretically, be vital, since hypother-
mia is allowed during neuromuscular blockade.
In terms of our use of atropine, which is para-
sympatholytic, it was thought to have no effect in
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our study, as it was administered to both groups.
Diazepam shows a muscle relaxant effect, and
with 5 mg diazepam given at night, active metab-
loites may have been present in the course of the
study. Nonetheless, a significantly longer dura-
tion in the muscle blockade was found in the tiza-
nidine group.

Conclusion

In this study, the effect of oral tizanidine on the
duration of vecuronium maintenance dose in gen-
eral anaesthesia was investigated. It was shown
that pre-operative tizanidine increased the dura-
tion of vecuronium maintenance doses more sig-
nificantly than placebo. Haemodynamic changes
in both groups were not significant. Thus, it is
suggested that various doses of tizanidine and
various times of prescription prior to operation
should be studied. In conclusion, more evidence
is needed on the concomitant use of tizanidine
and neuromuscular nondepolarizing blockers.
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ABSTRACT

Introduction. We investigated the early signs of reverse cardiac remodeling in symptomatic patients with
heart failure (HF) with reduced left ventricular ejection fraction (LVEF) during one-month, low dose add-on
sacubitril/valsartan (S/V) therapy.

Material and Methods. Thirty-seven adult patients with HF were evaluated before and after one-month treat-
ment with a low dose (24/26 mg BID) of S/V.

Results. The patients’ mean age was 64.50 + 17.50 years and median LVEF 29.10%. The S/V treatment result-
ed in a significant decrease in blood levels of the N-terminal pro-B-type natriuretic peptide (-364 pg/mL;
p = 0.01), left ventricular end-diastolic (-2 mm; p < 0.01) and end-systolic diameters (-2.4 mm; p = 0.01),
end-diastolic (-9 ml; p < 0.07) and end-systolic volumes (-6 ml; p < 0.01), the indexed left atrial volume (-8 ml/
m?; p < 0.01), effective orifice area mitral regurgitation (-0.09 cm? p = 0.03). The left ventricular ejection frac-
tion did not change in the course of the study.

Conclusion. One-month, low dose add-on S/V therapy in patients with HF and reduced LVEF induces reverse
cardiac remodeling. The long-term effects of a low dose S/V add-on therapy in this group of patients requires
further research.
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Introduction

Despite the improvement in the management,
heart failure (HF) remains a clinically significant
problem. The 10-year survival rate is estimated in
approximately 30% of patients, compared to 75%
in the general population [1]. Optimal therapy is
crucial in treating HF patients, as it reduces mor-
tality and hospitalization, improves the quality
of life in the symptomatic individuals [2]. Sacu-
bitril/valsartan (S/V) therapy, as an add-on to
an already existing pharmacological treatment,
improves left ventricular systolic function, exer-
cise capacity, and quality of life in HF patients
[3]. During S/V therapy, the beneficial changes in
the cardiac structure and function (reverse car-
diac remodeling, CRR) are followed by a decrease
in N-terminal pro-B-type natriuretic peptide
(NT-proBNP) and troponins concentration [4].

Several echocardiographic parameters, such
as dimensions or volumes of the left ventricle (LV),
left ventricular ejection fraction (LVEF) constitute
valuable indicators of CRR [5-7].

Up to date, the studies evaluating S/V-induced
CRR analyzed the effect of its full-dose treat-
ment, i.e., 97/103 mg BID after several months
of follow-up [8, 9]. However, the target doses are
not often achieved in real life, and approximately
two-thirds of patients remain on the lowest dose
following six months of S/V treatment [10]. No
data are available with regard to the early effects
of a low dose of 24/26 mg of S/V on CRR of the
HF patients. Therefore, we aimed to evaluate the
effects of one-month therapy with a low dose
of S/V (24/26 mg BID) on the echocardiograph-
ic parameters of CRR in individuals with HF with
reduced LVEF <40% (HFrEF).

Material and Methods

Study population

Between November 2018 and April 2021, we pro-
spectively enrolled 45 patients with symptomatic
HFrEF. The addditional inclusion criteria included
NYHA functional class Il or Ill, at least one hos-
pitalization due to heart failure decompensation
within the last 12 months, and no previous use
of S/V. All patients had to be on an optimal HF
therapy recommended by the European Society
of Cardiology (2016) and the American College of

Cardiology/American Heart Association (2017),
which included: beta-blocker and/or ivabradine,
angiotensin-converting enzyme inhibitor (ACEI),
or angiotensin receptor blocker (ARB), mineralo-
corticoid receptor antagonist (MRA), and at least
one diuretic [1]. The exclusion criteria comprised:
myocardial infarction or revascularization within
the preceding three months; cardiac resynchro-
nization device implantation within the preced-
ing six months; previous intolerance to ACEI/ARB;
symptomatic hypotension; history of angioede-
ma; estimated glomerular filtration rate (eGFR)
<30 mL/min/m? potassium concentration > 5.2
mmol/L; and poor quality of the transthoracic
echocardiographic image. The summary of the
study flow is shown in Figure 1. The study proto-
col and the informed consent were in accordance
with the Helsinki Declaration and were approved
by the Bioethics Committee of Poznan University
of Medical Sciences.

Following the enrollment procedure and
36-hours of ACEl wash-out, the patients were
started a low dose of S/V, i.e., 24/26 mg BID [11].
During the follow-up period, pharmacotherapy
up-titration was not allowed. The NT-proBNP
serum concentration and transthoracic echocar-
diography were performed at the baseline and
after one month follow-up.

Echocardiography

During the standard transthoracic echocardiog-
raphy (Vivid-9, General Electric Medical Systems,
USA), cine loops of three cardiac cycles were
recorded for the offline analysis with an aver-
age frame rate of 56-92 frames/sec. Left atri-
al and ventricular volumes and diameters were
measured according to the American Society of
Echocardiography [12]. LVEF was calculated by
the Simpson's method from end-systolic and
end-diastolic endocardial borders using the api-
cal 4- and 2- chamber views. If two or more con-
tiguous LV endocardial segments were poorly
visualized, LVEF was not assessed. Thus, eight
patients were excluded from the study, and finally,
thirty-seven patients were enrolled in the study.

Statistical analysis

The distribution of the majority of continu-
ous data was not normal according to the Sha-
piro-Wilk test, hence, the results are presented
as medians. The paired nonparametric Wilcoxon
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test was used to compare the data before and
after one-month treatment with S/V. The p-value
less than < 0.05 was considered statistically sig-
nificant. Data were analyzed using Dell Statistica
(data analysis software system), version 13, Dell
Inc. (2016).

Results

All patients (mean age 67 years, five females)
completed a one-month follow-up. The etiology

=
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*  Symptomatic HF pts(NYHA Il-1il)
*  LVEF<40%
+ Optimal HF medical treatment
+  Historyof one HF decompensation
lastyear
* No previousS/Vtreatment

of HF was ischemic in 23 patients (62%). Twen-
ty-one patients were in NYHA class I-Il, and 16
in NYHA class llI-1V. The majority of the group
(24 patients, 65%) presented with a very severe
left ventricular systolic dysfunction (LVEF median
29.10%). The baseline characteristics of the stud-
ied group are present in Table 1.
Afteramonth, NT-proBNP concentrations were
significantly lower (-364 pg/mL, p = 0.01). Table 2
presents the results of NT-proBNP in the course
of the study. We observed a significant reduction
of the left ventricular end-diastolic diameter (-2

==

Enrollment to the Included to S/V 24/26mgBID
study the study after Baseline Follow up-
N =45 N =37 36- hours of examination after 30 days

ACEI/ARB wash-out

A I 2. / l N
[ Exclusion criteria: \ Dropouts
*  Myocardalinfarction or PCl befor N=8
3month Reason:
+ Cardiac resonchronization therapy poorqualityof the
befor 6month echocardiographic image
« ACEI/ARB intolerance
*+  Symptomatic hipotension
*  Agicedemainhistory
*  GFR<30mi/m2/min
o Potasium >5.2mmol/l Y,

—

( Laboratory test:

+  Serum Nt- proBNP
concentration

Echocardiography:

¢+ leftventriclediameters

+  Leftventriclevolumes +  Leftventriclevelumes

*  Leftatrialindexed « Leftatrialindexed
volume volume

*  LVsystolicfunction: LVEF * LV systolic function: LVEF

[ Laboratory test: |
+ Serum Nt-proBNP
concentration

Echocardiography:
*  Leftventricledismeters

7 X
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Figure 1. Study flow

Table 1. Patients characteristics at the baseline (n = 37)

No. (%)
Gender:
- Male/female 32/5 86/14
Etiology:
- Non-ischemic 14 38
- Ischemic 23 62
Diabetes 16 43
Chronic renal failure (GFR< 90 mL per minute) 12 32
Atrial fibrillation: persistent or permanent 8 22
NYHA Class:
- I-ll 16 64
- -1V 9 36
CRT 8 21
Beta-blocker 36 97
Ivabradine 3 8
Loop diuretic 37 100
Mineralocorticoid-receptor antagonists 32 86

Angiotensin-converting enzyme inhibitor before S/V treatment 37 100

Abbreviations: BMI — body mass index, CRT - cardiac resynchronization therapy, GFR-
glomerular filtration rate, NYHA — New York Heart Association Classification.
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Table 2. Clinical, laboratory, and echocardiographic parameters at the baseline and at the follow-up (n = 37)

Parameter Baseline Follow-up Paired differences
[median value] [median value] [median value] p-value
SBP (mmHg) 120 120 -3 0.09
DBP (mmHg) 76 74 -1 0.36
NT-proBNP (pg/mL) 1475 1581 -364 0.01
LVEDD (mm) 69 68 -2 <0.01
LVESD (mm) 61.10 59 -2.40 <0.01
LVEDV (mL) 185 169 -9 <0.01
LVESV (mL) 123 112 -6 <0.01
LAVI (mL/m?) 52 40 -8 <0.01
LVEF (%) 29.10 30.00 0.90 0.07
EROA (mm?) 0.24 0.15 0.09 0.03

Abbreviations: DBP - diastolic blood pressure, EROA - effective regurgitant orifice area, LAVI - left atrial volume in-
dex, LVEF - left ventricular ejection fraction, LVEDD - left ventricular end-diastolic diameter, LVEDV - left ventricu-
lar end-diastolic volume, LVESD - left ventricular end-systolic diameter, LVESV - left ventricular end-systolic vol-

ume, NT-proBNP — N-terminal pro-b-type natriuretic, SBP - systolic blood pressure.

mm,; p < 0.01), left ventricular end-systolic diam-
eter (-2.40 mm; p < 0.01), left ventricular end-dia-
stolic volume (-9 mL; p < 0.01) and left ventricular
end-systolic volume (-6 ml; p < 0.01), indexed left
atrial volume (-8 mL/m? p < 0.01) and the effective
regurgitant orifice area of the mitral valve (-0.09
mm?, p = 0.03). However, the left ventricular ejec-
tion fraction did not change significantly during
the treatment (LVEF = 29.10 vs 30.00%, p = 0.07).
Table 2 shows the laboratory and echocardio-
graphic parameters during the study.

Discussion

We demonstrated that one-month low dose of
S/V treatment in patients with HFrEF results in
a significant reverse cardiac remodeling. Further-
more, we observed a small, but significant, reduc-
tion of the left ventricular end-diastolic diameter,
left ventricular end-systolic diameter, left ven-
tricular end-diastolic volume, and left ventricular
end-systolic volume, indexed left atrial volume
and mitral regurgitation severity assessed by the
effective regurgitant orifice area.

Historically, reverse cardiac remodeling was
defined as a 20% decrease in the left ventricular
end-diastolic volume [13]. Nowadays, a 210% left
ventricular end-systolic volume decrease is pref-
erable, since it leads to more favorable outcomes
after optimizing HF treatment [14] and strongly
correlates with the patients’ survival rate [13, 15].
In our study, left ventricular volume (end-diastolic

and end-systolic) improved by approximately 9%.
It is worth bearing in mind that this effect result-
ed from one-month, low-dose S/V therapy.
Significant left atrial reverse remodeling is
defined as a decrease of 15% of left atrial vol-
ume [16]. Despite scarce data, left atrial reverse
remodeling may result from pharmacological
intervention (data for ACEI or ARB, spironolac-
tone therapy), invasive therapy (e.g., ablation of
the pulmonary veins in AF, cardiac resynchroni-
zation therapy), or the improvement of diastolic
and systolic left ventricle function. Regardless of
the mechanism of left atrial remodeling reverse,
the left atrial volume significantly influences the
prognosis of patients with HF [16—18]. Our study
demonstrated that the indexed left atrial volume
reduction following one month of low dose S/V
therapy is one of the most efficient parameters of
reverse remodeling. The severity of mitral regur-
gitation serves as an independent risk factor
for cardiovascular morbidity and mortality [18],
therefore, the improvement of left ventricular and
atrial volumes reduces functional mitral regur-
gitation [18], which was also found in our study.
All the above-mentioned improvements present
completely left-sided reverse cardiac remodeling.
Nevertheless, the lack of a significant improve-
ment in LVEF in our study requires some com-
ment. In fact, a specific, layered structure of the
myocardium may account for it. The LVEF is more
dependent on the function of the midwall circum-
ferential fibers. Thus, better myocardial remod-
eling requires a long-term treatment in order to
observe the improvement in the left ventricu-
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lar systolic function, as measured by the ejec-
tion fraction [19]. In fact, this may be the reason
why Mazzetti et al. observed the LVEF improve-
ment following six months of S/V treatment, and
not after three months [19]. On the other hand,
the small sample size and the short observation
period in our study limit the possibility of drawing
definitive conclusions.

On the basis of the latest data, S/V-induced
reverse heart remodeling may stem from hemo-
dynamic changes. S/V has reduced cardiac
wall stress, thus, decreasing intracardiac pres-
sures [20], which is indirectly demonstrated by
the decreasing NT pro-BNP concentration in the
blood serum. In our study, the median drop of the
NT-proBNP was > 364 pg/mL. This result in in
line with the PROVE-HF study, which proved that
NT-pro BNP reduction is related to reverse cardi-
ac remodeling [21]. It is worth noting that in the
PROVE-HF study, CRR parameters were assessed
at the baseline and after 6 and 12 months. In
another study, by Januzzi et al., the concentration
of NT-proBNP decreased as early as 14 days after
the initiation of S/V [22]. In this study, the starting
dose of S/V was 24/26 mg BID, and it was titrated
after 2—4 weeks to the maximum dose of 97/103
mg BID (65.0% of patients at the end of the study)
or maximum tolerated dose.

Additionally, S/V possibly directly affects the
concentration of natriuretic peptides through its
pharmacological effect on neprilysin, in addition
to the impact on intracardiac filling pressures
[23]. However, further studies on larger groups
are necessary to quantify this effect.

We used a low dose of S/V, i.e., 24/26 mg BID,
alsoreferred to as an initial dose in the "conserva-
tive high-dose protocol” of the TITRATION study
[11]. In this study, S/V was titrated after 2 weeks
to 49/53mg BID, and subsequently to a maxi-
mal dose of 97/103mg BID following 6 weeks. If
a condensed regimen was chosen (a second arm
of the study), patients received S/V at the dose
of 97/103 mg BID after 2 weeks. The TITRATION
study reported the clinical outcomes after at
least three months of the S/V treatment (at this
point, 85.2% of patients were on S/V 97/103mg
BID). In contrast, in our study, a low S/V dose ini-
tiates a reverse cardiac remodeling after a month
of therapy. According to the current ESC guide-
lines for diagnosing and treating acute and
chronic HF, the recommended target dose of S/V
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is 97/103 mg BID [2, 24]. However, this dose is not
often achieved in real life. In fact, up to two-thirds
of patients remain on the lowest dose after six
months since the onset of the therapy [25]. In
the PARADIGM-HF, in 17.8% of patients a reduc-
tion of the S/V dose from 97/103 to 47/53mg BID
was necessary. Moreover, in 12% of patients, S/V
was withdrawn, primarily due to hyperkalemia or
hypotension [3]. In our study, none of the patients
required discontinuation of therapy.

Limitations

The main limitation of the study is the small num-
ber of participants. However, it was a single-cen-
ter and unsponsored study including the carefully
selected symptomatic patients with advanced
HFrEF. Another limitation is the short-term fol-
low-up of one month following the applied treat-
ment. Therefore, we cannot conclusively deter-
mine the long-term effects of a low dose S/V.
Nevertheless, we demonstrated that this form
of treatment exerts a relevant and beneficial S/V
effects on the cardiac remodeling in patients with
HFrEF. Furthermore, from the economic perspec-
tive, it results in reduced costs for the health care
system.

Perspectives

We have demonstrated that a low dose S/V for
the period of one month reverses adverse cardi-
ac remodeling in the patients with severe HFrEF.
Nevertheless, it remains uncertain whether the
beneficial effects of low doses of S/V extend
beyond one month, and thus should be also
investigated. Our HFrEF patients presented with
a very severe systolic dysfunction with LVEF
29.10%. Therefore, further research is necessary
to investigate whether a low dose S/V would pro-
vide similar benefits in patients with a less severe
impairment of the systolic function.

Conclusion

One-month S/V therapy with 24/26 mg BID in
patients with HFrEF induces the left-sided car-
diac reverse remodeling.
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ABSTRACT

Coronaviruses are RNA viruses causing infectious diseases. They had been responsible for 15% cases of
a common cold before December 2019. With the new strain of coronavirus SARS CoV2 which causes COV-
ID-19 disease, the ongoing pandemic surprised with the severity of symptoms and its course compared to
the previously known mild respiratory tract infections. In the end of December 2021, over 274 million peo-
ple were diagnosed with COVID-19 disease, and the total mortality amounted to nearly 5.4 million deaths
in more than 200 countries. One of the potentially fatal complications of COVID-19 is pulmonary embolism
(PE). It appears that PE has been associated with several coagulation abnormalities as well as with fre-
quent significantly elevated concentration of D-dimer's. A higher D-dimer concentration in blood serum, in
turn, has been associated with an increased risk of premature death. Moreover, inflammation, typical in the
course of COVID-19, is considered a prothrombotic condition; higher interleukin 6 (1-6) and C-reactive pro-
tein concentrations have been found in patients with more severe forms of COVID-19. So far, none specific
for COVID-19 studies have been available with regard to the diagnosis and treatment of PE. Therefore, the
practical approach is based on the experience of other groups of patients. Prevention of thrombotic events
seems reasonable, at least in COVID-19 patients with the risk factors of developing venous thromboembo-
lism. Low-molecular-weight heparins are most commonly prescribed (e.g. enoxaparin, dalteparin). Follow-
ing the confirmed definite PE diagnosis, proper anticoagulation or, if necessary, thrombolytic treatment must
be introduced.
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Coronaviruses are RNA viruses causing infectious
diseases in birds and mammals, including people
[1]. However, infections caused by these viruses
may be asymptomatic. It usually presents as mild
symptoms similar to a common cold, although
patients frequently end up developing severe
complications which may lead to death [1-5].

For many vyears, four coronaviruses,
HCoV-0C43, HCoV-HKU1, HCoV-229E, and
HCoV-NL63, have been present in human popula-
tions, and have been responsible for up to 15% of
all cases of a common cold [6]. Three other cor-
onaviruses identified in humans, i.e. MERS-CoV,
SARS-CoV, and SARS CoV-2, account for more
severe infections, i.e., the Middle East severe
acute Respiratory Syndrome, Severe Acute Respi-
ratory Syndrome, and the Coronavirus Disease
2019 (COVID-19), respectively [7, 8]. In the end
of December 2021, over 274 million people were
diagnosed with COVID-19, and the total mortal-
ity amounted to nearly 5.4 million deaths in more
than 200 countries worldwide [9]. The beginning
of the COVID-19 vaccination process in late 2020
provided the humanity with the expected efficient
remedy. To date, although over 4400 million peo-
ple globally have been vaccinated with at least
one dose, it is still not enough to gain herd immu-
nity [10].

The most common clinical symptoms of
COVID-19 include fever, cough, fatigue, dyspnoea,
accompanied with muscle pain, loss of smell
and taste, diarrhoea, and weight loss [11-14].
Additionally, some patients also report nausea,
emesis, and abdominal pain. The mean incuba-
tion time of the virus varies from 4.6 to 6.5 days
[15]. It is crucial to bear in mind that the disease
may progress to viral pneumonia, acute respi-
ratory distress syndrome, multi-organ failure,
and cytokine storm, which leads to death. Major
exacerbation of the disease frequently occurs
late, over two week following the infection [16].
Furthermore, COVID-19 affects various organs
and systems. This, in turn, may lead to serious
complications which are not as common or do
not occur at all in case of infections caused by
rhinoviruses, influenza viruses, adenoviruses, or
older coronaviruses [12, 18].

Crucially, COVID-19 is associated with an
increased risk of mortality. Among several serious
consequences, pulmonary embolism constitutes
one of the most common potentially life-threaten-
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ing complications in COVID-19 patients [18—20],
and the underlying causes are numerous. Simi-
larly to other viral infections, COVID-19 is accom-
panied with an inflammatory response of varying
severity, from mild to extreme. However, COVID-
19 may be complicated by a cytokine storm along
with several coagulation abnormalities, ranging
from excessive bleeding to disseminated intra-
vascular coagulation [21, 22].

In COVID-19, the coagulation is activated
through several procoagulant mechanisms,
including an increase in fibrinogen concentration,
activation of platelets and complement pathway,
as well as endothelial damage [23, 24, 26]. Inter-
estingly, Han et al. noticed that D-dimer concen-
tration is generally higher in COVID-19 patients
than in the healthy individuals [25]. Individuals
with a more severe COVID-19 course present
higher D-dimer concentration than those with the
mild forms [26—29]. Furthermore, other studies
also indicate a positive correlation between the
D-dimer concentration on admission, morbidity,
and mortality rates [30, 31]. In fact, patients with
higher D-dimer and fibrinogen-derived peptides
concentrations, longer prothrombin time, and
activated partial thromboplastin time were at an
increased risk of death. Among those who died,
a disseminated intravascular coagulation was
found in 71.4% compared to 0.6% in the survivors.
Several studies aimed to investigate the mecha-
nisms and pathophysiology of the phenomenon
referred to as COVID-19 associated coagulopa-
thy (CAC). Table 1 summarises the coagulation
abnormalities found in COVID-19 patients.

Other causes for a higher prevalence of PE in
COVID-19 patients include inflammation, immo-
bilization, the coexistence of prothrombotic dis-
eases, and pharmacological therapy. It is crucial
to bear in mind that inflammation is considered
a prothrombotic condition. Thus, higher concen-
trations of interleukin 6 (lI-6) and C-reactive pro-
tein are typical in COVID-19 patients [28]. Addition-
ally, critically ill patients frequently develop sepsis
and septic shock, both of which may lead to a dis-
seminated intravascular coagulation [23], whereas
common respiratory and urinary tract infections
also temporarily increase the risk of PE [32].

Individuals with symptomatic COVID-19 show
poorer exercise tolerance due to fatigue as well
as dyspnoea, and they are hospitalized or subject
to quarantine. Consequently, patients are either



Table 1. Changes in blood coagulation parameters in COVID-19 patients [25-28]

Changes in blood coagulation

COVID-19 patients vs. healthy individuals

APTT Longer
PT Longer
D-Dimer concentration Higher
INR Higher
FDP concentration Higher
Fibrinogen concentration Higher
Anti-Thrombin Ill concentration Lower

Abbreviations: APTT - activated partial thromboplastin time, FDP - Fibrin degradation
products, INR - International normalized ratio, PT — prothrombin time.

immobilized, or have a dramatically limited phys-
ical activity, which in itself is associated with an
increased risk of thromboembolism. Moreover,
numerous patients with a more severe COVID-
19 course report other prothrombotic comor-
bidities, such as obesity, smoking, diabetes [33],
advanced age, cancer, or prostate hypertrophy in
men. Another risk factor for thromboembolism
is a prolonged fever which is frequently accom-
panied by dehydration, as well as the fact that
COVID-19 patients with a more advanced respi-
ratory tract involvement require steroid treatment
which also has a prothrombotic effect.

Increased numbers of deep vein thrombosis
and life-threatening PE have been observed in
COVID-19 patients (Table 2). Poissy et al. report-
ed a surprisingly high PE number in 107 patients
at the Intensive Care Units in Lille University Hos-
pital in France [34], where in comparison with the
pre-COVID19 period, the rate of PE was two-fold
higher. Furthermore, PE prevalence was twice as
high in COVID-19 patients than in individuals pre-
senting with influenza, who were admitted to the
same unit in 2019, whereas PE symptoms usu-
ally developed during the 6™ day of the Intensive
Care Unit hospitalization [34]. Grillet et al. [35]

diagnosed acute PE in 23 out of 100 COVID-19
patients who presented with severe clinical signs
and symptoms, such as an increased respiratory
rate, decreased blood oxygen saturation, temper-
ature > 40°C, the presence of other comorbidities,
and a need of mechanical ventilation. According
to their study, PE was diagnosed within the first
12 days of the onset of symptomatic COVID-19
infection. In fact, observations from other coun-
tries confirmed these findings, e.g. Poyiadji et al.
[36] have shown that 72 out of 328 patients diag-
nosed with COVID-19 also developed PE. Nev-
ertheless, most patients from this study did not
require admission to the Intensive Care Unit.

The diagnosis of PE in COVID-19 patients con-
stitutes a challenge, since most clinical signs and
symptoms are non-specific for acute PE. A num-
ber of the clinical findings present in PE are also
frequently found in COVID-19 patients who do not
develop PE, i.e. both COVID-19 and PE patients
complain of dyspnoea, reduced exercise toler-
ance, tiredness, and some with chest pain and
reduced blood oxygen saturation. Additionally,
the D-dimer concentration is increased in both
COVID-19 and PE patients. Therefore, the princi-
ples or prognostic scores usually applied for the

Table 2. Overview of the studies regarding pulmonary embolism prevalence in COVID-19

Country Number of patients ~ Diagnosed PE % of PE
Poissy et al. [34] France 107 22 20.6
Grillet et al. [35] France 100 23 23
Poyiadiji et al. [36] USA 328 72 21.9
Helms et al. [37] France 150 25 16.7
Lodigiani et al. [38] Italy 61 2 36
Klok et al. [39] Denmark 184 65 35
Thomas et al. [40] Great Britain 63 5 79
Middeldorp et al. [41]  The Netherlands 198 1 5.6

Abbreviations: PE — pulmonary embolism.
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diagnosis of PE should also be used in COVID-
19 patients, and up to date, no distinct or better
approaches have been proposed. Table 3includes
the prognostic scale for PE, and Tables 4 and 5
summarises the two scores for PE prediction.

On the basis of the available literature and
the analysis of three different COVID-19 patients
from our centres, we have summarised the values
of the Wells' score, the Revised Geneva Score, as
well as PESI, and sPESI scores.

Table 3. The Pulmonary Embolism Severity Index (PESI) and
simplified PESI (sPESI) prognostic score for pulmonary em-
bolism

It is noteworthy that according to the Wells'
score, 7 out of 12 COVID 19 patients with con-
firmed PE presented a low probability of PE (Table
6). In contrast, according to the Geneva Score,
5 of these patients should be categorized as
belonging to the low PE probability group. More-
over, neither of the scales classified any of the
patients as a high probability of PE. However, pri-
or observations suggest that prognostic scales
for PE are not sensitive and specific enough

Table 4. The Wells' score for the prediction of pulmonary em-
bolism

Wells Wells
PESI sPESI (Original) (Simple)
Age Ageinyears 1 (if>80) Previous PE or DVT 1.5 1
Sex Male (10) ) Immobilisation for at least three days, 1.5 1
or a surgery in the four previous weeks
Neoplasm present or not 30 1 Malignancy 1 1
Heart failure 10 1 Haemoptysis 1 1
COPD 10 1 Heart Rate > 100 beats/min 1.5 1
Heart Rate >110/min 20 1 Clinical signs of DVT 3 1
Respiratory Rate >30/min 20 - Alternative diagnosis less likely than PE 3 1
Systolic Blood Pressure <100 30 1 Interpretation (Original Scale):
Temperature <36 20 = >6 points High probability
Confusion 60 - 2-6 points Moderate probability
Blood oxygen saturation <90% 20 1 <2l - - Low probability
Interpretation (Simple):
Scoring: (risk) PESI SPESI 22 points Probably PE
Very low <65 0-1.6% 0-1.0% risk of death <2 points PE unlikely
Low 66-85 1.7-3.5%  >1-10.9% risk of death Abbreviations: DVT — deep vein thrombosis; PE - pulmonary em-
Moderate 86-105 3.2-71% bolism.
High 106-125 4-11.4%
Markedly high>125  10-24.5%

Abbreviations: COPD - chronic obstructive pulmonary disease

Table 5. The Revised Geneva Score for the pre-test probability of pulmonary embolism

Revised Geneva Score Points

Previous PE or DVT 3
Surgery (under general anaesthesia) or the lower limb fracture in the past month 2
Malignancy 2
Haemoptysis 2
Age >65 1
Unilateral lower limb pain 3
Pain on deep palpation of the lower limb and unilateral oedema 4
Heart Rate 75-94 beats/min 3
>95 5

Interpretation:

0-3 points Low probability

4-10 points Moderate probability

11 and more points

High probability

Abbreviations: DVT - deep vein thrombosis; PE — pulmonary embolism.
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Table 6. Pulmonary embolisms in COVID-19 patients — collected cases and our data

Country Gender Age Comorbidities Wells Geneva sPESI PESI
scale  scale
(revised)

Abington, USA [42] F 59 Hypertension, diabetes 15 5 2 99
London, UK [43] M 53 none 1 5 0 63
San Diego, USA [44] M 42 none 1 2 0 72
Lugano, Switzerland [45] M 50 chronic kidney disease, hypertension, hepatitis B 2 5 1 80
Manchester, UK [46] M 52 none 1 0 1 62
Birmingham, UK [47] F 52 Obesity, diabetes 2 5 3 202
Istanbul, Turkey [48] F A Diabetes 1 0 3 161
New York, USA [49] M 38 Obesity 2 5 2 118
Poznan, Poland F 39 Hypertension 3 5 0 39
Florence, Italy M 64 Previous myocardial infarction, allergic asthma 1.5 3 0 T4
Wroclaw, Poland F 69 None 1 0 0 89
London, UK M 48 Obesity 2 5 2 118

[50]. The abovementioned data indicate that the
active COVID-19 should probably be included in
the modified Wells' scale and Geneva Score in
order to improve their applicability in this par-
ticular group of patients. Therefore, to achieve
this a large multicentre registry of patients with
COVID-19 who developed PE and who did not
develop PE should she established.

Although there are several different PE diag-
nosis modalities, in COVID-19 patients probably
the most frequently applied method is computed
tomographic pulmonary angiography. According
to Sabri et al. [51], chest CT shows ground-glass
opacities and consolidations in most COVID-19
patients (93.4% and 92.6%, respectively). In addi-
tion, nearly two-thirds (63.5%) of patients pre-
sented the peripheral distribution of lung abnor-
malities and some central and diffuse opacities
(14.3% and 17.5%, respectively). In fact, com-
pared with the reverse-transcription polymerase
chain reaction (RT-PCR), chest CT may consti-
tute a more reliable, practical, and faster method
to diagnose and assess COVID-19, particularly in
the area affected by the epidemic. As Ai, Yang et
al. observed, with RT-PCR results as the refer-
ence standard in 1014 patients, the sensitivity,
specificity, and accuracy of chest CT in indicat-
ing COVID-19 infection were 97%, 25% and 68%,
respectively [52]. In some centres, lung ultra-
sound is also employed, particularly at the Emer-
gency Departments or in cases of patients in
a critical condition. Moreover, lung point-of-care
ultrasound (POCUS) has shown sensitivity and
specificity similar to chest CT when diagnosing

interstitial pneumonia, which is also an effec-
tive method in terms of the visualization of the
sub-pleural lung infarctions typical of pulmonary
embolism.

Itis vital to bear in mind that echocardiography
plays an essential role in diagnosing and monitor-
ing patients with suspected PE [53]. In fact, it may
directly visualize the thrombus or thrombi within
the right ventricle, particularly in patients with the
prothrombotic state, such as SARS-COV-2. Echo
allows visualizing right ventricular dilatation and
dysfunction. It also allows assessing pulmonary
artery pressure and elevated pressure features in
the form of interventricular septal flattening. The
critical part of the echo is the McConnell's sign,
characterized by akinesia of mid-segment of RV
free wall with a normal apex motion [54]. Although
echocardiography may have a low sensitivity in
diagnosing PE, at the same time it shows high
accuracy in diagnosing a large PE [55]. An essen-
tial element, therefore, is thrombotic events pre-
vention which should be introduced to COVID-19
patients with risk factors of developing venous
thromboembolism to prevent PE development
[56]. Nevertheless, a recent systematic review
has pointed out other risk factors of develop-
ing directly PE in covid-19 patients [57], such as
mechanical ventilation status or parenchymal
damage. Interestingly, authors of this study claim
that age and typical comorbidities were nor asso-
ciated with the occurrence of PE.

The most commonly prescribed medica-
tions include low-molecular-weight heparins
(e.g. enoxaparin, dalteparin), as well as alterna-
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tive pharmacological therapies. [58, 59] However,
one retrospective study indicated that the use of
fondaparinux, instead of low-molecular-weight
heparins, should be discouraged [60]. Yet, there is
limited evidence that Oral Anticoagulants are inef-
fective in reducing mortality [61], and apixaban
and rivaroxaban concentrations may be increased
during the treatment with sarilumab or tocilizumab
[56]. Once the definite PE diagnosis is confirmed,
an anticoagulation treatment should be initiated,
which usually comprises low-molecular-weight
heparin or unfractionated heparin [58]. In PE
patients who are hemodynamically unstable due to
severe and unresponsive hypotonia and/or shock,
thrombolysis is recommended with a recombinant
fibrin-specific plasminogen activator. Therefore, it
is still uncertain which therapy should be eventu-
ally chosen for patients with arteriovenous throm-
boembolism, including those with PE, and further
investigations are necessary. Similar consider-
ations apply to the prevention of embolism inci-
dents. Despite these concerns, treatment based
on the current guidelines should be introduced in
clinical practice and such guidelines have been
developed in several countries [58].

Summarizing, COVID-19 infection is asso-
ciated with multiple coagulation abnormalities
leading to the development of PE, particularly in
the critically ill patients. PE constitutes one of
the most serious complications accompanying
COVID-19, as it substantially increases mortality.
Hence, the diagnostic approach and the applied
therapy should be the same as in non-COVID-19
patients. So far, no specific studies with regard
to the diagnosis and treatment of PE in COVID-19
patients have been available. Therefore, it appears
that this clinical challenge requires more attention
and deserves a prospective clinical evaluation.
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ABSTRACT

A lie is not the truth, a common definition found in each dictionary or encyclopaedia. Humans use it in dif-
ferent situations and for various reasons, but in the case of forensics, recruitment, and trust in the company
or family, it can be curtailed in order to avoid it or to detect it. One of the possible detection tools is the poly-
graph, whereby lies may be registered and interpreted by means of physiological activities controlled by the
autonomic nervous system, such as sweating, trembling, or changes in breathing or in the heart rate. The
analyses of the aforementioned parameters are monitored in response to questions, thus, providing informa-
tion about a possible lie. Questions should be asked according to one of the approved protocols and given
procedures and algorithms, which are constantly developed and revised to provide the best possible results.

Introduction

The lie is one of the most common tools used by
humans, and it is thought that it has been present
since the beginning of mankind [1]. The conflict
generated during lying in the human brain results
in an increase in stress expressed on the behav-
ioural level as a fight-or-fly reaction. The physio-

logical manifestations, such as changes in blood
pressure, heart rhythm and rate, breath deepness,
and skin resistance changes, can be monitored
in an attempt to detect a lie. The modern poly-
graph, an appliance used for recording changes
in organ activity during true-false verification, is
a small portable device (Figure 1). Together with
the mobile PC, the polygraph registers the chang-
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Figure 1. An example polygraph setup comprising a CPSpro -
Stoeltinga and Dell mobile PC

es creating a record of the physiological fluctua-
tions, since stress responses are regulated by the
autonomic nervous system [2, 3].

It is necessary to emphasize the external con-
ditions which can affect the examination, such as
alcohol, or drugs, as well as the exclusion crite-
ria. Bradley and Ainsworth (1984) [4] found that
alcohol intoxication during a sham crime reduces
crime detection accuracy, although Hammond
(1980) [5] observed no difference in the detec-
tion of fraud using a sham crime scenario among
healthy individuals, alcoholics, and psychopaths.
Similarly, neither Raskin and Hare (1978) [6] nor
Patrick and lacono (1989) [7] found any differenc-
es in the detection of fraud between psychopath-
ic and non-psychopathic prisoners. However, the
studies of Waid et al. [8] indicate that the use of
meprobamate reduces polygraph tests accuracy,
although the studies conducted by [9,10] suggest
that similar drugs, such as diazepam (Valium)
and methylphenidate (Ritalin), show little effect
on the polygraph results. Summarising, it is pos-
sible to state that drugs and alcohol may impact
the result of the analyses, nevertheless, currently,

Journal of Medical Science 2022;91(1)

researchers are aware of that and, therefore, are

able to extrapolate the effect on the results.

Interestingly, polygraph analyses cannot be
used in all cases. According to the American
Polygraph Association (APA), the test can be per-
formed only if several criteria are fulfilled:
> a person does not present with any mental

disorders,

> the person tested is over 12 years of age and
is able to think in an abstract manner,

> the 1Q is higher than 55 and mean age equiv-
alence indicates an age of not less than 12
years,

> the person has a Global Assessment of Func-
tioning scale score of less than 50 [16]
Physical disabilities (e.g. amputation of a fin-

ger, arm, hand, as well as spine injures) are poten-

tially problematic; however, the sensor can be
omitted, or placed elsewhere, for instance, EDA

can be placed not on the finger, but on a foot [16].
In practice, polygraph tests constitute valu-

able tools for detecting truthfulness, confabula-

tion and fraudulent behaviour in various areas

(criminal departments, national security agen-

cies, business, industry, science):

»  for detecting lies in forensics (criminal inves-
tigation) [11],

> as evidence and circumstantial evidence for
government agencies and legal systems [12],

» to identify terrorism suspects and other indi-
viduals presenting anti-social behaviour who
may be concealing their identity [13],

» asatool supporting the administration of justice
to individuals facing wrongful convictions [14],

> in industry and business, they can contribute
to increasing the organisational efficiency,
facilitating the selection of candidates with
appropriate skills and experience, and pro-
moting the employee integrity in the work-
place [15].

The physiological parameters can be recorded
using different body parts (Figure 2), for instance,
the chest, arm, and fingers (Table 1). For proper
analyses, the following procedures should be fol-
lowed:

1. Pre-testinterview.

Acquaintance test.

Main test.

Final talk.

Data analyses.

SN
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Figure 2. Location of sensors: Upper pneumo PNT - Thoracic Pneumograph; Lower pneumo PN2 — Abdominal
Pneumograph; Cardio — Blood pressure measurement; EDA - Electro Dermal Activity (Galvanometer); PPG - Pho-

toPlethysmograph (Created with BioRender.com)

Table 1. Physiological parameters and channels used in a polygraph examination [16]

Physiological parameter

Observed change

Type of sensor  Sensor location

Respiratory rhythm - apnoea
- breath suppression
- breath rate retardation
- breath rate acceleration
- shallow breathing
- respiratory depression

Pneumo Upper and lower

chest

Skin ectodermal activity - skin dryness
- hyperhidrosis

EDA Fingers

Blood pressure and heartrate - heart rate depression
- heart rate acceleration

- blood pressure fluctuations

- extrasystoles

Cardio Arm or thumb

Blood volume changes in veins - decreases of the volume in small and distal vessels

Test procedure

Regardless of the reason for the test (foren-
sic investigation, screening, legal evidence of
offenders or private purposes), the examin-
ers have to prepare a suitable place, the equip-
ment as well as themselves. The test should
be conducted in quiet and private conditions,
in a location with no disturbance or disruption,

PPG/PLE  Tip of the finger

whereas the examined person needs to under-
stand the language and all the question asked,
and crucially, the person cannot be forced, but
must express a willingness to be tested [16]. The
examiner should have all the available back-
ground information concerning the investigated
issue so that they can ask pertinent questions as
well as select the appropriate and most adapted
protocol and set of questions [17].
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Pre-test interview

The interview includes the verification of the sub-
ject's identity, obtaining written consent to partic-
ipate in the procedure, explaining the main prin-
ciples of the polygraph test, a comprehensive dis-
cussion of the main issues which will be verified
during the test, familiarisation with the test ques-
tions and their discussion. The pre-test interview
should reduce the participant's stress by asking
questions regarding basic personal information,
such as occupation, age, health status and memo-
ry [18], which also helps to determine if a person is
physically and mentally fit to take part in the test.
Additionally, the examiner should also explain the
procedure and ensure that the participant under-
stands that they will only be asked questions con-
cerning the investigated issue [16]. In this part the
examiner frequently asks, such questions as “Do
you understand that you will be asked only the
questions about the case?" or "Do you understand
all the steps in the procedure?” [16].

Acquaintance test

This test is also referred to as a demonstration
test (abbreviated as "demo”), and it is designed
to relax or activate the participant. In addition,
it also reveals the participant's typical level of
emotional agitation when responding to answers,
which allows to observe the variability of the reg-
istered physiological reactions, particularly when
the person is deliberately misleading (so-called
psychophysiological response to a known lie).
Furthermore, the acquaintance test also enables

Table 2. Question types and examples [17]

the participant to grow accustomed to the testing
situation and the installed sensors [19]. This part
of the procedure is based on irrelevant questions
(described in ,Main test" section).

Main test

The main test is central to the investigation and
involves questions pertaining to the issue under
investigation asked in 20-25 second intervals
to provide time for recovery [16]. The participant
should be instructed to provide only "yes" or “no"
answers, and the questions should be simple and
close to the true/false mode [16]. The questions are
the most crucial element of the procedure, since
they constitute emotional triggers, eliciting physi-
ological responses which can be detected and
recorded for further analysis (Table 2). The ques-
tions can be categorised as shown in Figure 3.

The questions should:
> be simple, direct and easy to understand,
> be determined and adjusted in time,

» describe the relationship between the partici-
pant and the issue,

> not lead to incorrect answers,

> aim at complex references,

> avoid sophisticated law, medical, psychologi-
cal, motivation, terminology, vernacular and
jargon,

> be adjusted in terms of complexity [16].

The interview procedure should be based
on one of the commonly applicable techniques,
such as CQT (Control Questions Test), GKT
(Guilty Knowledge Test) or CIT (Concealed Infor-

Question type Abbreviation Description Example
Irrelevant Questions 1Q The questions are not case-specific, aim to Is it currently the year 2020?
identify the most common reactions during Is Anna your name?
the acquaintance test; serve to eliminate
stress and orientate the responses
Relevant Questions RQ The questions pertain only to the investigated Did you steal the jewellery?
case and its circumstances Did you use a hammer to break the window?
Sacrifice Relevant ScR Usually asked as a first relevant questionto ~ Are you going to answer the questions
Questions determine the intention of telling the truth concerning the case precisely and
accurately?
Control Questions ca The questions address similar situations and  Had you stolen anything before turning 18?
cases as that under investigation
Probable Lie PLC A question in response to which the Did you ever lie in the first 20 years of your
Comparisons participant is likely to lie life?
Questions
Exclusive question C(ex) The question which does not overlap the time  Have you been to this place during your
and/or case under investigation studies?
Inclusive question C(in) The question generally addresses the main Have you ever stolen anything from the

case, but does not ask about it directly
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mation Test) and can follow protocols such as Force) etc. (Table 3) [16]. The general principle of
the US Federal You-Phase, ZCT (Zone Compari- each protocol is to randomize the questions and
son Test), Utah ZCT (Utah Zone Comparison to mix them in order to create the most unique
Test), Utah ZTC DLC (Utah Zone Comparison combination, thereby allowing the detection of
Test Directed-Lie Test), USAF (United States Air alie[16].

Types of questions

a.lrrelevant a.Relevant s a.Control
Questions (1Q) Questions (RQ) Re!eva nt Questions (CQ)
Questions {ScR)

a.Probable Lie
— Comparison
Questions (PLC)

| a.Neutral
Questions (NQ)

a.Directed Lie
— Comparison
Questions (DLC)

| a.ntroductory
Questions

a.Exclusive
—  Questions

(Clex))

| a.nclusive
Questions (C(in))

Figure 3. The categorisation of questions

Table 3. The types of questions used in the different protocols [16].

Protocol type Question series Question Set
Utah ZTC Series | I', ScR? N13,C1*, R1°,N2, C2, R2, N3, C3, R3
Series Il I, ScR, N2, C3, R2, N3, C1, R3, N1, C2, R1
Series llI I, ScR, N3, C2, R3, N1, C3, R1, N2, C1, R2
Federal ZCT Series | N1, ScR, $°1, C1, R1, C2, R2, S2, C3, R3
You-Phase (Bi-Zone)  Series | N1, ScR, S1, C1,R1,C2,R2, C3, S2
USAF MGQT Series | N1, ScR, C1, R1,C2, R2, C3, (R3, C16, R4)
(option )
Series | N1, ScR, C1, R1, R2, C2, (R3, C3, R4, R5, C4,)
(option 11
Utah MGQT Series | I, ScR, N1, C1,R1, R2, C2, N2 (optional), R3, R4, C3, N3
DLST (TES) Series | N1, N2, ScR, C1,R1, R2, C2, R1,R2, C1,R1,R2, C2
LEPET Series | N1, ScR, C1,R1, C2, N2, R2, C3, R3, C4, R4, C5
Series Il N1, ScR, C1, R1, C2, R2, N2, C3, R3, C4
Series Il N1, ScR, C1, R1, C2, R2, C3, R3, C4, R4, C5
(deepen)
IZCT Series | NT, 21, ScR3, 4N, C(ex)5’, R6, N7, 8C(in)®, R9, N10, C11, R12, Cm°13
1. Introductory question e.g.: Do you understand that in the test | am going to ask only about the case we have talked
about?

2. Sacrificed relevant question e.g.: Are you going to answer the questions concerning the case precisely and accurately?
3. Neutral question e.g., Is it currently the year 2020?

4. Comparison question e.g., Had you stolen anything before turning 18?

5. Relevant question e.g., Did you use a hammer to hit the man?

6. Symptomatic question e.g., Are you afraid that | will ask you about something else than the investigated case, even though
| promised that | would only ask you about it?

7. Exclusive question e.g., Did you steal food while studying at the university?

8. Inclusive question e.g., Have you ever stolen anything?
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The final talk
The test should be completed with the final talk,
during which the participant is notinformed about
the results, rather reassured about the validity of
all the steps.

Data analyses and opinion

The polygraph expert does not provide their eval-
uation directly after the test since the polygrams
need to be assessed taking into consideration
the pre-interview results, as well as the person-
al and case background information. It is crucial,
due to the fact that a purposefully non-coopera-
tive (PNC) person may try to restrict their physio-
logical reactions [16]. There are numerous guide-
lines dedicated to polygraph data analyses. The
ones currently used by licensed professionals are
based on the scientific, physiological, psycholog-
ical, neurophysiological and psychophysiological
approaches, as well as the decision theory and
signals reception theory [16]. On the basis of the
physiological parameters, the data collected dur-
ing the polygraph are taken into account when
evaluating the polygrams and assessed based on
numerical scales, that is, each relevant question
is assigned a specific numerical value. Subse-
quently, the results obtained for the physiologi-
cal responses recorded for the relevant questions
are compared with the control questions. Each
measured physiological parameter is evaluated
separately.

The most objective visual analysis method
of the test data in polygraphy research is the
numerical analysis according to the Empiri-
cal Scoring System (ESS). It is used in the com-
parative questioning techniques (CQT) and the
CIT test. The ESS analysis uses a 3-point rating
scale in the range: +1, 0, -1 with the exception of
the electrodermal activity (EDA) sensor, which is
assigned values in the range of: +2, 0, -2 [21-27].
On the basis of the empirical research, the fol-
lowing diagnostic conditions are distinguished
for individual recording channels: pneumo, EDA /
GSR, cardio, PLE / PPG. The established decision
thresholds are applied after numerical scores
are assigned to the response records to the criti-
cal questions. In turn, test scores are calculated
according to the abovementioned scores — in
(-1)-0-1 scale for minor sensors and (-2)-0-2 for
major, where (-2) means lie, 0 non-deciding and 2
truth answers. Then, after summing up, the per-
centage of the answers considered to be true can
be obtained.

Archiving of results, notes, any created papers
and complete documentation of the procedure
should be conducted according to the national
and international law, e.g. Polish national law and
the European Directive (EU) 2016/680 of the Euro-
pean Parliament and the Council of 27™ April 2016
[28] protects natural persons concerning the pro-
cessing of personal data by competent authori-
ties for the prevention, investigation, detection or
prosecution of criminal offences or the execution
of criminal penalties, and the free movement of
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Figure 4. An example of a 5-channel polygram obtained by CPSpro - Stoelting
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such data, and the repealing Council Framework
Decision 2008/977/JHA.

Conclusions

The polygraph test procedure is based on the prep-
aration of relatively simple questions in a mod-
erately complicated protocol, which are asked
in a strictly defined order, with a simultaneous
measurement of the physiological reactions and
responses in order to detect lies, or establish the
objective truth. Polygraph procedures can be used
for various purposes in different scientific areas,
such as forensics, law, medicine or biotechnolo-
gy, from finding an error to assessing honesty and
truthfulness in the recruitment process, employee
validation or a private loyalty manner. Since differ-
ent polygraph procedures are required depending
on the intended application, it is essential to con-
sider the merits according to the polygraph tech-
niques, protocols, validation tests, approaches and
the situation. There are different ways to conduct
the procedure and it will mainly depend on the
issue and the person under investigation, as well
as on the expert's preferences. Polygraphic anal-
ysis can be used not only to reveal the truth and
lies, but they also provide significant insights with
regard to stress and memory, due to a thorough
analysis of bot the physiological parameters and
the action of the autonomic nervous system. In
addition, in terms of the diagnostics and person-
alization of therapy, particularly pharmacotherapy,
polygraph tests allow to precisely determine the
dosage on the basis of reliable effects of the thera-
py. It should be emphasized that the application of
the polygraph in medicine and science will facili-
tate the introduction of a completely new quality
also in the field of medical questionnaire research.
According to our knowledge, the verification of the
patient's declared data by means of physiological
signals, regulated by the autonomic nervous sys-
tem, would be a neurophysiological "authorization”
of the patient's declaration of reliability. In this
context, the polygraph may become a handy tool
supporting the credibility of medical data [29-32].
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ABSTRACT

This review was designed to discuss the rare occurrence of diabetes mellitus (DM) in patients with sickle
cell anaemia (SCA) with a particular focus on factors, such as life expectancy, body weight, chronic inflam-
mation, insulin resistance, glucose buffering property of haemoglobin, and microRNAs (miRNAs), aiming to
stimulate research which will fill the existing knowledge gaps regarding the interplay between SCA and DM.
Additionally, possible pharmacotherapeutic approaches to DM were also highlighted in the review. Goog-
le Scholar and PubMed search engines were used to search for the relevant keywords, such as sickle cell
trait, sickle cell disease, sickle cell anaemia, insulin resistance, and diabetes mellitus. SCA patients appear
to have B-cell dysfunction with a reduced insulin secretion, but present a similar insulin sensitivity status
as other patients without haemoglobinopathy. Glucose buffering property of haemoglobin and the possi-
ble DM-protective roles of miRNAs in the sickled erythrocytes constitute some of the potential factors pro-
tecting SCA patients from developing DM. Sickle cell anaemia is associated with several complications and
endocrinopathies, nevertheless, its coexistence with DM continues to be a rare observation. Proper elucida-
tion of the mechanisms which seemingly confer ‘protection' against DM in patients with SCA may provide
some therapeutic insights regarding DM.
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Introduction

Diabetes mellitus (DM) is a group of metabolic dis-
eases with hyperglycaemia as its main feature.
Generally, DM can be classified into the following
categories; type 1 DM (T1DM), type 2 DM (T2DM),
gestational DM (GDM) as well as specific types of
DM due to other causes [1]. Of all the types of DM,
T2DM constitutes about 90 to 95% with the disease
estimated to affect over 350 million people in 2030
[2]. Despite this global epidemic of T2DM, individu-
als with sickle cell anaemia (SCA) seem to present
some form of protection against the disease [3].

Sickle cell disease (SCD) is a Mendelian
genetic disease encompassing a wide spec-
trum of disorders [4]. Its most common form is
the homozygous HbS, referred to as sickle cell
anaemia (SCA). SCA results from a single nucle-
otide substitution in the DNA of adenine (A) with
thymine (T) at codon 6 of the beta-globin gene
on chromosome 11. This substitution causes
a point mutation, with hydrophobic valine replac-
ing hydrophilic glutamic acid in the polypeptide
of the beta-globin chain of haemoglobin [5-7].
The combination of two normal alpha-globins
and two mutant beta-globins forms haemoglobin
S (HbS) which polymerizes upon deoxygenation.
The monomers aggregate into multiple polymer
bundles (rod-like structure) which subsequent-
ly lead to red cells deformation from the normal
biconcave structures into the sickle shape [6].

Generally, SCA is characterized by haemolytic
anaemia, acute and chronic tissue ischaemia (as
a result of intermittent occlusion of small ves-
sels) and organ dysfunctions, including endo-
crine dysfunction/metabolic disorders, such as
osteopenia, hypogonadism, carbohydrate intoler-
ance, and primary hypothyroidism [8-12].

Sickle cell anaemia and diabetes
mellitus — epidemiology

Despite the established association between SCA
and endocrine organs dysfunction, the co-exis-
tence of SCA and diabetes mellitus (DM) remains
rare [3, 13]. Although the number of people with
type 2 DM and sickle cell trait (SCT), a heterozy-
gous form of sickle cell disease, is increasing [14],
T2DM rarely develops in individuals with SCA.
The infrequent concomitance of the two diseas-
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es prompts the belief that SCA may have some
protective effects on the development of DM [15].
This protective effect is unexpected as SCA-as-
sociated chronic inflammation [16], defective
lipid metabolism [17], oxidative stress [18] and
endocrinopathies [10] resulting from iron over-
load (since blood transfusions are a major form
of treatment in patients with SCA) are significant
harbingers of insulin resistance (IR) and T2DM.

Zhou et al. [19] demonstrated that the preva-
lence of T2DM in SCD patients is comparable to the
prevalence of T2DM among the African-American
population in the US. They reported that the unad-
justed prevalence rates of T2DM in SCD popula-
tion of 7,070 adults increased from 9.8% in 2009 to
11.8%in 2014 resultingina 0.2% - 0.5% year-to-year
change; however, when age-and sex-standard-
ized, the prevalence increased from 15.7% in 2009
to 16.5% in 2014. Furthermore, Skinner et al. [20]
reported that SCT could increase the risk of devel-
opment of T2DM-related complications, including
retinopathy, nephropathy and hypertension.

Although the report of Zhou et al. [19] indicat-
ed an increasing trend in the prevalence of T2DM
in SCD patients, no stratification of the glycaemic
status was observed, based on the type of SCD,
also referred to as SCA (HbSS), or other milder
forms of SCD (HbSC, HbSD, HbSE and HbSO).
Regardless of this report, the numerous avail-
able reports still indicate that the co-existence of
T2DM and SCA is uncommon [3, 13]

In 1979, a study by Morrison et al. [21] failed
to detect a single case of DM in 711 patients
with SCA. In 1987, the co-existence of the two
diseases was reported in 2 pregnant women
(GDM in SCA patients) [22]. In fact, in 2006, the
report from a multi-centre study of Iron Overload
demonstrated that DM affects only about 2% of
patients with SCA, and that transfusion duration
was strongly associated with T2DM [23].

In Nigeria, a survey conducted by Reid et al.
[24] failed to identify a single patient suffering from
the two diseases simultaneously. However, in the
same country in 1990 the first case of SCA and DM
co-existence was reported [25]. This was followed,
in the same year, by the report of Adekile and Jeg-
ende [26] which showed the co-existence of type 1
DM (T1DM) and SCA in a 10-year old child.

These earlier reports were corroborated by
a few recent reports documenting the rare co-ex-
istence of the two diseases [15, 27-29]. Recently,



Prusty et al. [13] have reported a prevalence of
1.46% in 137 patients with SCA. Similarly, Jang et
al. [3] concluded that chances of developing obe-
sity and diabetes over a lifetime in patients with
SCD were low. Therefore, the question remains
whether it can be argued that SCA is protective
against DM. Nevertheless, addressing this issue is
currently being investigated through a number of
factors which have not been well explored to date.

Underestimation of DM
in SCA patients

Glycated haemoglobin (HbA1c), formed when glu-
cose binds specifically to the N-terminal valine
of the haemoglobin B chain, is widely used in
the screening, diagnosis and monitoring of DM
[30]. However, it is well established that HbAlc
tests are influenced by conditions affecting both
erythrocytes lifespan and by hemoglobinopathies
[31, 32]. Thus, discrepancies may occur between
HbAlc values and the true clinical situations of
the patients [33].

The reliability of HbAlc test is impaired by
haemoglobinopathies, as the normal process
of non-enzymatic glycation of HbA to HbAlc is
impaired. HbAlc estimation using immunoas-
say and HPLC methods is interfered with by HbS,
although it can be measured optimally using
enzymatic assays and capillary electrophoresis
[33—35]. Alternatively, measurement of non-tra-
ditional glucose control markers (albeit their limi-
tations and poor diagnostic guidelines), such as
fructosamine, glycated albumin, 1,5-anhydrog-
lucitol, could provide the necessary data [14, 36,
37]. Therefore, it must be taken into consider-
ation that HbAlc measurement alone (depend-
ing on the methodology), without blood glucose
estimation, may not be sufficient for the diagno-
sis of pre-diabetes or diabetes in SCA individuals
[14, 38]. In fact, the report of Mohamed et al. [15]
demonstrated that most studies reporting a low
prevalence of DM in SCA patients did not include
the abovementioned unreliability of HbATlc tests.

Life expectancy

Reduced life expectancy was initially believed to
account partly for the absence, or low prevalence

of T2DM, in patients with SCA. This resulted
from the observation that most patients suffer-
ing from SCA present a shorter life span [39] and
would not live long enough to develop T2DM the
risk of which increases with age. This assump-
tion is presently being challenged by the emerg-
ing reports which show that the life span of SCA
patients with SCA have now have improved. This
longevity observed in SCA could, in turn, be large-
ly attributed to the treatment advances, such as
immunization, stroke prevention, chronic blood
transfusion, as well as healthy lifestyle, strong
compliance to the treatment regimens, great-
er family support, stem cell transplantation and
gene therapy [40-42].

Insulin resistance (IR) in patients
with sickle cell anaemia

Insulin is an anabolic hormone with a number of
classic and novel biologic effects. Impairment
in all, or some of the effects mentioned above
results in IR [43—45]. The complexity of IR is enor-
mous, since it can result from various abnormali-
ties, including defects in insulin receptor and its
signal proteins [46].

Different attempts have been made to inves-
tigate the relationship between IR and SCD.
Alsultan et al. [47] reported that the level of an
IR index, i.e. the homeostasis model assessment
of insulin resistance (HOMA-IR), was signifi-
cantly elevated in patients with SCA. In contrast,
the findings included in the report are in opposi-
tion to the earlier report of ter Maaten et al. [48]
which indicated that the insulin sensitivity status
in patients with SCA and in the controls was com-
parable. However, our reports [16, 49] and that
of Yavropoulou et al. [50] corroborate the report
of ter Maaten et al. [48] demonstrating that
patients with SCA have similar insulin sensitivity
status as controls, but appear to present a B-cell
dysfunction with a reduced insulin secretion.
These observations indicate that patients with
SCA may not be more predisposed to developing
T2DM, despite the associated chronic inflamma-
tion. Although reasons for this observation are
still poorly understood, compensatory hemody-
namic state, which is characterized by vasodila-
tion, could account for the comparable insulin
sensitivity status [48].
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Body weight

In general, overweight and obesity are not com-
monly associated with SCA, as it is more linked
with stunting and wasting [42]. This is partly due to
a high resting metabolic demands, reduced intake
of nutrients, which may result from a reduced
appetite, recurring illness and hospitalization, as
well as chronic inflammation [16, 51, 52]. However,
certain reports have shown that overweight and
obesity may be present in terms of this disease,
and are becoming prevalent among children and
adults suffering from SCA [62-55]. This is believed
to berelated to exercise intolerance, physical inca-
pacity due to sickle cell-related complications, or
medical conservatism [53].

The global epidemic of obesity continues to
fuel the rising incidence and prevalence of T2DM.
Although not all individuals with obesity develop
T2DM, the links between excess body weight and
T2DM have been well established [56]. The inex-
tricable links involve pro-inflammation, impaired
fatty acid metabolism and dysfunction of cellu-
lar processes including endoplasmic reticulum
stress and mitochondrial dysfunction [57].

These complex factors induce insulin resis-
tance and failure of B-cell consistent with exten-
sive metabolic interplay between the hypothala-
mus, adipose tissue, pancreas, liver and the skel-
etal muscles [56, 58-60].

Despite the association between obesity and
T2DM, new reports are not yet available indicat-
ing that the claimed increase in the incidence
and prevalence of excess body weight in SCA
individuals facilitates a rise in the incidence and
prevalence of T2DM in this group. Therefore, it is
important to consider whether the mechanisms
of interaction between obesity and T2DM in peo-
ple with SCA differ from those in people with-
out SCA? This may not be entirely true as SCA is
characterized by chronic inflammation which is
also a key factor in the pathogenesis of T2DM.

Chronic inflammation,
sickle cell anaemia and
type 2 diabetes mellitus

Inflammation is a complex physiological
response of an organism to harmful stimuli, such
as pathogens and damaged/necrotic tissues in
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order to re-establish homeostasis. It involves the
synchronization of activities of many cell types
and mediators the response of which depends on
the nature of the initial stimulus [61, 62]. Reports
have shown that an elevation in inflammatory
markers, such as tumour necrosis factor-alpha
(TNF-a) and C-reactive protein (CRP), is common-
ly observed in patients with SCA even in steady
state. Thus, chronic inflammation is considered
a prominent feature of SCA [15, 51, 63, 64].

The interplay between inflammation and IR/
T2DM has been well recognized [65, 66]. Adipo-
cytes and adipose tissue infiltrating macrophages
release a number of pro-inflammatory cytokines
and chemokines, including as interleukin-6 (IL-6),
interleukin-1 beta (IL-1B) and TNF-a. These cytok-
ines exert paracrine effects on insulin target cells
to activate inflammatory pathways resulting in the
activation of Jun N-terminal kinase (JNK), inhibi-
tor of kB kinase (IKK-B) and other serine kinases.
In turn, these kinases phosphorylate insulin recep-
tors, insulin receptors substrate-1 (IRS-1) and other
insulin signalling molecules on serine (rather than
the normal tyrosine phosphorylation) thereby dis-
rupting the downstream insulin signalling cascades,
which consequently results in cellular insulin resis-
tance [67, 68]. Although cytokines usually mediate
IR via local paracrine effects, some studies indicate
that the tissue cytokines may escape into the cir-
culation and exert endocrine effects by impairing
insulin sensitivity in the distal tissues [69].

Inflammation induction in patients with SCA is
principally, not adipocentric. Some factors, such
as endothelial and coagulation activation, as
well as oxidative damage in the cell membrane,
which are induced by the SCA-associated intra-
cellular haemoglobin polymerization, have been
identified as inflammation inducers [51, 70-72].
Although SCA-associated inflammation is not
adipocyte dependent, the possibility of IR induc-
tion by cytokines which escaped into the circula-
tion (as found in obesity-inflammation-IR inter-
play) suggests that SCA-associated inflamma-
tory mediators could also have some IR inducing
properties. This issue could even be exacerbated
by the emerging reports of overweight and obe-
sity in patients with SCA. Surprisingly, SCA-as-
sociated inflammation does not seem to induce
IR development as obesity-associated inflam-
mation. This conclusion is supported by reports
demonstrating that IR may not be a common



feature in patients with SCA [16, 49, 50]. More-
over, they indicate that there is a need for more
research which will further investigate the seem-
ingly metabolic-quiescent nature of inflamma-
tion in SCA, which subsequently could become
a potential pharmacotherapeutic approach.

Abnormal haemoglobin as
a blood glucose buffer

Abnormal haemoglobins may possess an
increased blood glucose buffering capacity [73].
It was shown in an in vitro study that abnormal
haemoglobins can serve as glucose buffer, hence,
averting hyperglycemia, as well as its associated
complications [74]. This observation is further
supported by Al Harbi et al. [73] who demonstrat-
ed that patients with sickle cell trait (SCT) seem to
be protected against diabetic retinopathy develop-
ment and progression. Furthermore, they showed
that the SCT group presented a reduced preva-
lence of diabetic macular oedema (DME) and/or
proliferative diabetic retinopathy (PDR) compared
with individuals with normal haemoglobin. Addi-
tionally, they also showed that the absence of SCT
and a longer duration of DM independently pre-
dicted PDR and/or DME compared to hyperten-
sion, nephropathy or diabetes duration.

The possible underlying explanation for this
apparent glucose-buffering property of abnormal
Hb is that abnormal Hb may exhibit dissimilar
biological properties when glucose-bound. Their
poor stability when glucose-bound, could acti-
vate diverse biological activities which may be
protective in terms of the development of hyper-
glycaemia and its associated complications [74].
Since Hb in SCA is less stable than Hb in SCT, it
could thus be inferred that Hb in SCA may have
more glucose-buffering property and this may be
one of the mechanisms explaining the rare coex-
istence of SCA and DM. Therefore, once it is prop-
erly understood, this novel blood glucose-buffer-
ing property could be further explored as a phar-
macotherapic approach for DM [73].

microRNAs (miRNAs)

miRNAs are 22-nucleotides containing non-cod-
ing RNAs presenting hormone-like activities, as

well as regulating the activity of host cells. Most
miRNAs are processed into precursor miRNAs
and mature miRNAs after the initial transcrip-
tion of DNA sequences into primary miRNAs
[75" The inhibition of gene expression by miR-
NAs has been well established. For instance, low
molecular weight miRNA-induced silencing com-
plex (miRISC) can induce nuclear degradation
of mRNA by interacting with mRNAs within the
nucleus [76, 77].

Although data on the mechanisms through
which sickled erythrocytes offer protection
against DM is scare, it is speculated that miRNAs
in the sickled erythrocytes could block mRNA
translation of the antibodies which results in the
autoimmune destruction of the pancreas [78].
This, in fact, could be a major factor accounting
for the rare coexistence of SCA and T1DM.

The DM-protective role of miRNAs in indi-
viduals with abnormal haemoglobin could be
associated with the protective advantage of SCD
against malaria. LaMonte et al. [79] showed
that the translocation of sickle cell erythrocyte
microRNAs into plasmodium inhibits ribosomal
loading, which results in the translational inhi-
bition of parasitic growth proteins resulting in
impaired growth of Plasmodium falciparum. This
role of miRNAs in DM protection should also be
further explored as a pharmacotherapy option
with regard to DM.

In addition, the beta-globin gene and insu-
lin gene have been mapped to the short arm of
human chromosome 11 [80]. However, the pos-
sible inhibitory effect between the genetic loci of
insulin and beta-globin gene is presently poorly
understood, and thus could be further investigat-
ed in order to gain more insight into the interplay
between SCD and DM [78].

Conclusion

Sickle cell anaemia is associated with several
complications and endocrinopathies, although
its coexistence with DM continues to be rare-
ly observed. This unexpected particular form of
‘protection’ against DM represents a clinical puz-
zle which requires further scientific clarification,
whereas its understanding might provide some
therapeutic insights for DM.
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ABSTRACT

Aim. The aim of this paper is to analyse and review the currently available evidence and research with regard
to allergy to the iodinated contrast media, which still remains an important, albeit rare, clinical complication.
Material and Methods. We performed our research using the PubMed search engine provided by the Nation-
al Centre for Biotechnology Information, having inserted 'iodinated contrast media’, ‘allergy’, ‘adverse reac-
tions' as the keywords.

Results. Even though the modern iodinated contrast media are much safer than those used in the past,
adverse reactions still occur in up to 1-3% of patients undergoing radiological procedures. Their range var-
ies from skin changes, such as a macular rash, prurigo or urticarial, to the more severe multisystemic reac-
tions including anaphylactic shock. The underlying mechanisms are still investigated and are not fully com-
prehended, although the most frequently accepted explanations include a systemic inflammatory reaction
associated with increased histamine and tryptase levels, activation of memory T cells and both direct and
indirect damage to the vascular epithelium. The significance of classic allergy tests has not yet been fully
established. The associated known risk factors are of various character and researchers have come with dif-
ferent, occasionally contradicting results regarding patients' age and gender, however, other factors have
been more clearly described, and include concomitant conditions and medications.

Conclusions. The aforementioned data emphasizes the importance of clinical aspects of allergy to the iodi-
nated contrast media for every practicing physician, as more and more medical specialties benefit from the
advantages of modern vascular imaging.

Journal of Medical Science 2022;91(1) 55



56

Introduction

The discovery of electromagnetic radiation with
the length of 0.01-0.05 nm (Roentgen rays) in
1895 allowed their use in medical diagnostics.
X-rays initially proved to be applicable primarily
in diagnosing bone diseases, whereas the dif-
ferences in their absorption by soft tissues were
frequently too small to show particular lesions.
Therefore, shading agents were introduced
in order to properly visualise the pathology of
organs in the imaging of the digestive system,
circulatory system or urinary tract.

ICMs (iodinated contrast media) are high-
ly concentrated solutions with a low molecular
weight. The intravenous contrast media typical-
ly contain 270 to 370 mg of iodine/ml, and their
doses range from 50 to 150 ml in adults. In fact, it
is believed that chemical compounds containing
elements with an atomic number of 50-60 are
best suited for X-ray diagnostics. The substanc-
es which are mostly used nowadays are present-
ed in Table 1 [1].

Contrast media diffuse rapidly and approxi-
mately 70% of the administered dose disappears
from plasma within 2—5 minutes after injection.
These compounds are eliminated mainly via
glomerular filtration (90% of the dose present in
urine after 24 hours). Furthermore, the degree of
protein binding is small (1-3%), non-specific and
applies to water-soluble agents [2-5].

Currently, mostly iodine- and gadolinium
based contrast agents are used in modern radiol-
ogy. lodine-based media can be divided accord-
ing to their osmolarity (hiper-, izo- and hipo-),
ionicity (ionic and non-ionic), as well as to the
number of benzene rings (monomer and dim-
er). Nevertheless, the safest media are mostly
non-ionic and either hypo- or isotonic, as they

show significantly less adverse reactions in com-
parison to their hipertonic counterparts. Nowa-
days, more than 600 million radiological exami-
nations are currently performed annually world-
wide, out of which 40-70 million require the use
of various contrast media.

Material and Methods

We performed our research using the PubMed
search engine provided by the National Centre for
Biotechnology Information, having inserted ‘iodi-
nated contrast media’, ‘allergy’, ‘adverse reac-
tions' as the keywords.

Epidemiology of
hypersensitivity to ICMs

Extensive research conducted in the 1980s allowed
to assess the incidence of mild, immediate reac-
tions in 3.8-12.7% of patients receiving high osmo-
lality, ionic ICM injections, as well as in 0.7-3.1% of
patients receiving low osmolality nonionic ICMs.
As a result, the incidence of serious immediate
adverse reactions was estimated at 0.1-0.4% for
ionic ICMs and 0.02-0.04% for non-ionic ICMs. The
mortality rate is 1 in 100,000 contrast-enhanced
examinations, and in spite of the generally higher
intensity of response to the ionic agents as com-
pared to the non-ionic ones, it is not statistically
significantly different for both ICM groups [2].

The incidence assessment of delayed adverse
reactions is slightly more difficult, as indicated by
a large discrepancy in the obtained percentages:
0.5-23%. If different, frequently uncharacteristic,
adverse reactions occur hours or even days fol-
lowing the diagnostic procedure using ICM, the

Table 1. Osmolality, iodine ratio and iodine content in the iodinated contrast agents [1]

Name Type Osmolality lodine ratio  lodine content [mg/ml]
[mOsm/kg H,0]
metrizoate 370 (Isopaque) ionic monomer 2100 0.5 370
diatrizoate (Renografin) ionic monomer 1570 0.5 300
iopromide 370 (Ultravist) non-ionic monomer 774 3.0 370
iohexol 300 (Omnipaque) ~ non-ionic monomer 672 3.0 300
iomeprol 350 (lomeron) non-ionic monomer 618 3.0 350
iohexol 240 (Omnipaque) non-ionic monomer 518 3.0 240
iodixanol 320 (Visipaque) non-ionic dimer 290 6.0 320

lodine ratio: ratio of iodine atoms to particles in solution; Serum osmolality: 285-295 mOsm/kg
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actual assessment of a cause-and-effect rela-

tionship may pose some difficulty. According to

the majority of researchers, such skin lesions in
the form of various types of rash clearly suggest
the relationship with exposure to ICMs, and their

incidence is estimated at 1-3%.

The risk factors for hypersensitivity to ICMs
are varied. In fact, the occurrence of an adverse
reaction after the exposure to contrast medium in
the past is considered to be the most vital pre-
disposing factor. Moreover, it is estimated that
administering the same or a similar ionic ICM to
such a patient involves a risk of reacting again
in 21-60% (according to some studies 16—44%)
cases, whereas if a person receives a non-ionic
agent, the risk of an adverse reaction decreases
nearly tenfold. Other risk factors for an immedi-
ate reaction include:
> history of allergy: the most serious risk factor

in this group is asthma [2, 6-8];
> female gender: an ambiguous and discussed

risk factor — according to some reports impor-

tant for anaphylactoid reactions, according

to other reports — for delayed reactions [2, 3,

5-7,9];

» race: British studies indicate a significantly
higher risk of ICM hypersensitivity in Indi-
ans compared to the inhabitants of northern
Europe or Africa [9];

» age: literature data are inconclusive — Japa-
nese studies suggest higher incidence of
hypersensitivity in young individuals (20—29
years), while according to the British studies,
young adults are more likely to experience
adverse reactions of mild or moderate sever-
ity, whereas older age groups are more likely
to suffer severe reactions [6, 9];

> route of administration of the contrast medi-
um: risk factors are quite rarely analysed, how-
ever, the intravenous route appears to involve
a higher risk of adverse reactions in compari-
son to the intra-arterial administration [10];

> comorbidities: the major predisposing factors
include cardiovascular diseases (coronary
heart disease, rhythm disorders, cardiomyo-
pathies, pulmonary hypertension, hyperten-
sion, previous myocardial infarction), as well
as mastocytosis, accompanying viral infec-
tion on the day of exposure to ICM, and the
autoimmune diseases (e.g. systemic lupus
erythematosus) [2-9];

> concomitant medications: mainly beta-block-
ers (according to Lang D. et al. the increased
severity of anaphylaxis was observed in
patients receiving beta-blockers due to an
increased propensity to bronchospasm and
a decreased cardiac contractility with perpet-
uation of hypotension and bradycardia) [8].
Factors predisposing to the occurrence of
a delayed reaction to ICMs mainly comprise: an
adverse reaction to ICMs in the past, concomitant
recombinant IL-2 treatment (for instance, due to
metastatic renal cell carcinoma or melanoma),
elevated serum creatinine level (>2 mg/dL) and
a positive history of contact allergy [2, 3, 5-7].

Proposed mechanism of
hypersensitivity to ICMs

The main mediator involved in the etiopathogen-
esis of immediate adverse reactions appears to
be histamine, which fills the granules of mast
cells and basophilic granulocytes. The release
of the mediator probably occurs through 2 main
mechanisms: explosive degranulation associated
with the presence of allergen-specific IgE anti-
bodies, as well as through non-immunity reac-
tions (strictly dependent on the agent dose, to
which the cells are exposed). Furthermore, baso-
phils appear to have a greater tendency to release
mediators under the influence of non-specific
factors than tissue mast cells, whereas in the
course of reactions mediated by the elements of
the immune system, the simultaneous release of
histamine and tryptase occurs. In fact, basophils
and mast cells show differences in the content
of tryptase in granules (<0.05 pg/cell and 12-35
pg/cell, respectively). Determining plasma his-
tamine concentration shortly after the ICM reac-
tion allows to assess the degree of release of this
mediator in vivo, while the measurement of serum
tryptase concentration, if elevated, suggests the
stimulation of mast cells [11].

Early adverse reactions appear mostly 5-15
minutes after the administration, whereas delayed
ones — within 3 hours up to 2 days hereafter [2].

According to the Norwegian researchers, T
cells are actively involved in the pathomechanism
of at least some of the delayed ICM reactions. The
clinical picture of this type of reaction is charac-
teristic and includes primarily cases of maculo-
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papular skin changes. On the histopathological
examination of the skin sample taken from the site
where a positive skin test result was obtained with
ICM present, there is usually a rich inflammatory
infiltration present, consisting of lymphocytes and
acid-absorbing granulocytes, as well as features
of keratinocyte apoptosis. According to some
researchers, the evidence of a significant role of T
cells is the fact that adverse reactions to ICMs are
more frequent in patients previously treated with
IL-2 and in patients with systemic lupus erythe-
matosus. Therefore, it appears that these factors
may lower the lymphocyte activation threshold by
increasing cytokine production and stimulation
of monocytes. Moreover, the obtained positive
results of diagnostic tests, such as SPT (skin prick
test) and IDT (intradermal testing) with delayed
reading, frequently constitute an important evi-
dence of the contrast-specific T cells involvement
in the adverse. Itis also known that ICMs have the
ability to stimulate the proliferation of in vitro lym-
phocytes (obtained from patients with a history
of adverse reaction), and T-cell clones (CD4" and
CD8") specific to a particular causative ICM are
obtained from the cultures of these cells. In addi-
tion, in contrast to patients presenting symptoms
of immediate hypersensitivity to ICMs, patients
who have experienced a delayed reaction often
present reactivity not only to causative ICM in
the subsequent diagnosis, but also to many other
contrast agents, which results from the apparent
presence of T cells, characterised by a wide panel
of cross-reactivity [12-16].

A rare type of a delayed reaction to ICMs is
vasculitis. According to some researchers, the
essence of this phenomenon may be the induced
by ICM precipitation of the circulating immune
complexes present in the skin vessels. So far, it
has been impossible to obtain positive intrader-
mal tests with ICM, or to confirm the presence
of serum IgG and IgM antibodies showing affin-
ity for ICM molecules in patients presenting with
signs of vasculitis. Therefore, the abovemen-
tioned reaction mechanism requires further clari-
fication [16].

"It has been proven that T lymphocytes are
stimulated by increased IL-5 production, which
is a growth stimulating factor for acid-absorbing
granulocytes. Hence, in some patients eosino-
philia can be observed in blood samples, regard-
less of the coexisting symptoms [17, 18]".
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Literature reports dealing with the etiopatho-
genesis of adverse reactions following contrast
media are varied and often contradictory. The
controversy is particularly related to the path-
omechanism of immediate reactions. It is agreed
that these reactions are predominantly associ-
ated with the massive release of histamine and
other mediators from basophils and mast cells.
Nevertheless, the degranulation of these inflam-
matory cells may be the result of various factors:
direct membrane interaction of ICM (especially
if the osmolality of the compound is significant),
activation of the complement system, or it may
be associated with an IgE-dependent reaction [4,
20-24].

Some studies indicate that the majority of
adverse reactions to ICM, in particular those
of minor severity, may be related to the direct,
non-specific effects of ICM molecules. On the
other hand, in more severe cases, which occur
less frequently, the involvement of an immedi-
ate mechanism with IgE antibodies is suspected.
However, many authors have long (1950s) denied
the inducing effect of ICMs on the production of
IgE class antigen-specific antibodies. There are
many arguments against it, including the fact
that ICMs are not bound by plasma and tissue
proteins, and the likelihood of these compounds
forming complete protein-hapten conjugates
is very low. Moreover, the occurrence of hyper-
sensitivity to ICM at its first application in some
patients is also puzzling [6, 17, 25].

In contrast, only a few studies have been able
to confirm the presence of serum IgE class anti-
gen-specific antibodies with reference to ICM
molecules. In patients with a history of early,
severe ICM reaction, some authors observed the
coexistence of the elevated circulating histamine
and tryptase, positive skin tests, and detect-
able serum IgE antigen-specific antibodies with
respect to the causative contrast medium. This,
in turn, with some additional elements of medi-
cal history (greater severity of the reaction upon
re-exposure and failure of the premedication
used) is characteristic of IgE-weighted reaction.
According to Gell and Coombs, the mechanism of
| hypersensitivity reactions may also be support-
ed in some cases by the correlation of the hista-
mine release rate with the severity of the adverse
reaction and a similar rate of recurrence of ICM
reactions after previous exposure, as in patients



presenting with symptoms of IgE-dependent
allergy to the venom of Hymenoptera insects,
who were subjected to a provocation test with an
allergen (39%). However, it should be emphasised
that the percentage of patients who did not show
a reaction to ICM at the first administration, but
reacted with symptoms of hypersensitivity at the
subsequent exposure, is estimated at about 21%
[4,6,17 21-23, 26, 27].

The relatively frequent phenomenon of hyper-
sensitivity to ICMs following the first administra-
tion in individuals previously not exposed to con-
trast agents, still remains unexplained. It seems
that, in this case, ICMs do not elicit an initial
immune reaction, but instead interact with the
easily activated memory T lymphocytes, which
possess matched receptors. However, the time for
an adverse reaction to occur will depend on the
individual number of such cells in each patient.
Furthermore, some researchers also suggest the
possibility of earlier sensitization of the patient
to compounds resembling the ICM molecule,
for instance halogen derivatives of the benzene
ring present in food additives (e.g. erythrosine —
a cherry-red food dye), pesticides and herbicides;
nevertheless, the initially published observations
were not supported by further research [2, 3, 5].

There are a few literature reports relating to the
described aspects. In fact, Stellato et al. [28] eval-
uated in vitro the degree of histamine, tryptase
and prostaglandin D2 and C4 leukotriene released
from human mast cells from the lungs, skin and
heart muscle. The authors emphasise the hetero-
geneity of the reactivity of cells with various ori-
gins (for instance, pulmonary mast cells, but not
skin mast cells, were degranulated when exposed
to ioversol and ioxitalamic acid). Moreover, an
important factor favouring the release of media-
tors from basophilic granulocytes was the hyper-
osmolarity of ICM, whereas for mast cells such
a clear relationship was not found.

Peachell and Morcos [29] observed the in vitro
release of histamine from basophils, pulmonary
mast cells and cutaneous mast cells from healthy
volunteers following various ICM, with a signifi-
cant positive correlation with the osmolality of
ICM, the dose of the agent, and the ICM expo-
sure duration. Thus, it also appears that stron-
ger degranulation of these cells occurs under the
influence of ICM with a greater chemical com-
plexity of the molecule.

In a recently published critical analysis of the
effects of in vitro coronary angiography, Mansi
[30] have emphasised that this is undoubtedly an
invasive procedure, as a result of which there is
a direct nonphysiological contact of the ICM solu-
tion with the vascular endothelium, In addition,
foreign bodies in the form of polyurethane or poly-
ethylene catheters also have a directimpact on the
endothelium. Transient replacement of blood by
ICM may result in a decrease of NO production in
response to the mechanical stimuli and vasodila-
tion, but also to an P-selectin expression increase
within the endothelium, as well as to an increase
in leukocyte adhesion, as well as an increase in
the concentration of post-inflammatory cytokines
(TNF-a). Intravenous administration of ICM has
affects the concentration of various vasoactive
substances: there is an increase in the release of
kallikrein, bradykinin, serotonin, leukotriene B4
and, particularly importantly, histamine. In addi-
tion, an increase in the concentration of C-reactive
protein, serum amyloid protein A (serum amyloid
protein A — SAA) and IL-6 is observed in patients
with unstable angina pectoris following coronary
artery imaging without any complications. There-
fore, it can be concluded that both mechanical
and chemical stimuli acting in the course of cor-
onary artery imaging with the use of ICM elicit
a transient inflammatory reaction. According to
the author, although millions of coronary angi-
ography procedures are performed annually with
a low rate of acute complications, it is also crucial
to address the possible distant effects of intense
release and interaction of non-inflammatory sub-
stances, depending on the initial degree of activa-
tion of the immune system. In fact, it is possible
that subsequent coronary angiography proce-
dures have a post-inflammatory effect, contribut-
ing to the progression of coronary artery athero-
sclerosis. However, little is known regarding the
actual clinical implications of the described phe-
nomenon in relation to the subsequent adverse
hypersensitivity reactions to ICM.

It was found that mast cells constitute a cru-
cial element of the ongoing inflammatory process
within atherosclerotic plaques, in particular those
located in coronary vessels. The mast cell density
appears to be directly proportional to the severity
of the atherosclerotic process. In fact, mast cell
activation may be the result of complex interac-
tions with the associated lymphocytes and mac-
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rophages, and may also stem from stress. Fur-
thermore, some authors consider tryptase to be
a valuable screening marker for the risk of stable
angina pectoris in asymptomatic patients. It may
also serve as an exponent of the effectiveness of
drugs aimed at stabilising atherosclerotic plaque
in patients with the already diagnosed stable
angina pectoris.

Clinical signs of
hypersensitivity to ICMs

Depending on the responsible pathomecha-
nism, the clinical manifestation of adverse reac-
tions to ICMs is varied (Table 2). Immediate
hypersensitivity reactions represent the most
common (in nearly 70%) cause of urticaria and
angioedema, whereas in more severe cases the
symptoms affect the respiratory and cardiovas-
cular systems, and also include the anaphylac-
tic shock [2].

As mentioned above, delayed reactions are
mostly manifested by maculopapular skin lesions
(in more than 50% of cases), and the possible
symptoms of erythema, delayed urticaria, some-
times accompanied by scaling. Typically, these
reactions are self-limiting and not too severe,
although there are also reports in the literature
of severe SJS (Stevens-Johnson syndrome),
TEN-type (toxic epidermal necrolysis) reactions,
or vasculitis caused by ICM. Additionally, bipha-
sic reactions (signs of a delayed reaction with the
associated angioedema of the face) have also
been reported rarely.

It is also vital to note that other types of
adverse reactions to ICM may occur, which are
not directly related to the hypersensitivity, such
as induced hyperthyroidism [1].

Diagnostic procedures for the
suspected hypersensitivity to ICM

In 2005, researchers from the EAACI Interest
Group, dealing with medication hypersensitiv-
ity (ENDA — European Network on Drug Allergy),
developed a valuable set of recommendations
for patients diagnosed with hypersensitivity to
ICM [2]. It is known that the management will be
slightly different in relation to the acute reaction,
and other diagnostic elements will have to be tak-
en into account in the case of a delayed reaction.
A thorough interview allows for the preliminary
assessment of the nature of the reaction based
on the time since the intravenous ICM administra-
tion to the adverse reactions occurrence (imme-
diate reaction: up to 1 hour, delayed reaction from
1 hour to 7 days). Additionally, the Ring and Mess-
mer scale (1997) [24] is effective in the assess-
ment of the clinical condition in the course of an
acute reaction. On the other hand, the intensity of
a delayed reaction can be assessed on the basis
of the simple system proposed by ENDA (Table 3).
Further diagnostic procedures in adverse
reactions to ICM include:
> during or shortly after the reaction
— determination of histamine and tryptase
concentration levels — particularly useful
in immediate adverse reactions

Table 2. Clinical manifestation of hypersensitivity to ICMs, including imme-

diate and delayed reactions

Immediate reactions - Pruritus

- Urticaria and angioedema

- Sudden erythema (flush)

- Vomiting, diarrhoea

- Rhinitis/congested nose

- Voice alteration, cough

- Dyspnoea, tachycardia, arrhythmia, hypotension
- Shock, cardiopulmonary arrest

Delayed reactions - Pruritus

- Urticaria and angioedema

- Skin lesions: maculo-papular, spotty
- Stevens-Johnson Syndrome

- Lyell's syndrome

- Graft versus host reaction

- Vasculitis
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Table 3. Clinical assessment of a delayed adverse reaction to ICM

Reaction severity

Characteristics

Mild No treatment required

Moderate

There is a rapid improvement after the started treatment and there is no need for hospitalisation

Severe The reaction requires the patient to be hospitalised, is life-threatening or is the cause of death

— peripheral blood laboratory analyses of
renal and hepatic functions: it is crucial
to bear in mind that other organs apart
from the skin may become involved in the
adverse reaction

— assessment of the peripheral eosinophilia
using the Carpentier method [18, 19]

— assessmentof lymphocyte activation expo-
nents: CD25, CD69, HLA-DR (flow cytom-
etry) and determination of CD25 serum lev-
els (soluble IL-2 — IL-2sR receptor) involv-
ing the immunoenzymatic method, which-
are mainly used for scientific purposes

> after the period of remission

— skin prick tests with the undiluted contrast
medium

— intradermal tests with diluted ICM: 1:10,000
to 1:10 — for the immediate-type reactions

— epidermal patch tests with the undiluted
contrast medium — for the delayed-type
reaction

— determination of IgE antigen-specific
serum concentration: currently no com-
mercial kits for routine measurements are

Table 4. The proposed treatment for various forms of allergy to ICM

available and the effectiveness of the test
still requires assessment in further studies

— assessment of basophil activation: CAST
ELISA method showed an increased
release of cysteinyl leukotrienes both in
in vitro and in vivo by ICM in patients who
showed symptoms of an adverse reaction

— lymphocyte Transformation Test (LTT):
requires appropriate laboratory conditions
and experience (for a detailed descrip-
tion of the procedure, see the section on
the diagnosis); it is not used in the routine
clinical practice.

— provocative trials: in the 1970s, a pattern of
intravenous, gradual provocation was pro-
posed, consisting of 0.1 ml doses of subse-
quent ICM dilutions (starting from 1:10,000),
administered at a 15-minute interval until
a concentration of 1:1 was reached, then
applied in the volume of 1 and 5 ml; the tri-
al may be performed before a full dose of
ICM is administered to the patient, and is
definitely helpful in identifying patients at
risk of adverse reactions; however, it is very

Urticaria

Mild reaction (scattered or transient pattern)

No treatment

May consider: Diphenhydramine

25-50 mg p.o. Or other approved antihistamines

Fexofenadine

180 mg p.o.

Moderate and severe reactions

Monitoring vitals Preserving i.v. access

May consider: Diphenhydramine

25-50 mg p.o. /i.v. Or other approved antihistamines

Fexofenadine

180 mg p.o.

Diffuse erythema

Monitoring vitals Preserving i.v. access Oximetry Oxygen by mask (6-15 I/min)
Hypotension
L.v. fluids (0.9% NacL or Lactated Ringer's) 1,000 ml fast
Consider: Epinephrine (i.v) 0.1-1.0 mg
Epinephrine (i.m.) 0.3mg If iv. Access unavailable
Bronchospasm
Monitoring vitals Preserving i.v. access Oximetry Oxygen by mask (6-15 I/min)

Beta-agonist inhaler (i.e. salbutamol)

4-10 puffs (100 mcg/dose)

Or 2.5-5.0 mg using nebulizer
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time-consuming and therefore rarely use-
ful in the routine clinical practice.

Treatment

The treatment of allergic reactions following the
application of contrast media varies depending on
the clinical situation. To summarise it more clear-
ly, it has been presented in Table 4 [10, 26, 31].

Conclusions

1. The currently used non-ionic, low-osmolar
ICMs are characterised by high safety, and
rarely cause adverse reactions.

2. Multicentre studies are required to assess the
pathomechanism of adverse reactions to ICM,
as well as to assess the value of diagnostic
tests. An adequate number of patients needs
to be analysed.

3. In patients presenting with symptoms of an
adverse reaction of mild severity, skin tests
performed during the remission period are
often negative and do not account for an
unambiguous inference of the IgE-dependent
mechanism of the immediate reaction.

4. When using tryptase as a marker of anaphylac-
tic reaction to ICM, the possibility of increased
baseline levels of this mediator in patients with
angina pectoris undergoing coronary angiog-
raphy and PCI should be considered.
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ABSTRACT

Medicine continuously needs to improve the existing diagnostic solutions or introduce new ones. Despite
the fact that collagen is a well described protein, collagen-related diseases represent the disorders requir-
ing improvement particularly in terms of research tools. These diseases include connective tissue diseases,
keratoconus, where a change in the structure of collagen is observed causing a deformation of the cornea,
as well as neoplasms, in which the amount of collagen is multiplied in cells.

Fluorescence spectroscopy constitutes a highly sensitive, non-invasive research method, thus, its use in
medicine can contribute to the development of excellent diagnostic methods. This method allows to deter-
mine the changing amount of the tested fluorophores, as well as the change of the pH of the environment in
which these fluorophores are located. Until now, numerous studies on collagen have been performed using
fluorescence spectroscopy. However, a detailed analysis of the literature revealed some discrepancies which
have been summarized in this paper.

The collected experimental results allowed to conclude that the discrepancies in the obtained fluorescence
excitation and emission spectra of collagen may result from the structural richness of collagen. Another rea-
son for the variability of the results is the different experimental conditions, i.e. the excitation and detection
of collagen fluorescence at different wavelengths. Therefore, it should be emphasized that collagen spec-
troscopy constitutes an extremely promising method, although the determination of the exact conditions
of the experiment and their standardization are required in the research on the diagnostic use of this tech-
nique.
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Introduction

Collagen is the most abundant protein in the
human body. Thus, a detailed description of all its
properties, including the spectral characteristics,
is necessary. This need results undeniably from
the fact that many connective tissue diseases
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are associated with the changes in the function-
ing and structure of collagen. Other diseases can
also be caused at least partly by the functional
changes in collagen. An example of this type of
disease is an eye condition referred to as kera-
toconus, where a reduction in the amount of col-
lagen causes the cornea to reshape. Therefore,



a detailed understanding of the spectroscop-
ic properties of collagen may contribute to the
development of new diagnostic methods.

Currently, there are no studies with regard to
connective tissue diseases using fluorescence
spectroscopy. Nevertheless, connective tis-
sue diseases are often associated with collagen
impairment. Moreover, changes in tissue collagen
fluorescence during the neoplastic process have
been demonstrated in many studies. In fact, the
experimental results of some experiments indi-
cate that low collagen and high NAD(P)H inten-
sity of fluorescence characterizes high-grade
dysplastic lesions, compared to non-dysplastic
tissues [1]. These experiments indicate that once
the method is standardized, fluorescence spec-
troscopy can become an indispensable tool in the
diagnosis and/or treatment of certain neoplasms
as measurements are performed quickly and
can be performed in vivo in some cases. There-
fore, the idea of using fluorescence spectrosco-
py in the diagnosis of connective tissue diseases
seems to be justified and promising.

Over the last few years, a number of spectro-
scopic studies of collagen have been carried out.
However, the issue of collagen spectroscopy has
not been sufficiently described in the literature,
and reports are inconsistent. Therefore, the aim
of this study is to compile and verify the current
knowledge related to the stationary fluorescence
spectroscopy of collagen.

Literature Search

All available literature databases were searched.
The literature was reviewed at PubMed, Med-
line (Webhost EBSCO) and Web of Science from
February 2021 to June 2021. The initial data-
base searches were made against the follow-
ing keywords: collagen and fluorescence. Other
keywords were added subsequently, allowing
to specify the research method being sought:
spectroscopy, excitation and emission spec-
tra. The analysis was limited to the English lan-
guage. Papers which do not provide information
on collagen excitation and emission spectra were
excluded.

As shown in Figure 1, the review uses infor-
mation from 36 papers, 9 of which contain the
complete spectra of excitation and / or emission

of collagen fluorescence, whereas 20 papers pro-
vide additional information on the fluorescent
properties of collagen. The remaining 8 articles
contain information on the structure of collagen
and fluorescence spectroscopy.

Steady State Fluorescence
Spectroscopy

The use of fluorescence in life sciences has
gained importance over the past thirty years.
Fluorescence spectroscopy is regarded as a sig-
nificant research tool in biotechnology and bio-
physics [2], with fluorescence detection as an
extremely sensitive and specific method. It uses
molecules called fluorophores/fluorochromes.
Excitation of fluorophores by a light beam of
a lower wavelength elevates the electrons to an
excited state, which then emit energy as light of
a longer wavelength during their return to the
ground state [3]. Autofluorescence uses the neu-
trally occurring chromophores in the tested cells/
tissues. Fluorescence spectroscopy allows for
the observation of a minimal change: the amount
of fluorophore, the environment of the fluoro-
phore and even the conformation of proteins.
Fluorescence measurement devices include fluo-
rimeters and spectrofluorimeters. Depending on
the method of analysis, measurements can be
divided into stationary and time-resolved mea-
surements [2, 3].

The method of fluorescence analysis can be
a very useful alternative in the diagnosis of dis-
eases accompanied by changes in the struc-
ture, environment or the number of endogenous
fluorophores. Most frequently, individual fluoro-
phores differ from each other in the wavelength
at which they give the maximum excitation and/
or maximum emission of fluorescence [4]. The
excitation maximum of the fluorescence is the
wavelength at which the absorption of light is the
highest, whereas the emission maximum of the
fluorescence is the wavelength at which the high-
estintensity fluorescence is observed. The differ-
ence between the position of the maximum of the
absorption band in relation to the emission band
is known as the Stokes shift [2, 4]. The abovemen-
tioned differences often allow for the identifica-
tion of specific fluorophores. Nonetheless, in the
case of stationary measurements, the spectra of
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Figure 1. Literature search strategy. As indicated by the search algorithm, informa-

tion from 36 papers was used

some chromophores may coincide. Therefore, in
some cases, much more sensitive measurements
of time-resolved spectroscopy may provide
a useful extension to the research [3]. However,
samples which possess the same autofluoro-
phores in their structure can be distinguished by
the amount of chromophores or by the influence
of the environment in which these chromophores
are located, e.g. a change in the hydrophobicity of
the environment may change the spectral prop-
erties of the tested molecules. These factors may
occur in the course of formation of pathological
tissue lesions, as in the case of a neoplasm [4, 5].
Well-known endogenous fluorophores capable
of emitting autofluorescence include aromatic
amino acids (phenylalanine, tyrosine and trypto-
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phan), molecules of cellular energy metabolism:
nicotinamide adenine dinucleotide (NADH) and
flavin adenine dinucleotide (FAD), vitamins, lip-
ids, elastin and collagen, the main component of
the extracellular matrix and the most commonly
found protein in the human body [2, 5].

An indisputable advantage of the optical
methods is their minimal invasiveness, as mea-
surements can be performed in vivo. Therefore,
there is no cell procurement, or possibly only
a small piece of the tissue is removed during sur-
gery. Additionally, blood or urine samples can be
also used as research material, whereas real-time
research allows to obtain the results immediate-
ly. Thus, by using spectrophotometry, the experi-
ment can be performed in a relatively short time.



Collagen is used as a marker of pathological
changes in in vivo experiments [1, 4, 6, 7]. Due to
their availability, the most common experiments
involve epithelial tissues, such as the skin [1, 6,
7]. However, with ever greater miniaturization
of equipment and more sophisticated research
tools, it is possible to examine previously inac-
cessible locations, such as the colon [4]. The
examination involves (1) the insertion of the fiber
optic probe as an endoscope, (2) the excitation
of the tissue fragment with the light of a certain
wavelength / wavelengths, (3) collecting the fluo-
rescence from the tissue into the detector and (4)
its further analysis [4]. Hence, as the research on
epithelial cells shows, fluorescence spectroscopy
is a very promising method of examining patho-
logical changes such as cancer [1, 6, 7]. However,
to date it has been limited to locations where fiber
optic courts can be introduced. Nevertheless, the
increasing miniaturization allows the device for
reaching the previously inaccessible sites in the
human body.

Collagen structure

Although the understanding of the pathogen-
esis of many collagen-related diseases remains
insufficient, the structure of collagen has been
well described. So far, 28 types of collagen have
been identified. Some amino acid residues found
in the structure of collagen are capable of auto-
fluorescence, and this type of amino acids pos-
sesses an aromatic ring in their structure, namely

tryptophan, tyrosine and phenylalanine. Further-
more, proline-hydroxyproline-glycine is the most
common amino acid sequence observed in the
collagen chain. This triplet constitutes about
10.5% of the collagen sequence. Hydrogen bonds
formed between proline and glycine residues of
adjacent chains link them with each other. The
hydrogen bonds help hold three helices togeth-
er, thus creating a triplet superhelix. Procolagen
fibers formed in this way undergo further post-
translational processing, the product of which is
tropocollagen. Divalent cross-links are formed
between tropocollagen fibers with the use of the
enzyme lysyl oxidase, and the cross-links may be
further modified [8].

In addition to aromatic amino acid residues,
the cross-links are also capable of autofluores-
cence in the collagen structure (Figure 2). Since
aromatic amino acids can be found in various
proteins, the cross-links present in this protein
comprise the structural elements determining the
importance of spectroscopic studies on collagen
[8]. As the human body ages, immature divalent
cross-links are converted into mature trivalent
cross-links [9]. Moreover, the divalent cross-link
may undergo modifications, e.g. glycosylation.
Depending on the period of development and
external factors to which the examined tissue
has been exposed, various modified cross-links
are formed. They may be detected due to the dif-
ferences in the fluorescence spectra of the sam-
ple [9-11].

Collagen in its natural form occurs as a solid
molecule, insoluble in water and very resistant

hydrogen
bond

Phe Pro m\w\

Tm.~Hyp Gy Phe Pr5’ Hyp Pm

Phe Gly Prs” Lys Pro Hyp Gly Ty

Figure 2. Structure of collagen in which hydrogen bonds (dotted lines) and cross-links between tro-
pocollagen fibrils (center of the Figure) can be distinguished
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to degradation [8, 12]. Due to its resistance dur-
ing isolation, collagen can be divided into acetic
acid-soluble and insoluble collagen, the latter of
which can be isolated with the use of enzymes,
such as pepsin or collagenases [6, 13].

Fluorescence Spectroscopy
of Collagen

In the literature, varied information on spectros-
copy of collagen can be found. According to the
majority of literature data, the absorption maxi-
mum of collagen ranges between 340-370 nm
[11, 13-15]. For the collagen emission maximum,
more diverse data are observed, which indicate
that it is 380 nm [14], around 400—-410 nm [1], or
around 440-450 nm [1, 6, 7, 11, 13]. In various
studies, only one peak in the fluorescence emis-
sion spectra of collagen has been indicated [1,
6, 7, 11, 13]. However, several other studies have
found collagen spectra more complex with sev-
eral fluorescence peaks [7, 16].

Robert Gillies et al. [6] divided the emission
spectra of collagen according to the enzyme used
for isolation. Pepsin-soluble collagen was deter-
mined to have the excitation maximum at 335 nm
and the emission maximum at about 390 nm. On
the other hand, collagenase-soluble collagen had
the excitation maximum of 370 nm and the emis-
sion maximum of 440-460 nm. Smirnova et al.
[7] determined the fluorescence spectrum of type
IV collagen suspended in water with the emission
maximum at 440 nm, and several local peaks at
380, 420, 465 and 495 nm following excitation
with the light of approximately 370 nm. Julian
lonita et al. [16] obtained emission spectra of
pure hydrolyzed collagen powder with maxima at
wavelengths of 430 nm and 460 nm with the local
maximum at about 390 nm. Calfskin acid-solu-
ble collagen isolated by Deyl et al. [15] showed the
fluorescence maximum at 440 nm and 495 nm
and an additional peak at 410 nm, as well as exci-

tation spectra with a maximum at 345, 370 and
410 nm. Researchers from the Massachusetts
Institute of Technology determined four excita-
tion/emission wavelength pairs of powder Bovin
collagen: (280 / 310 nm), (265 / 385 nm), (330 /
390 nm), and (450 / 530 nm), using a contour
map representation of the fluorescence (EEMs )
[17]. The summary of these data is presented in
Table 1.

In order to obtain a consistent representation of
collagen fluorescence spectrum data, several pub-
lications with excitation / emission spectra of col-
lagen fluorescence were selected [for a complete
list of publications see Figures 3—4]. Subsequent-
ly, on the basis of the figures found in these publi-
cations, the excitation as well as emission bands
were digitized and compiled together in the collec-
tive figures of collagen excitation spectra (Figure
3) and collagen emission spectra (Figure 4).

Based on the literature data, the absorp-
tion/fluorescence spectrum of collagen can be
divided into two fractions. The former fraction
includes the amino acid residues present in col-
lagen, while the latter belongs to the cross-links.
The amino acid fraction can be excited in the
range between 250-290 nm, and fluorescence
emission spectra can be related to the range from
250 nm to 440 nm [18]. Furthermore, the aromat-
ic amino acids responsible for collagen fluores-
cence in this wavelength range are phenylala-
nine [Phe], tyrosine [Tyr] and tryptophan [Trp] [19].
Their ratio of the fluorescence excitation maxi-
mum to the fluorescence emission maximum
is 258/282 nm, 275/303 nm, and 275/348 nm,
respectively. Based on this information, it can be
concluded that the fluorescence excitation bands
of collagen (marked as No. 2 and 5 line in Fig-
ure 3) and the fluorescence emission bands of
collagen (marked as 4 and 6 line in Figure 4) are
related to these amino acids [18]. The cross-links
form the latter fraction responsible for collagen
absorption / fluorescence which includes triva-
lent cross-links and advanced glycation end-

Table 1. Summary of literature data with regard to the excitation maximum and emission maximum of collagen fluorescence

Reference Excitation maximum Emission maximum
[15] 345nm, 370 nm, 410 nm 440 nm, 495 m
[7] 370 nm 380 nm, 420 nm, 440 nm, 465 nm i 495 nm
[16] 360 nm 430 nm, 460 nm
[17] 280 nm, 265 nm, 330 nm, 450 nm 310 nm, 385 nm, 390 nm, 530 nm
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Fluorescence excitation bands
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Figure 3. The differences in the excitation bands of collagen
prepared by various methods. For this purpose, fluorescence
spectra presented in different publications were digitized point
by point in order to obtain minimal differences compared to the
original bands

products (AGEs), varying in terms of their spec-
trophotometric properties [9].

Collagen cross-links spectroscopy

Until now, several types of cross-links have been
identified using HPLC [9]. Nonreducible cross-
links, such as pyridinoline (Pyr) or deoxypyridino-
line (Dpyr) have been identified using their natu-
ral ability of autofluorescence. They are charac-
terized by the maximum wavelength in excita-
tion spectrum at 295 nm, 325 nm and 340 nm
(depending on the pH of the environment) with the
light emission maximum of 395 nm [20]. More-
over, pentosidine (Pen) is also naturally capable
of fluorescence and its excitation emission maxi-
mum amounts to 335/385 nm [9, 20, 21]. Another
cartilage-specific cross-link, 2,6-dimethyldifuro-
8-pyrone (DDP) has been identified and isolated.
It is capable of autofluorescence with a maximum
ratio of 306/395 nm (excitation/emission) [22].
Additionally, other divalent reducible cross-links,
including  dihydroxylysinonorleucine (DHLNL),
hydroxylysinonorleucine (HLNL), lysinonorleu-
cine (LNL) and trivalent nonreducible cross-link
histidinohydroxylysinonorleucine (HHL), have
been detected by generating O-phthalaldehyde
derivatization because they do not have the abil-
ity to naturally fluorescent [9].

According to the literature data, AGEs can
constitute the main fraction of cross-links asso-
ciated with collagen fluorescence [10, 23, 24].

Fluorescence emission bands

\ [R—
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Figure 4. The differences in the emission bands of collagen
prepared by various methods. For this purpose, fluorescence
spectra presented in different publications were digitized point
by point in order to obtain minimal differences compared to the
original bands

They are responsible for a fluorescent excitation-
emission maximum at 360/460 nm [10, 23, 24].
The initial amount of this type of bonds is small,
but it increases with age, resulting in the collagen
molecule aging. However, in the case of diabetic
patients, AGEs are multiplied [9, 25—29]. Pen, as
mentioned above, belongs to the well-described
AGEs. This cross-link has a ratio of excitation-
emission maximum which is significantly differ-
ent from other AGEs [9, 21]. Other collagen cross-
link AGEs capable of autofluorescence include
vesperlysine A and B, vesperlysine C, lysyl-pyrro-
pyridine, FFI, Argpyrimidine, Crossline, Fluorolin,
and threosidine [21, 27, 29-31]. The wavelengths
at which the excitation-emission maxima were
measured are summarized in Table 2. Among
AGEs identified in collagen, cross-links which do
not possess a benzenering in their structure have
been described, thus, these cross-links are inca-
pable of autofluorescence, e.g. N- (carboxyethyl)
lysine (CEL), N- (carboxymethyl) lysine (CML),
methylglyoxal-lysine dimer (MOLD) and glyoxal-
lysine dimer (GOLD), and formyl threosyl pyrrole
(FTP) [10, 28, 29, 32].

During the development of the organism,
divalent immature cross-links are converted into
non-reducible mature or glycation cross-links.
Due to the very long half-life of collagen in vari-
ous tissues, e.g. cartilage or skin, mature cross-
links and AGEs accumulate with age [9, 27-29,
33]. As reported in the literature, numerous addi-
tional AGEs are formed during the incubation of
cartilage with threose [10]. Furthermore, AGEs
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Table 2. Summary of the identified cross-links capable of fluorescence.

Name of cross-link Excitation /Emission maximum [nm] References
Trivalent cross-links
Pyridinoline (Pyr), 295 nm (acid), 325 nm (neutral), 340 nm [20]
Deoxypyridinoline (Dpyr) (alkaline)/395 nm
Hydroxylysyl pyridinoline (HP), 295nm/395nm [32]
Lysyl pyridinoline (LP)
2,6-dimethyldifuro-8-pyrone (DDP) 306/395 nm [15,32]
Advanced glycation endproducts (AGEs)

Pentosidine (Pen) 335nm/385nm [9,21,32]
Vesperlysine AiB 366 nm/ 442 nm [21]
Vesperlysine C 345nm/ 405 nm [21]
Lysyl-pyrropyridine 370 nm/ 448 nm [21]
FFI 380 nm/ 440 nm [21]
Argpyrimidine 335nm/400 nm [21]
Crossline 379 nm/ 463 nm [21]
Fluorolink 380 nm/ 460 nm [21]
threosidine 328 nm/ 402 nm [31]

contribute to the aging of tissues (cartilage, skin
or bones) and changes in their properties, e.g.
their ability to deform [10, 28, 29]. Additionally,
the results of various experiments indicate that
cross-links, such as CML, CEL and Pen, constitute
only about 4.7% of the newly formed AGEs [10].

Conclusion

The discrepancy in the literature data on collagen
spectroscopy does not entirely imply that they
are incorrect. In fact, different results of spec-
trophotometric tests of collagen may stem from
collagen structural diversity and different spec-
trophotometric parameters of the experiment.
Therefore, the result of the experiment is closely
related to the type of collagen tested, or the phys-
ical parameters of the experiment. Thus, it seems
essential to define the exact test parameters and
identify the collagen type when presenting the
experiment, or to provide an accurate description
of the investigated tissue, since this may help
other researchers relate to the experiment. More-
over, the unification of parameters with regard to
the spectrophotometric tests may contribute to
a faster progress in research on collagen.

Acknowledgements
List of abbreviations

NADH - nicotinamide adenine dinucleotide
FAD - flavin adenine dinucleotide

Journal of Medical Science 2022;91(1)

AGEs - advanced glycation end-products
Pyr - pyridinoline

Dpyr - deoxypyridinoline

Pen - pentosidine

DDP - 2,6-dimethyldifuro-8-pyrone
DHLNL - dihydroxylysinonorleucine
HLNL - hydroxylysinonorleucine

LNL - lysinonorleucine

HHL - histidinohydroxylysinonorleucine
CEL - N-(carboxyethyl) lysine

CML - N-(carboxymethyl) lysine

MOLD - methylglyoxal-lysine dimer
GOLD - glyoxal-lysine dimer

FTP - formyl threosyl pyrrole

HP - Hydroxylysyl pyridinoline

LP - Lysyl pyridinoline

Conflict of interest statement
The authors declare no conflict of interest.

Funding sources
There are no sources of funding to declare.

References

1. Georgakoudi I, Jacobson BC, Miiller MG, Sheets EE,
Badizadegan K, Carr-Locke DL, Crum CP, Boone CW,
Dasari RR, Van Dam J, Feld MS. NAD(P)H and colla-
gen as in vivo quantitative fluorescent biomarkers of
epithelial precancerous changes. Cancer Res. 2002
Feb 1;62(3):682-7. PMID: 11830520.

2. Borisova E, Pavlova P, Pavlova E, Troyanova P, Avram-
ov L. Optical biopsy of human skin — a tool for cuta-
neous tumours' diagnosis. International Journal Bio-
automotion. 2021;16(1):53-72.

3. Lakowicz JR. Principles of fluorescence spectrosco-
py. 3rd ed. New York: Springer; 2006. 954 p.

4. Vishwanath K, Ramanujam N. Fluorescence Spec-
troscopy In Vivo. In: Meyers RA, editor. Encyclope-
dia of Analytical Chemistry [Internet]. Chichester, UK:



10.

11.

12.

13.

14.

John Wiley & Sons, Ltd; 2011 [cited. 2021 Oct 20]. p.
a0102.pub2. Available from: https://onlinelibrary.
wiley.com/doi/10.1002/9780470027318.a0102.pub2.

. Pu Y, Tang GC, Wang WB, Savage HE, Schantz SP,

Alfano RR. Native fluorescence spectroscopic eval-
uation of chemotherapeutic effects on malignant
cells using nonnegative matrix factorization anal-
ysis. Technol Cancer Res Treat. 2011 Apr;10(2):113—
20. doi: 10.7785/tcrt.2012.500186. PMID: 21381789.

. Gillies R, Zonios G, Anderson RR, Kollias N. Fluo-

rescence excitation spectroscopy provides infor-
mation about human skin in vivo. J Invest Derma-
tol. 2000 Oct;115(4):704—7. doi: 10.1046/j.1523-1747
.2000.00091.x. PMID: 10998147.

. Smirnova OD, Rogatkin DA, Litvinova KS. Colla-

gen as in vivo quantitative fluorescent biomar-
kers of abnormal tissue changes. J Innov Opt
Health Sci. 2012 Apr;05(02):1250010. doi: 10.1142/
S1793545812500101.

. Shoulders MD, Raines RT. Collagen structure and

stability. Annu Rev Biochem. 2009;78:929-58. doi:
10.1146/annurev.biochem.77.032207.120833. PMID:
19344236; PMCID: PMC2846778.

. Saito M, Marumo K, Fuijii K, Ishioka N. Single-column

high-performance liquid chromatographic-fluores-
cence detection of immature, mature, and senescent
cross-links of collagen. Anal Biochem. 1997 Nov
1;253(1):26—-32. doi: 10.1006/abio.1997.2350. PMID:
9356137.

Verzijl N, DeGroot J, Ben ZC, Brau-Benjamin O,
Maroudas A, Bank RA, Mizrahi J, Schalkwijk CG,
Thorpe SR, Baynes JW, Bijlsma JW, Lafeber FP, TeKo-
ppele JM. Crosslinking by advanced glycation end
products increases the stiffness of the collagen net-
work in human articular cartilage: a possible mech-
anism through which age is a risk factor for oste-
oarthritis. Arthritis Rheum. 2002 Jan;46(1):114~
23. doi: 10.1002/1529-0131(200201)46:1<114::AID-
ART10025>3.0.CO;2-P. PMID: 11822407.

Monnier VM, Kohn RR, Cerami A. Accelerated age-re-
lated browning of human collagen in diabetes melli-
tus. Proc Natl Acad Sci U S A. 1984 Jan;81(2):583-7.
doi: 10.1073/pnas.81.2.583. PMID: 6582514; PMCID:
PMC344723.

Poole AR, Kobayashi M, Yasuda T, Laverty S, Mwale
F, Kojima T, Sakai T, Wahl C, EI-Maadawy S, Webb G,
Tchetina E, Wu W. Type Il collagen degradation and
its regulation in articular cartilage in osteoarthritis.
Ann Rheum Dis. 2002 Nov;61 Suppl 2(Suppl 2):ii78-
81. doi: 10.1136/ard.61.suppl_2.ii78. PMID: 12379630;
PMCID: PMC1766700.

Kollias N, Gillies R, Moran M, Kochevar IE, Anderson
RR. Endogenous skin fluorescence includes bands
that may serve as quantitative markers of aging and
photoaging. J Invest Dermatol. 1998 Nov;111(5):776—
80. doi: 10.1046/j.1523-1747.1998.00377.x. PMID:
9804337.

Pu Y, Wang W, Yang Y, Alfano RR. Stokes shift spec-
troscopic analysis of multifluorophores for human
cancer detection in breast and prostate tissues. J
Biomed Opt. 2013 Jan;18(1):17005. doi: 10.1117/1.
JB0.18.1.017005. PMID: 23296086.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Deyl Z, Praus R, Sulcova H, Goldman JN. Fluores-
cence of collagen - properties of tyrosine residues
and another fluorescent element in calf skin col-
lagen. FEBS Lett. 1969 Nov 12;5(3):187-191. doi:
10.1016/0014-5793(69)80328-5. PMID: 11947273.
lonita I, Dragne A, Gaidau C, Dragomir T. Collagen
Fluorescence Measurements On Nanosilver Treat-
ed Leather. Romanian Reports in Physics. 2010 Jan
1,62.

Richards-Kortum R, Rava R, Baraga J, Fitzmaurice M,
Kramer J, Feld M. Survey of the UV and Visible Spec-
troscopic Properties of Normal and Atherosclerot-
ic Human Artery Using Fluorescence EEMs. In: Pra-
tesi R, editor. Optronic Techniques in Diagnostic and
Therapeutic Medicine [Internet]. Boston, MA: Spring-
er US; 1991 [cited. 2021 Oct 14]. p. 129-38. Available
from: http://link.springer.com/10.1007/978-1-4615-
3766-3_10

Teale FW, Weber G. Ultraviolet fluorescence of the aro-
matic amino acids. Biochem J. 1957 Mar;65(3):476—
82. doi: 10.1042/bj0650476. PMID: 13412650; PMCID:
PMC1199900.

Bolboaca S, Jantschi L. Amino acids sequence anal-
ysis on collagen. Bulletin USAMV-CN. 63-64/2007.
Robins SP. Cross-linking of collagen. Isolation,
structural characterization and glycosylation of
pyridinoline. Biochem J. 1983 Oct 1;215(1):167-73.
doi: 10.1042/bj2150167. PMID: 6626172; PMCID:
PMC1152377.

Séro L, Sanguinet L, Blanchard P, Dang BT, Morel S,
Richomme P, Séraphin D, Derbré S. Tuning a 96-well
microtiter plate fluorescence-based assay to iden-
tify AGE inhibitors in crude plant extracts. Mole-
cules. 2013 Nov 19;18(11):14320-39. doi: 10.3390/
molecules181114320. PMID: 24256925; PMCID:
PMC6270619.

Gahunia HK, Lough A, Vieth R, Pritzker K. A cartilage
derived novel compound DDP (2,6-dimethyldifuro-8
-pyrone): isolation, purification, and identification. J
Rheumatol. 2002 Jan;29(1):147-53. PMID: 11824951.
Nakamura K, Nakazawa Y, lenaga K. Acid-stable flu-
orescent advanced glycation end products: vesper-
lysines A, B, and C are formed as crosslinked prod-
ucts in the Maillard reaction between lysine or pro-
teins with glucose. Biochem Biophys Res Com-
mun. 1997 Mar 6;232(1):227-30. doi: 10.1006/
bbrc.1997.6262. PMID: 9125137.
Monnier VM, Vishwanath V, Frank KE, EImets CA, Dau-
chot P, Kohn RR. Relation between complications of
type | diabetes mellitus and collagen-linked fluores-
cence. N Engl J Med. 1986 Feb 13;314(7):403-8. doi:
10.1056/NEJM198602133140702. PMID: 3945267.
Bailey AJ, Sims TJ, Avery NC, Halligan EP. Non-en-
zymic glycation of fibrous collagen: reaction prod-
ucts of glucose and ribose. Biochem J. 1995 Jan
15;305 ( Pt 2)(Pt 2):385-90. doi: 10.1042/bj3050385.
PMID: 7832750; PMCID: PMC1136373.

Kinnunen J, Kokkonen HT, Kovanen V, Hauta-
Kasari M, Vahimaa P, Lammi MJ, Toyras J, Jurve-
lin JS. Nondestructive fluorescence-based quan-
tification of threose-induced collagen cross-link-
ing in bovine articular cartilage. J Biomed Opt. 2012

Journal of Medical Science 2022;91(1)

71



72

Sep;17(9):97003.  doi:
PMID: 22975679.

10.1117/1.JB0.17.9.097003.

27. Gkogkolou P, Bohm M. Advanced glycation end prod-

ucts: Key players in skin aging? Dermatoendocrinol.
2012 Jul 1;4(3):259-70. doi: 10.4161/derm.22028.
PMID: 23467327; PMCID: PMC3583887.

28. Vashishth D. Advanced Glycation End-products and

29.

Bone Fractures. IBMS Bonekey. 2009 Aug;6(8):268—
278. doi: 10.1138/20090390. PMID: 27158323;
PMCID: PMC4856156.

Verzijl N, DeGroot J, Oldehinkel E, Bank RA, Thorpe
SR, Baynes JW, Bayliss MT, Bijlsma JW, Lafeber FP,
Tekoppele JM. Age-related accumulation of Maillard
reaction products in human articular cartilage col-
lagen. Biochem J. 2000 Sep 1;350 Pt 2(Pt 2):381-7.
PMID: 10947951; PMCID: PMC1221264.

30. Hirose J, Yamabe S, Takada K, Okamoto N, Nagai

31

R, Mizuta H. Immunohistochemical distribution of
advanced glycation end products (AGEs) in human
osteoarthritic cartilage. Acta Histochem. 2011
Oct;113(6):613—8. doi: 10.1016/j.acthis.2010.06.007.
Epub. 2010 Jul 24. PMID: 20656335.

. Prabhakaram M, Cheng Q, Feather MS, Ortwerth
BJ. Structural elucidation of a novel lysine-lysine
crosslink generated in a glycation reaction with
L-threose. Amino Acids. 1997 Sep;12(3—-4):225-36.

Journal of Medical Science 2022;91(1)

32.

33.

34.

35.

36.

Degenhardt TP, Thorpe SR, Baynes JW. Chemi-
cal modification of proteins by methylglyoxal. Cell
Mol Biol (Noisy-le-grand). 1998 Nov;44(7):1139-45.
PMID: 9846896.

Basta G, Schmidt AM, De Caterina R. Advanced gly-
cation end products and vascular inflammation:
implications for accelerated atherosclerosis in dia-
betes. Cardiovasc Res. 2004 Sep 1;63(4):582-92. doi:
10.1016/j.cardiores.2004.05.001. PMID: 15306213.
Sudrez G, Rajaram R, Bhuyan KC, Oronsky AL, Goidl
JA. Administration of an aldose reductase inhibi-
tor induces a decrease of collagen fluorescence in
diabetic rats. J Clin Invest. 1988 Aug;82(2):624-7.
doi: 10.1172/JCI113641. PMID: 3136193; PMCID:
PMC303557.

Sionkowska A, Kaminska A. Changes induced by
ultraviolet light in fluorescence of collagen in the
presence of B-carotene. Journal of Photochemistry
and Photobiology A: Chemistry. 1999 Feb;120(3):207-
10. d0i:10.1016/S1010-6030(98)00427-4.

Wu K, Liu W, Li G. The aggregation behavior of native
collagen in dilute solution studied by intrinsic fluo-
rescence and external probing. Spectrochim Acta
A Mol Biomol Spectrosc. 2013 Feb;102:186-93. doi:
10.1016/j.saa.2012.10.048. Epub. 2012 Nov 1. PMID:
23220534.



INSTRUCTIONS FOR AUTHORS

Journal of Medical Science (JMS) is a PEER-REVIEWED, OPEN ACCESS journal
that publishes original research articles and reviews which cover all aspects
of clinical and basic science research. The journal particularly encourages
submissions on the latest achievements of world medicine and related disciplines.
JMS is published quarterly by Poznan University of Medical Sciences.

ONLINE SUBMISSION:

Manuscripts should be submitted to the Editorial Office by an e-mail attachment:
nowinylekarskie@ump.edu.pl. You do not need to mail any paper copies of your
manuscript.

All submissions should be prepared with the following files:
- Cover Letter

- Manuscript

- Tables

- Figures

- Supplementary Online Material

COVER LETTER: Manuscripts must be accompanied by a cover letter from the
author who will be responsible for correspondence regarding the manuscript
as well as for communications among authors regarding revisions and approval
of proofs. The cover letter should contain the following elements: (1) the full
title of the manuscript, (2) the category of the manuscript being submitted (e.g.
Original Article, Brief Report), (3) the statement that the manuscript has not been
published and is not under consideration for publication in any other journal, (4)
the statement that all authors approved the manuscript and its submission to the
journal, and (5) a list of at least two referees.

MANUSCRIPT: Journal of Medical Science publishes Original Articles, Brief
Reports, Review articles, Mini-Reviews, Images in Clinical Medicine and The
Rationale and Design and Methods of New Studies. From 2014, only articles in
English will be considered for publication. They should be organized as follows:
Title page, Abstract, Introduction, Materials and Methods, Results, Discussion,
Acknowledgments, Conflict of Interest, References and Figure Legends. All
manuscripts should be typed in Arial or Times New Roman font and double
spaced with a 2,5 cm (1 inch) margin on all sides. They should be saved in DOC,
DOCX, ODT, RTF or TXT format. Pages should be numbered consecutively,
beginning with the title page.

Ethical Guidelines

Authors should follow the principles outlined in the Declaration of Helsinki of
the World Medical Association (www.wma.net). The manuscript should contain
a statement that the work has been approved by the relevant institutional review
boards or ethics committees and that all human participants gave informed
consent to the work. This statement should appear in the Material and Methods
section. Identifying information, including patients' names, initials, or hospital
numbers, should not be published in written descriptions, illustrations, and
pedigrees. Studies involving experiments with animals must be conducted with
approval by the local animal care committee and state that their care was in
accordance with institution and international guidelines.

Authorship:

According to the International Committee on Medical Journal Ethics (ICMJE),
an author is defined as one who has made substantial contributions to the
conception and development of a manuscript. Authorship should be based on
all of the following: 1) substantial contributions to conception and design, data
analysis and interpretation; 2) article drafting or critical advice for important
intellectual content; and 3) final approval of the version to be published. All other
contributors should be listed as acknowledgments. All submissions are expected
to comply with the above definition.

Conflict of Interest

The manuscript should contain a conflict of interest statement from each author.
Authors should disclose all financial and personal relationships that could
influence their work or declare the absence of any conflict of interest. Author’s
conflict of interest should be included under Acknowledgements section.

J M S (‘)lfo Illl/lrg(é;ilcal Science

Abbreviations

Abbreviations should be defined at first mention, by putting abbreviation
between brackets after the full text. Ensure consistency of abbreviations
throughout the article. Avoid using them in the title and abstract. Abbreviations
may be used in tables and figures if they are defined in the table footnotes and
figure legends.

Trade names

For products used in experiments or methods (particularly those referred to by
a trade name), give the manufacturer's full name and location (in parentheses).
When possible, use generic names of drugs.

Title page

The first page of the manuscript should contain the title of the article, authors’
full names without degrees or titles, authors' institutional affiliations including
city and country and a running title, not exceeding 40 letters and spaces. The first
page should also include the full postal address, e-mail address, and telephone
and fax numbers of the corresponding author.

Abstract

The abstract should not exceed 250 words and should be structured into separate
sections: Background, Methods, Results and Conclusions. It should concisely state
the significant findings without reference to the rest of the paper. The abstract
should be followed by a list of 3 to 6 Key words. They should reflect the central
topic of the article (avoid words already used in the title).

The following categories of articles can be proposed to the Journal of Medical
Science:

ORIGINAL RESEARCH

Original articles: Manuscripts in this category describe the results of original
research conducted in the broad area of life science and medicine. The
manuscript should be presented in the format of Abstract (250-word limit),
Keywords, Introduction, Material and Methods, Results, Discussion, Perspectives,
Acknowledgments and References. In the Discussion section, statements
regarding the importance and novelty of the study should be presented. In
addition, the limitations of the study should be articulated. The abstract must
be structured and include: Objectives, Material and Methods, Results and
Conclusions. Manuscripts cannot exceed 3500 words in length (excluding title
page, abstract and references) and contain no more than a combination of 8
tables and/or figures. The number of references should not exceed 45.

Brief Reports: Manuscripts in this category may present results of studies
involving small sample sizes, introduce new methodologies, describe preliminary
findings or replication studies. The manuscript must follow the same format
requirements as full length manuscripts. Brief reports should be up to 2000
words (excluding title page, abstract and references) and can include up to 3
tables and/or figures. The number of references should not exceed 25.

REVIEW ARTICLES

Review articles: These articles should describe recent advances in areas within
the Journal's scope. Review articles cannot exceed 5000 words length (excluding
title page, abstract and references) and contain no more than a combination of
10 tables and/or figures. Authors are encouraged to restrict figures and tables
to essential data that cannot be described in the text. The number of references
should not exceed 80.

A THOUSAND WORDS ABOUT... is a form of Mini-Reviews. Manuscripts in
this category should focus on latest achievements of life science and medicine.
Manuscripts should be up to 1000 words in length (excluding title page, abstract
and references) and contain up to 5 tables and/or figures and up to 25 most
relevant references. The number of authors is limited to no more than 3.

Journal of Medical Science 2022;91(1)

73



74

OTHER SUBMISSIONS

Invited Editorials: Editorials are authoritative commentaries on topics of current
interest or that relate to articles published in the same issue. Manuscripts should
be up to 1500 words in length. The number of references should not exceed 10.
The number of authors is limited to no more than 2.

Images in Clinical Medicine: Manuscripts in this category should contain one
distinct image from life science or medicine. Only original and high-quality
images are considered for publication. The description of the image (up to 250
words) should present relevant information like short description of the patient's
history, clinical findings and course, imaging techniques or molecular biology
techniques (e.g. blotting techniques or immunostaining). All labeled structures
in the image should be described and explained in the legend. The number of
references should not exceed 5. The number of authors is limited to no more
than 5.

The Rationale, Design and Methods of New Studies: Manuscripts in
this category should provide information regarding the grants awarded by
different founding agencies, e.g. National Health Institute, European Union,
National Science Center or National Center for Research and Development. The
manuscript should be presented in the format of Research Project Objectives,
Research Plan and Basic Concept, Research Methodology, Measurable Effects
and Expected Results. The article should also contain general information about
the grant: grant title, keywords (up to five), name of the principal investigator
and co-investigators, founding source with the grant number, Ethical Committee
permission number, code in clinical trials (if applicable). Only grant projects in
the amount over 100,000 Euro can be presented. Manuscripts should be up to
2000 words in length (excluding references) and can include up to 5 tables and/
or figures. The abstract should not exceed 150 words. The number of authors is
limited to the Principal Investigator and Co-investigators.

Acknowledgements

Under acknowledgements please specify contributors to the article other than
the authors accredited. List here those individuals who provided help during the
research (e.g., providing language help, writing assistance or proof reading the
article, etc.). Also acknowledge all sources of support (grants from government
agencies, private foundations, etc.). The names of funding organizations should
be written in full.

References
All manuscripts should use the 'Vancouver' style for references. References
should be numbered consecutively in the order in which they appear in the text
and listed at the end of the paper. References cited only in Figures/Tables
should be listed in the end. Reference citations in the text should be identified by
Arabic numbers in square brackets. Some examples:

This result was later contradicted by Smith and Murray [3].

Smith [8] has argued that...

Multiple clinical trials [4-6, 9] show...

Journal names should be abbreviated according to Index Medicus. If available
alwaysprovide Digital Object Identifier (DOI) or PubMed Identifier (PMID) for
every reference.

Some examples

Standard journal articles

1. Petrova NV, Kashirskaya NY, Vasilyeva TA, Kondratyeva El, Marakhonov AV,
Macek Jr M, Ginter EK, Kutsev SI, Zinchenko RA. Characteristics of the L138ins
(p.Leu138dup) mutation in Russian cystic fibrosis patients. JMS [Internet]. 2020
Mar 31;89(1):e383. doi: 10.20883/medical.383.

Journal of Medical Science 2022;91(1)

Books

Personal author(s)

1. Rang HP, Dale MM, Ritter JM, Moore PK. Pharmacology. 5th ed. Edinburgh:
Churchill Livingstone; 2003.

Editor(s) or compiler(s) as authors

2. Beers MH, Porter RS, Jones TV, Kaplan JL, Berkwits M (editors). The Merck manual
of diagnosis and therapy. 18th ed. Whitehouse Station (NJ): Merck Research
Laboratories; 2006.

Chapter in the book

1. Phillips SJ, Whisnant JP. Hypertension and stroke. In: Laragh JH, Brenner BM,
editors. Hypertension: pathophysiology, diagnosis, and management. 2nd ed.
New York: Raven Press; 1995. p. 465-478.

TABLES: Tables should be typed on sheets separate from the text (each table on
a separate sheet). They should be numbered consecutively with Arabic numerals.
Tables should always be cited in text (e.g. table 2) in consecutive numerical
order. Each table should include a compulsory, concise explanatory title and an
explanatory legend. Footnotes to tables should be typed below the table body
and referred to by superscript lowercase letters. No vertical rules should be used.
Tables should not duplicate results presented elsewhere in the manuscript (e.g.
in figures).

FIGURES: All illustrations, graphs, drawings, or photographs are referred to as
figures and must be uploaded as separate files when submitting a manuscript.
Figures should be numbered in sequence with Arabic numerals. They should
always be cited in text (e.g. figure 3) in consecutive numerical order. Figures
for publication must only be submitted in high-resolution TIFF or EPS format
(minimum 300 dpi resolution). Each figure should be self-explanatory without
reference to the text and have a concise but descriptive legend. All symbols
and abbreviations used in the figure must be defined, unless they are common
abbreviations or have already been defined in the text. Figure Legends must be
included after the reference section of the Main Text.

Color figures: Figures and photographs will be reproduced in full colour in the
online edition of the journal. In the paper edition, all figures and photographs
will be reproduced as black-and-white.

SUPPLEMENTARY ONLINE MATERIAL: Authors may submit supplementary
material for their articles to be posted in the electronic version of the journal.
To be accepted for posting, supplementary materials must be essential to the
scientific integrity and excellence of the paper. The supplementary material is
subject to the same editorial standards and peer-review procedures as the print
publication.

Review Process

All manuscripts are reviewed by the Editor-in-Chief or one of the members of the
Editorial Board, who may decide to reject the paper or send it for external peer
review. Manuscripts accepted for peer review will be blind reviewed by at least
two experts in the field. After peer review, the Editor-in-Chief will study the paper
together with reviewer comments to make one of the following decisions: accept,
accept pending minor revision, accept pending major revision, or reject. Authors
will receive comments on the manuscript regardless of the decision. In the event
that a manuscript is accepted pending revision, the author will be responsible for
completing the revision within 60 days.

Copyright

The copyright to the submitted manuscript is held by the Author(s), who grants
the Journal of Medical Science (JMS) a nonexclusive licence to use, reproduce,
and distribute the work, including for commercial purposes.



