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moderating variable for understanding
the geography of COVID-19 outcomes -
preliminary insights from Poland
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Abstract

Introduction: Biases in the measurement of COVID-19 burden and the uncertainty in estimation of the correspon-
ding epidemiologic indexes are known and common phenomena in infectious diseases. We investigated to what
extent healthcare access (HCA)-related supply/demand interfered with the registered data on COVID-19 in Poland.
Material and Methods: We ran a multiple linear regression model with interactions to explain the geographic
variation in seroprevalence, hospitalizations (on the voivodeship — NUTS-2 level) and current (beginning of the 4t
wave of COVID cases — 15.09-21.11.2021) case notifications/crude mortality (on poviat — old NUTS-4 level). We
took vaccination coverage and cumulative case notifications up to the so called 3rd wave as predictor variables and
supply/demand (HCA) as moderating variables. Results: HCA with interacting terms (mainly demand) explained to
the great extent the variance of current incidence and most of the variance in the current mortality rates. HCA (ma-
inly supply) was significantly moderating cumulative case notifications until the 3rd wave of cases, thus explaining
the variance in seroprevalence and hospitalization. Conclusion: Seeking causal relations between the vaccination-
or infection-gained immunity level and the current infection dynamics could be misleading without understanding
the socio-epidemiologic context such as the moderating role of HCA (sensu lato). After quantification, HCA could
be incorporated into epidemiologic models for improved prediction of the actual disease burden.
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Introduction

From epidemiologic practice, we already know that
registered disease case notifications do not reflect the ac-
tual burden of infections (including so called “dark figure”)
to the same extent in various geographic locations due to
socio-economic-medical inequalities [1]. Therefore, health-
care access (HCA) has already been identified as a possible
factor influencing measurable Coronavirus disease 2019
(COVID-19) epidemic indexes and explaining intra-country
variation [2-5]. Thus, more resource-rich regions were able
to organize both testing and treatment resources [6] and
vaccination campaigns [7] in a faster and more inclusive
way, whereas resource-poor regions were much more se-
lective in the pandemic healthcare services delivery.

Epidemiological modeling
and healthcare analytics

Knowing immunity levels is important for proper pre-
diction of the COVID-19 dynamics for a given region. Re-
searchers proposed multiple methods and models explain-
ing acquiring natural immunity (possibly after infection) and
vaccine-induced immunity, taking into account their inter-
actions as well as various immunity waning schema [8-9].
We know quite well how the efficacy of various vaccines is
waning over time [10] against symptomatic infections (con-
trolled for covariates such as seasonality or virus variants),
however post-infection immunity is much more difficult to
assess [11]. Seroprevalence studies also can be used to esti-
mate immunity levels and have previously been used exten-
sively to estimate infection fatality rate (IFR) [12-13].

Modeling Paradoxes

To unravel the so-called “epidemiological mystery” of
COVID-19 [14] it is currently attempted to identify the con-
textual factors associated with case and death reports with
real infection and fatality rates. Researchers from Institute
for Health Metrics and Evaluation [14] estimated that the
cumulative number of unreported cases until the so-called
4th wave of COVID-19 varies significantly even among coun-
tries within close geographic proximity. Using Eastern Eu-
rope as an example (“dark figure” size), in Slovakia the num-
ber of reported cases should be increased by 13% in order
to reflect the estimate of actual infection, in Poland by 517%,
while in Russia by 2230%. This example published in The
Lancet reveals the scale of the problem associated with re-
porting and understanding COVID-19 outcomes. Moreover,
some recent ecological studies are suggesting a weak or no
link between vaccination coverage and the current (Delta
variant) epidemic dynamics in the general populations [15-
16] as well as little to no effect of NPl (nonpharmaceutical
interventions) on COVID-19 incidence and mortality [17-18].

Not surprisingly, these findings caused a wave of controversy
and our observations put a new light on them.

HCA and modeling

Surprisingly, HCA has not yet been significantly addressed
in the practice of infection dynamics modeling [5]. Although
immunity is gained and lost at the individual level, it is often
attempted to quantify the immunity level at a population lev-
el, for instance by accounting for biased measures such as es-
timates of undiagnosed cases or eliciting seroprevalence via
surveys. Innacurate estimates of COVID-19 immunity levels
varying across time and regions make predictions challenging
and significantly reduce predictive power. Therefore, forecast
results often deviate from reality, as was the case in Poland
between June — September 2021 [19]. It is worth mentioning
that the simple forecasting model “PL_GRedlarski-Districts-
Sum” (created by a volunteer from the Medical University
of Gdansk) which sums up extrapolation of COVID-19 cases’
trajectories in poviats (implicitly assuming their idiosyncrasy
and heterogeneity driven by HCA among others) is overper-
forming in short- and medium-term all other models [20], in-
cluding those that are financed and used by Polish Ministry of
Health or ECDC. Albeit we could simply mechanistically mimic
reporting patterns, we still do not know what are intra-coun-
try differences in shares of unreported cases. More or less ac-
curate inter-country estimates in Eastern Europe (sharing the
similar post-communist social and health care patterns) are
showing variability greater than two orders of magnitude [14].

Our aim was to show on the example of Poland that
omitting HCA confounding/moderating factors could lead
to misinterpretation in understanding the current epidemic
dynamics due to biased estimation of immunity levels and
other epidemiologic indexes.

Material and methods

Data description

Data obtained from the registries of 16 voivodeships of Po-
land (Nomenclature of Territorial Units for Statistics, NUTS-2)
and 380 poviats (old NUTS-4) only from publicly available offi-
cial sources or their archived versions. For instance, historical
hospitalization rates are not publicly available and only can be
scrapped from the archives of governmental webpages. In our
model we considered the variables listed below.

Independent variables:

e Cumulative No, cases per capita: The cumulative numbers
of COVID-19 notifications until the so-called 3 wave of ep-
idemic (04.03.2020-15.06.2021) for poviats and voivode-
ships [21] divided by its population size.
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¢ Fraction of vaccinated: Percentage of people vaccinated
with at least one dose for poviats and voivodeships (at the
end of 3" wave at 15.06.2021) for all age groups [22]. Vac-
cination coverage gives us a proxy of proportions of pop-
ulation which gain post-vaccination immunity before the
so-called 4" wave.

Moderating variables:

Healthcare Access — Supply (supply HCA): The number of
physicians working in health care per 10000 inhabitants
in 2019 as an indicator of the HCA supply for poviat and
voivodeship [23]. This is a good proxy for capacity and ac-
cessibility of healthcare (public and private).

Healthcare Access — Demand (demand HCA): The num-
ber of consultations in primary care provided in 2019 for

poviats and voivodeships as an indicator of the demand

for HCA [23]. Pearson correlation between demand HCAs

in 2019 and 2020 is 0.998 [7], so no significant regional

changes have been observed in the demand for HCA due

to the pandemic. Demand for HCA is a complex conglom-
erate of attitudes towards healthcare (i.e., level of trust in

the effectiveness of treatment offered by public health-
care), perceptions of accessibility (i.e., how easily one can

reach healthcare facilities), and disease burden (i.e., elder-
ly and inferior health populations are more likely to seek

for healthcare).

Dependent variables:

¢ Normalized incidence Sep/Oct’21: 2-week incidence of
COVID-19 notifications (21.09-04.10.2021) during the be-
ginning of the so-called 4*" epidemic wave for a poviat [21].

® Normalized deaths Sep/Nov’21: Crude mortality rate —
Cumulative number of COVID-19 death cases (15.09-
21.11.2021) during the so-called 4" epidemic wave per
poviat divided by its population size [24].

¢ Normalized hospitalizations: Number of occupied hospi-
tal beds (14.10.2021) at the beginning of the so-called 4
epidemic wave per voivodeship divided by its population
size [25].

e Obser-Co: The fraction of seroconverted [26] per voivode-
ship in a random (by design) sample as a proxy for immu-
nity level collected during 29.03-14.05.2021. This variable
is a good proxy of post-infection acquired immunity as this
time frame was the end of the 3rd epidemic wave and at
the start of the vaccination roll-out was at the beginning.

The dynamics of the SARS-CoV-2 spread vary across the
spatial clusters and initial conditions as the number of index
cases and immunity levels could lead to different phases at
the beginning of each wave. We chose the beginning of the
4t wave for epidemiologic indexes (dependent variables):
hospitalizations and incidence due to relatively equal

distribution of the Delta variants across country, when the
wealthier part of population returns from vacation trips
abroad [27], children return to school (September) but be-
fore the start of the new academic year in October (possible
movement of population to large cities), in order to avoid
some artefacts due to introduction or re-emergence of vari-
ants [6, 28]. For mortality rates, we decided to take a longer
period (up to maximum in incidence of 4th wave), in order to
gather enough data.

HCA access definition

Supply/demand HCA are assumed to be moderating vari-
ables that affect the relationship between the independent
variables (vaccine or post-infection immunity at the end of
the 3™ wave) and dependent variables (seroprevalence and
the 4" wave outbreak outcomes).

Our bidimensional HCA measure is a combination of [5, 14,
29-33]:

¢ Regional healthcare capacity or quality (corresponding to
supply HCA) which other researchers have sought to exam-
ine, such as Health Security Index, Universal Health Coverage
Index, Healthcare Accessibility and Quality Index, Human
Development Index, number of physicians or nurses per
capita, number of hospital beds per capita, government and
total health spending per capita, number of tests performed
per capita, Cumulative Standardized Testability Ratio;

Behavioral patterns of using healthcare related to population
demographic or comorbidity structure (corresponding to de-
mand HCA) which other researchers were trying to capture
by age structure (e.g., share of seniors), BMI (e.g., share of
obese), pulmonary or immunodeficiency diseases preva-
lence, number of medical consultations, share of smokers;

The affective social conditions corresponding to the way
how people are likely to seek healthcare services (corre-
sponding to demand HCA) which other researchers have
tried to capture by the prevalence of magical thinking (e.g.
interests in alternative medicine), ethnic structure, politi-
cal populism, income inequality (e.g. intra- or inter-region-
al Gini coefficient), trust (in medical professionals, govern-
ment or science) and affective autonomy (the normative
tendency for people to maximize their own utility).

Thus, our socio-medical concept of HCA is covering
a wide range of complex constructs and the goal of this pa-
per is to demonstrate its importance.

Regression models
We provide an empirical, rather than theoretical, ap-

proach for analyzing the links between the dependent and
independent variables moderated by covariates (HCA).
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The commonly used approach (though not the state of the
art [34]) for assessing a causal model is a multiple regression
analysis [35] with interactions between variables (moderat-
ing and independent). Multiple linear regression was pro-
posed in 4 equations ne{1,2,3,4} with 4 predictors consist-
ing ofie{1,2} independent and €{3,4} moderating variables:

D @i @x; ()

i#]

4
Yn(Z) =a™+ Z ai"Xi(z) +
i

Where generally: Y_are dependent variables; X, and X,
are independent variables; X, and X, are moderating variables,
XiXj are 2- way interactions terms among the predictors.

Where specifically: Y, — seroprevalence — Obser-Co; Y, —
Normalized Hospitalizations; Y, — Nor-
malized incidence Sep/Oct’21; Y, — Nor-
malized deaths Sep/Nov’21; z is one of
18 voivodships for Y, and Y, or one of
380 poviats for Y, and Y,; X, — Cumula-
tive No. cases per capita (independent
variable); X, — Fraction of vaccinated (in-
dependent variable); X, — Healthcare
Access — Supply/supply HCA (moderat-
ing variable); X, — Healthcare Access -

Demand/demand HCA (moderating 0.14
variable); a are intercepts (without sub- T
script indices) and slope parameters 7
(with subscript indices). ‘:E

Flow of explained variance of each §

dependent Y _variable (in %) by predic-
tors X, and interactions among them is
drawn on diagrams (Fig. 3-6). Models
at the level of each geographical unit
(poviat and voivodeship) should be
compared separately. Because there is
a known geographical phenomenon that
the use of larger spatial units (NUTS-2/3,
voivodeships) results in a better adjust-
ment of statistical models (higher ex-
plained variance), due to the aggregation
(averaging) of data for these units [36].
Graphical representation of possible
causation links on diagrams is an infor-
mal visualization tool in our case, but
has a formal mathematical form [37]
for instance in Structural Equation Mod-
eling (SEM), Path Diagrams or Directed
Acyclic Graphs (DAG). Our model does
not formally recognize independent or
moderating variables, so presentation
of directionality of interactions terms on
diagrams is convention only.

WOH puewaq

Data exploration

Descriptive statistics of variables were analyzed. Clusters
of correlated related variables can be noticed in a hierarchi-
cal arrangement of the correlation matrix and corresponding
dendrograms (Fig. 1).

There is a very strong and significant (R = 0.74, p-V = 0.03)
correlation between the demand for HCA and cumulative
cases per capita (Fig. 1 Top). To remind, demand HCA was as-
sessed before the pandemic started, thus geographic distri-
bution of reported normalized cases aggregated over the first
three waves is highly dependent on the structural patterns of
how people tend to use healthcare. On the other hand, the
supply of HCA is strongly correlated with the vaccination rate
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Link between Supply HCA and vaccination and mortality
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Figure 2. Map of the selected significant determinants of COVID-19 outcomes on poviat level. Left: with Supply HCA, Right: with demand HCA

(R =0.59, p-V = 0.09). This could mean that the vaccination

program was more popular in regions with higher healthcare

capacity. On the voivodeship level (Fig. 1 Right) seropreva-
lence is significantly and negatively correlated with demand

HCA (R =-0.43, p-V = 0.05) as well as negatively correlated

with cumulative cases (R =-0.51, p-V = 0.06). It is important
to note the paradox, that higher reported cumulative cases
correspond to lower seroconversion rate, which can only be

explained by the structural geographical biases (for instance,
due to intra-voivodeship variation in the variables being

compared or inter-voivodeship variation of undiagnosed

cases). Unfortunately, hospitalization rates are not available

on poviat level, so we choose to visualize geography of cu-
mulative and current incidences mediated by demand HCA

(Fig. 2 right) and vaccination rates and crude mortality mod-
erated by supply HCA (Fig. 2 left).

Mapping (Fig. 2) shows that both moderating HCAs are
highly granulated and do not cluster spatially to such extent
as independent variables [6-7]. Thus, due to high heteroge-
neity within even close geographic neighborhoods (for in-
stance between big cities and rural poviats), analysis on the
level of voivodeship could be not sufficient.

Regression models

The following predictor variables were used: vaccination
coverage, cumulative case notifications, conditions moderat-
ing supply/demand HCA as well as 2-way interactions among
them (Tab. 1, Fig. 3-6).

The models presented in Table 1 were not selected ac-
cording to statistical criteria. Therefore, there may be other
models based on the same set of predicting variables with

26%
Post-Infection Immunity 9
(Cumulative No. Cases/per
capita) 21%
7% eroprevalence
12% 3Ty o
5%

Post-Vaccination

Immunity

(fraction of vaccinated)

2%

Figure 3. Explained variance of seroprevalence at the end of 3rd wave — immunity level estimation from Obser-Co [26] on voivodeship level
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a better fit. However, these simple regressions allow us to
highlight which variables and which interactions need further
investigation. More variance is explained for hospitalizations
(82%) than seroprevalence (61%) on the voivodeship level.
More variance is explained for deaths (25%) than incidence
(23%) on the poviat level. In a series of diagrams, we depict
the explained share of variance for selected dependent vari-
ables of interest as calculated by multiple regression.

HCA (mainly supply indirectly) is significantly influencing
seroprevalence survey results (Fig. 3). Thus, 9% of variance
is explained by the interaction between cumulative case
notifications and supply HCA. It’s worth mentioning that
demand HCA is even significantly correlated with seropreva-
lence surveys (see Fig. 1 Top), which has not been replicated
in the regression model (only 3% of explained variance di-
rectly). Most of the variance in seroprevalence is explained

directly (26%) by cumulative cases notifications. Vaccination
was in a very early stage at the time of the seroprevalence
survey, however there is an interaction pattern between
supply HCA and vaccination (12%).

Hospitalizations seem to be well predicted by vaccina-
tion coverage and cumulative cases notifications (47% of
variance considering also the interaction between them).
HCA (mainly supply) affects hospitalizations (Fig. 4), but 12%
of variance is explained by the interaction between vaccina-
tion coverage and supply HCA.

HCA (mainly demand) is extremely important (Fig. 5-6) to
predict current infections dynamic (incidence and mortality).
It is worth stressing that the direct links between vaccination
coverage as well as cumulative case notifications with current
incidence are statistically negligible (only the interactions
with these terms have some impact).

Table 1. Percentage of explained variance (%Exp) and significance level (p-V) for dependent variables (red) for given selection of predictors

with interactions as independent variables (blue) or moderating variables (yellow)

dependent . . .
. Seroprevalence Hospitalizations Incidence* Deaths
variable
predictor p-V % Exp p-V % Exp p-V % Exp p-V %Exp
cumulative cases 0.129 26 0.022 17 0.480 0 0.112 1
fraction of vaccinated 0.840 0 0.017 20 0.129 0 < 0.001 9
0.889 0 0.022 17 <0.001 3 0.375 0
0.543 3 0.191 4 <0.001 15 < 0.001 13
cumulative cases: 0.330 9 0.719 0 0.006 1 0.172 0
lati .
cumuiative cases 0.976 0 0.564 1 0.594 0 0.875 0
cumulative cases:
} ) 0.900 0 0.027 15 0.003 3 0.012 1
fraction of vaccinated
fraction
B 0.611 2 0.549 1 0.016 1 0.007 1
of vaccinated
fraction
0.266 12 0.038 12 0.461 0 0.364 0
of vaccinated
0.393 7 0.118 6 0.068 1 0.336 0
Residuals - 39 - 18 - 77 - 75

* Incidence is sensitive to quadratic as well 3rd way interaction terms, thus it will need further robustness analysis.
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Crude mortality rate (Fig. 6) in comparison to incidence
(Fig. 5) during the beginning of the 4th wave is less prone to
the confounding effect of HCA. We can see a significant link
between vaccination coverage and crude mortality rate due
to COVID-19 (Fig. 6).

Discussion of regressions

There are multiple possible mechanisms explaining me-
diating role of HCA (however causal statements cannot be
defined as probably both explaining and explanatory vari-
able seems to depend on HCA):

¢ In regions with high healthcare service/worker availability
(supply HCA) patients are more likely to be sampled as sero-
converted (Fig. 3), have a higher chance of finding a hospital
bed (Fig. 4), as well as higher chance of being tested (and get
a positive result) (Fig. 5).

¢ Case notifications, as well as in some extent crude mortality
(Fig. 5, 6) are highly correlated with the way patients are like-
ly to use the public healthcare system (demand HCA), thus in
regions with low demand HCA the real number of infections
seems to be underestimated by documented case notifica-
tions to a higher extent than in places with high demand HCA.

We found that hospitalizations seem to be the most
understandable for a given set of predictor variables (the
highest variance explained and potentially strong model ro-
bustness) as well the least dependent on HCA (Tab. 1, Fig. 4).
On the other hand, incidence is the most difficult to assess
and interpret (the lowest variance explained and weak mod-
el robustness) as well as the most prone to be driven by HCA
(Tab. 1, Fig. 5).

Modeling paradoxes and interpretation

Each epidemiological index is more or less confounded
by HCA in different ways: seroprevalence obtained via sur-
veys and hospitalizations mainly by supply HCA, but docu-
mented case notifications and crude mortality rates mainly
by demand HCA. All of the investigated epidemiologic in-
dexes (Tab. 1) are highly dependent on HCA within a single
country with similar surveillance methodology across re-
gions (at least in theory). Therefore, inter-country compari-
son or measuring effectiveness of vaccination or NPIs for
a selected index lead to possible biases in interpretation [14,
16-18] even unintentionally. As we found that that report-
ed geographic variability of incidence is more prone to be
driven by the socio-epidemiological factors rather than the
dynamic infectious process, all of the ecological analysis us-
ing this outcome must be interpreted with extreme caution.

Moreover, the lack of or even slightly positive correlations
between the reported incidence (during the 3"and 4" wave)
and the vaccination rates by regions was confirmed in our
study as significantly confounded by HCA (Fig. 5). As this ar-
gument is often used by the so-called anti-vaccination and
anti-sanitarian movements, it is worth mentioning that caus-
al relation cannot be claimed with the observed moderating
role of HCA (possibly due to bias in the tendency of seeking
available healthcare in the mild course of the disease). Thus,
vaccination was not only averting hospitalizations [25] or
death tolls [38] in Poland (Fig. 4, 6), but also probably has
reduced transmission probability (at least until the intro-
duction of the Omicron variant), although it may be partially
masked by inequalities in HCA (Tab. 1, Fig. 5).

Limitations and future work

It’s important to mention that regression with incidence
as an independent variable is the least robust (sensitive to
adding 3-way interaction terms as well nonlinear forms of
dependent variables), however this is out of scope of this
preliminary work. This study is only an exploratory, so-
called “zero” approach to illustrate the mediating phenom-
enon due HCA differences between geographical regions.
Our approach has multiple limitations because vaccination
coverage, cumulative case notifications, seroprevalence
and current outbreak dynamics are snapshots from a given
time point and were considered for different time periods.
Due to availability of explained variables on different levels
(voivodeship or poviat) model comparison should be done
with caution. Other possible interfering variables were not
taken into consideration (such as socio-economic-demo-
graphic portrait of the population) and other studies found
that HCA could be collinear with multiple variables [39].
Further causal modeling using a longitudinal approach is
required to support our preliminary observations. These re-
sults are specific to the Polish population/healthcare system
and the role of the HCA could be different in other settings.

Recommendation

The moderating roles of HCA could change over time.
However, this simple analysis suggests that including HCA
indexes into models of disease dynamics will increase their
short-term (meteorological conditions could be added as
well [40]) and could increase long-term predictive power.
Only triangulated pictures based on reported cases (with es-
timates of undiagnosed infections), deaths (due to COVID-19
and excess mortality), and hospitalizations (separately with
and due to COVID-19), may allow for epidemiological in-
terpretation. Thus, there are mathematical approaches of
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Abstract

Background: Concentration of tumor necrosis factor alpha (TNF-alpha) might be useful in selecting patients
with paroxysmal atrial fibrillation (PAF) who will benefit the most from pulmonary vein isolation. Material and
methods: This is a prospective cohort study among patients with PAF who had sinus rhythm prior to undergo-
ing either radiofrequency ablation or cryoablation procedure. Blood samples were collected at the start of the
procedure and 16-24 h after. TNF-alpha concentrations were measured. Follow-up data was obtained during
a structured telephone interview and 24-hour ECG Holter monitoring 12 months after the ablation procedure.
Results: Thirty seven patients were enrolled. After 12-month follow-up 27 patients maintained sinus rhythm,
8 had recurrence of AF and 2 were lost to follow-up. There was no significant correlation between TNF-alpha
concentrations in any of the samples and the recurrence of arrhythmia (for pre-procedural samples: 1.75 pg/
ml vs. 1.74 pg/ml; p = 0.72; for post-procedural samples: 1.49 pg/ml vs. 1.79 pg/ml; p = 0.16). In patients who
had a recurrence of AF, we observed a decrease in the periprocedural TNF-alpha concentration (-0.12 pg/ml vs
0.05 pg/ml; p = 0.05). Conclusions: Neither pre- nor post-procedural TNF-alpha concentrations are predictive of
ablation outcome in patients with PAF. We observed a decrease in the periprocedural TNF-alpha concentration
in patients who had AF recurrence.
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Background

It is estimated that up to 2% of the population suffers
from atrial fibrillation (AF) [1]. Mechanisms contributing to
the development of AF remain to be fully discovered. Cur-
rently, it is believed that electrical and structural remodel-
ing, changes in atrial cardiomyocytes and inflammatory pro-
cesses play a pivotal role in initiation and perpetuation of AF
[1-2]. The role of inflammatory cytokines deserves special
attention, among which TNF-alpha needs further investiga-
tion. This molecule is synthesized mainly by monocytes and
macrophages which infiltrate tissues during inflammatory
processes, e.g. as a response to injury [3]. Immunological-
ly active monocytes/macrophages infiltrate the atrial mid-
myocardium more extensively in patients with AF compared
to those with sinus rhythm [4]. Animal models of TNF-alpha
overexpression in the heart reveal a predisposition to atrial
arrhythmias such as premature atrial beats, atrial flutter and
AF, as well as increased collagen deposition [5]. Injection of
TNF-alpha into Swiss albino mice leads to atrial fibrosis and
altered connexin-40 expression [6]. In vitro studies have
shown that TNF-alpha can increase the arrythmogenicity of
pulmonary vein cardiomyocytes and influence cellular calci-
um homeostasis [7].

We hypothesized that the inflammatory reaction to
atrial tissue damage measured by the change in TNF-alpha
concentration could predict pulmonary vein isolation (PVI)
outcome. The aim of our study was to compare TNF-alpha
concentrations pre- and post-procedurally in patients who
underwent pulmonary vein isolation due to paroxysmal AF
(PAF) with and without recurrence of arrhythmia.

Material and Methods

We performed a prospective cohort study among pa-
tients with PAF undergoing radiofrequency (RF) ablation or
cryoablation. PAF was defined according to the current ESC
guidelines [1]. Patients who underwent the ablation proce-
dure in the past were disqualified from the study. The proto-
col of the study was approved by the local ethics committee
(ID: KB 46/2011). Informed written consent was obtained
from each patient.

Exclusion criteria included any disease that is known to
influence the TNF-alpha concentration, including heart fail-
ure (Table 1). Patients were also excluded from the analysis
if AF was the initial rhythm observed at the beginning of the
ablation procedure. Blood samples from a peripheral vein
were obtained from each participant twice: before insertion
of the ablation catheter into the vessel at the beginning of
the ablation procedure and 16-24 h after. The blood was
then centrifuged, serum was stored in -70°C. TNF-alpha
levels were measured by high-sensitivity ELISA kit (R&D,
Human TNF-alpha Quantikine HS ELISA Kit). Concentration
> 30 pg/ml was recognized as an extreme value and ex-
cluded from the analysis according to the Tukey principles.
Analyzed values included pre-procedural, post-procedural
TNF-alpha concentration and the assessment of its peripro-
cedural dynamics. Periprocedural TNF-alpha serum variations

Table 1. Exclusion criteria

Heart failure

Symptoms of inflammation during the clinical
examination (e.g. signs or symptoms of
pneumonia, urinary tract infection, dysuria,
productive cough, skin ulceration)

History of myocardial infarction, stroke,
burn wound, frostbite, major trauma or surgery
within the past 30 days

History of autoimmune disease or vasculitis

Cirrhosis with ascites

Primary hyperaldosteronism, pheochromocytoma

Chronic kidney disease

Subarachnoid hemorrhage

Sarcoidosis, amyloidosis, hemochromatosis

Cardiac neoplasms

History of purulent dermatitis
within the past 14 days
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were calculated as a subtraction between post-procedural
and pre-procedural TNF-alpha concentrations. The inflam-
matory response is dynamic only in the early post-ablation
period, therefore we did not analyze TNF-alpha concentra-
tion during hospitalization.

Table 2. Baseline characteristics

of the study population Study group

(n = 37)

Age (years) 55.7 (SD 7.85)

Sex (male) 59.5%

Body Mass Index (kg/m?2) 28.42 (SD 4.18)

Median time from
diagnosis (months)

36 (IQR 19-108)

Median atrial fibrillation
episodes frequency
(per month)

1 (IQR 0.33-5)

Median duration

of arrhythmia episode 8 (IQR 3-24)
(hours)
Symptoms 97.3% (n = 36)
¢ heart palpitations 86.5%
e exercise intolerance 56.8%
o fatigue 51.3%
¢ hyperhidrosis 43.3%
e dyspnea 18.9%

Hypertension 54.1% (n = 20)

Diabetes 5.4% (n = 2)

Dyslipidemia 64.7% (n = 24)

Left atrium appendage
diameter (cm)

4.26 (SD % 0.54)

Left atrium systole
surface (cm?)

17.16 (SD * 4.04)

Left atrium diastole
surface (cm?)

23.65 (SD # 5.23)

All the patients had 24-hour Holter electrocardiograph
(ECG) monitoring performed at least 4 times per year and
were instructed to perform an ECG in case of palpitations.
AF recurrence was defined as AF episode lasting > 30 sec-
onds registered by the 3-lead 24-hour Holter ECG. The
guidelines recognize 24-hour Holter ECG monitoring as
a follow-up method. We are aware that the longer the
tachycardia is monitored, the more often silent (asymp-
tomatic) AF is detected. However, at present the goal of
ablation is to improve the quality of life, not to eliminate
atrial arrhythmia. In this approach, the main focus was
on symptomatic AF. Follow-up data was obtained during
a structured telephone interview 12 months after the ablation
procedure, focused on identifying episodes of AF recurrence.

Statystical analysis

SAS 9.3 (SAS Institute, Cary, USA) was used for statistical
analysis. All variables were tested for a normal distribution
with the Shapiro-Wilk test. Normally distributed continuous
variables are represented as mean + standard deviation (SD)
and nonnormally distributed continuous variables are repre-
sented as median [25th-75th percentile (IQR)]. Categorical
variables are presented as number (percentage). Statistical
comparisons for normally distributed continuous variables
were performed with the Student t-test. TNF-alpha concen-
trations were not normally distributed, therefore Wilcoxon
test was performed to compare the concentrations between
patients with recurrence of AF and successful ablation as
well as between the pre- and post-procedural samples.
Statistical comparisons for categorical variables were per-
formed with the x2 test. Spearman’s rank correlation coeffi-
cient was used to calculate the correlations.

Study population

Out of 82 patients with PAF qualified for their first-time
ablation procedure, 37 patients met the inclusion criteria
and were enrolled in the study [22 male (59.5%),15 female;
mean age 55.7 + 7.85 years]. The median time since diagno-
sis of AF was 36 months (IQR 19-108 months), the median
duration of AF episodes was 8 hours (IQR 3-24 hours) with
the median AF episode frequency of 1 per month (IQR 0.33-5
per month). Baseline characteristics of the study population
are shown in the Table 2. The most common concomitant
diseases were hypertension (54%) and dyslipidemia (65%).

Twenty one patients underwent RF ablation whereas
16 patients underwent balloon cryoablation with the me-
dian duration of the ablation procedure of 2.5 hours. De-
tailed periprocedural data are shown in Table 3. A suc-
cessful PVI was achieved in all patients. At the time of
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Type of procedure

Study group

RF ablation Cryoablation
Number of patients 37 21 (57%) 16 (43%)
Duration of procedure (hours) 2.5 (IQR 2.1-3.2) 2.42 2.58
Number of applications 22 (IQR 11.5-34) 30 11.5
Duration of applications (minutes) 45.7 (IQR 31-67) 33.1 63.8
Heart rate at discharge (beats per minute) 73 (SD £ 11) 75 71

RF — radiofrequency

discharge from the hospital, 34 patients had sinus rhythm (SR).
During 12-month follow-up period 27 patients maintained
stable SR, whereas 8 had recurrence of AF. Two patients
were lost to follow-up.

Serum samples analysis

The median TNF-alpha serum concentration was 1.75
pg/ml (IQR 1.39-2.19 pg/ml) in the pre-procedural sample
and 1.69 pg/ml (IQR 1.41-2.29 pg/ml) in the post-procedural.
No significant difference in the TNF-alpha concentrations
between the samples in the whole studied group was ob-
served (p = 0.91).

. recurrence group . non-recurrence group

pre-procedural
sample (p =0.99)

post-procedural
sample (p =0.07)

TNF alpha
variation (p = 0.25)

Figure 1. TNF alpha concentrations (pg/ml) and recurrence

of arrhythmia in RF ablation group

TNF-alpha levels and recurrence
of arrhythmia

There was no significant difference between TNF-alpha
serum concentrations in any of the samples when com-
paring the recurrence and the non-recurrence groups (for
pre-procedural samples: 1.75 pg/mlvs. 1.74 pg/ml; p = 0.72;
for post-procedural samples: 1.49 pg/ml vs. 1.79 pg/ml;
p = 0.16). No correlation was observed between TNF-alpha
serum concentration and the recurrence of AF after both
types of ablation procedure (Figures 1 and 2). However, the
analysis revealed a significant decrease in the periprocedural

. recurrence group . non-recurrence group

1.88 1.88

post-procedural
sample (p = 0.64)

TNF alpha
variation (p = 0.35)

pre-procedural
~ sample (p = 0.54)

Figure 2. TNF alpha concentrations (pg/ml) and

recurrence of arrhythmia in cryoablation group
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TNF-alpha serum levels in the recurrence group when the
entire study group was analyzed (TNF-alpha variation -0.12
pg/mlvs. 0.05 pg/ml; p = 0.05).

Subanalysis of TNF-alpha
concentrations in RF ablation
and cryoablation groups

There was no significant difference in the TNF-alpha
serum concentrations of the patients from the RF ablation
group and cryoablation group in any of the samples (for
pre-procedural samples: 1.75 pg/ml vs. 1.78 pg/ml p =
0.86; for post-procedural samples 1.61 pg/ml vs. 1.88 pg/
mlp =0.22).

TNF-alpha levels and other variables

A positive correlation between TNF-alpha levels in the
pre-procedural and post-procedural sample was observed
(r=0.59; p<0.001). Baseline TNF-alpha serum concentration
were not influenced by any of the following variables: age,
sex, BMI, median time from diagnosis of arrhythmia, median
duration of arrhythmia episode and median atrial fibrillation
episodes frequency, renal function, left atrial diameter, time
of procedure and summarized time of applications.

Although neither pre-procedural nor post-procedural
TNF-alpha concentration were associated with ablation out-
come, the periprocedural decrease of this parameter was
more common in the AF recurrence group. To the best of
our knowledge this is the first study that evaluated peripro-
cedural dynamics of TNF-alpha concentrations as a predic-
tive factor for ablation outcome in this selected group of
patients. Inclusion of patients with PAF with sinus rhythm
and without heart failure prior to the procedure is one of the
advantages of presented results.

Our results are opposite to those in the literature, which
demonstrate the involvement of TNF-alpha in the pathogen-
esis of AF and suggest that AF recurrence would be associat-
ed with an increased concentration of TNF-alpha or its rise
in the periprocedural period [4-7]. However, all our patients
had a history of AF. TNF-alpha is one of the basic cytokines
which are present in the early stage of the inflammation. This
185-aminoacid glycoprotein peptide hormone is produced
mainly by macrophages and monocytes. TNF-alpha stimu-
lates secretion of other proinflammatory factors such as IL-6
and IL-8 initiating the inflammatory reaction [8]. In an animal
model of AF it was shown that TNF-alpha induces sustained
atrial fibrosis [6] which plays a central role in the pathophysi-
ology of AF [9]. In post-operative AF, TNF-alpha was identified
as one of the mediators involved in the alternative pathway
of local inflammation caused by surgical incision [10].

Wau et al. showed that an increase in circulating inflamma-
tory factors such as CRP and IL-6 is associated with a higher
risk of AF in the general population and patients undergoing
CABG and with recurrence of AF after EC or ablation [18].

Frustaci et al. demonstrated that endomyocardial biopsy
of the septal region of the right atrium in patients with lone AF
showed histological abnormalities (e.g. lymphomononuclear
infiltrates, necrosis of the adjacent myocytes, severe hyper-
trophy, vacuolar degeneration of the atrial myocytes, patchy
fibrosis) in contrast to the normal histology results in the con-
trol group. Over 60% of patients fulfilled the histological diag-
nosis of atrial myocarditis, 16.5% of non-inflammatory cardio-
myopathy and remaining 16.5% of patchy fibrosis [11]. These
discoveries support hypothesis that inflammatory processes
that occur in the atria may be a reaction to atrial tissue injury.
AF could be therefore one of the manifestations of atrial myo-
carditis secondary to injury.

On the other hand, it is possible that a decrease in
TNF-alpha concentration within the first 24 hours after ab-
lation is an indicator of impaired immunological reaction
to myocardial injury resulting in prolongation of the inflam-
matory process. Moreover, 24 hours might be too short to
observe changes in the TNF-alpha concentration in the post-

-ablation period. Sata et al. showed that TNF-alpha, interleu-

kin 6 and C-reactive protein levels were higher in patients
who underwent pharmacological cardioversion because of
first AF episode compared with healthy controls. However,
no difference was found between TNF-alpha sample taken
before cardioversion, 24 hours later and 2 weeks later after
conversion to sinus rhythm based on a group of 15 male pa-
tients, aged between 41 and 69 years (mean, 58 years) and
had no history of organic heart diseases (e.g. valvular or cor-
onary artery diseases and cardiomyopathy). In the control
group there were 11 male patients with normal SR (mean
age, 57 years; age range, 47 to 67 years) [12].

This may suggest that inflammatory processes related to
AF are more profound and systemic. Some epidemiological
data show that inflammation is one of the underlying pro-
cess in AF. In a long-term observation of 2863 participants
of the Framingham Offspring cohort, an increase in the in-
flammatory biomarkers was associated with more frequent
incidents of AF [13]. Similar conclusions were drawn by the
researchers from the Cardiovascular Health Study [14] and
from the paper by Sata et al. [12]. In patients with AF, the
TNF-alpha concentration, similarly to other inflammato-
ry biomarkers, was elevated in comparison to the control
group. The biomarker profile was different depending on the
specific type of AF. TNF-alpha was lower in patients with par-
oxysmal AF and higher in patients with permanent AF [15].

Rafaqgat et al. described the role of metabolic syndrome
biomarkers in the pathogenesis of AF. TNF-alpha has been
shown to contribute to the pathogenesis of chronic AF. Pa-
tients with valvular AF also showed high levels of TNF-a, more
severe leukocyte infiltration and greater fibrosis. The level of
IL-6 associated with increased left atrial size is a well-known
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risk factor for AF. Interleukin-10 and TNF-a levels influenced
AF recurrence after ablation [17].

One of the reasons for the lack of differences between
pre- and post-procedural concentrations of TNF-alpha might
be connected to the fact that ablation using different sourc-
es of energy cause specific damage to cardiomyocytes. Al-
though statistically insignificant, we observed that TNF-alpha
levels fall after RF ablation, contrary to the concentration in
the cryoablation group. In an animal model, Aupperle et al.
demonstrated that endocardial cryoablation induces differ-
ent type of endocardial, transmural and epicardial injury in
comparison to RF ablation [16].

Kimura et al. showed that high levels of MMP-2 (Matrix
metalloproteinase-2) accompanied by high levels of TNF-a
were an independent predictor of AF recurrence [19]. MMP-2
and TNF-alpha levels may be useful in predicting the initial
response to the ablation of AF.

Neuromodulation is a new treatment for AF. A study by
Stavrakis et al. is the first to investigate the anti-arrhythmic
and anti-inflammatory effects of LLTS (low-level tragus stim-
ulation) in humans. 40 patients with paroxysmal AF qualified
for ablation were randomly assigned to the 1 h LLTS. Patients
were divided into 2 groups of 20 in the LLTS group and the
sham control group. There were no statistically significant
differences between the groups in the baseline clinical and
echocardiographic characteristics. The study consisted of
placing a flat metal clip on the tragus causing LLTS (20 Hz)
in the right ear (50% lower than the voltage that slows the
sinus rhythm). Under general anesthesia, atrial fibrillation
was induced by pulsatile atrial stimulation at the beginning
and 1 hour of LLTS or sham treatment. Subsequently, blood
samples were taken from the patients from the coronary
sinus and the femoral vein at the above-mentioned time
points. Blood was analyzed for inflammatory cytokines such
as TNF alpha and CRP. The study demonstrated for the first
time in humans that the duration and inducibility of atrial
fibrillation and the levels of inflammatory cytokines were
non-invasively suppressed by the low-level transcutaneous
electrical stimulation of the tragus [20].

Cetin et al. showed that rosuvastatin reduces the lev-
els of inflammatory cytokines, including TNF-alpha [21]. It
can be concluded that rosuvastatin has a protective effect
against inflammation. In our study, 13 patients were treat-
ed with statins and received their doses of those drugs be-
fore and after ablation. The dosing of the drugs was not
changed during the periprocedural period. It can be con-
cluded that in our cohort the statins did not have an effect
on the dynamic of TNF-alpha levels. This is confirmed by
the fact that in 7 patients treated with statins we achieved
reductions in TNF-alpha.

Limitations

We did not analyze whether the level of myocardial inju-
ry assessed by concentration of myocardial necrosis protein

during ablation correlate with TNF-alpha. We did not control
other indicators of inflammatory reaction such as C-reac-
tive protein. No correlation between left atrium parameters
(LAVi) and AF recurrence was analyzed. We didn’t perform
comparison analysis or subanalysis in subgroups with hyper-
tension or dyslipidemia. The group of patients included in
the study was not large although sufficient to perform reli-
able statistical analysis. After ablation, antiarrhythmic drugs
were discontinued. In the event of AF recurrence, the anti-
arrhythmic drugs were ordered by the family physician. In
our opinion ordering antiarrhythmic drugs did not affect the
number of recurrences. Our group was too small for multi-
variate analysis. This is a preliminary study to a larger study
which will take these factors into account.

Clinical implications and future research

Our results show that the periprocedural dynamics of
TNF-alpha are involved in the recurrence of AF. Future studies
should concentrate on whether influencing the post-ablation
healing processes in the atria might result in better scar for-
mation and as a result more effective ablation results. An-
other question is if the fibrotic processes might be altered
in patients with a decrease in TNF-alpha. Obtained data also
suggest that injury to atrial tissue caused by RF ablation and
cryoablation results in different secretion profile of TNF-

-alpha. This observation deserves further research.

Neither the pre-procedural nor post-procedural TNF-al-
pha concentrations are predictive of ablation outcome in
patients with PAF. However its periprocedural decrease is
associated with AF recurrence. TNF-alpha is a stable bio-
marker during the periprocedural period in patients with PAF
patients undergoing their first ablation procedure.
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Abstract

Background: To improve the effectiveness of lung cancer screening using low-dose computed tomography
(LDCT), the presence of smoking-related comorbidities that may significantly affect mortality in this group should
be taken into account. Material and methods: A questionnaire survey and spirometry tests were conducted in
a group of 730 respondents as part of a lung cancer screening study between 2016 and 2018. People diagnosed
with COPD underwent a three-year follow-up to assess the incidence of medical events. Results: Our study
confirmed that cardiovascular diseases (CVDs) were the most common comorbidities in patients who were dia-
gnosed with COPD and participated in LDCT lung cancer screening. Among the CVDs, the most common were
arterial hypertension (45.8%) and coronary artery disease (12.5%). Tobacco-related diseases (e.g. CVD, lung can-
cer, and exacerbations of COPD) were the leading causes of emergency department visits and hospitalizations.
The number of visits due to COPD in specialized clinics more than doubled in the observed period. Conclusions:
Properly planned screening tests allow not only for the detection of the disease for which they were designed
but also for the assessment of comorbidities. In patients undergoing lung cancer screening, it is justified to
extend the diagnostics to include spirometry.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a major
health problem worldwide [1]. According to the World Health
Organization (WHO), it is the third leading cause of death af-
ter coronary artery disease and stroke [2]. The most signifi-
cant risk factor for COPD is exposure to tobacco smoke [3].
Changes caused by harmful gases and particles lead not only
to local inflammatory processes in the airways, but also to
systemic inflammation responsible for the considerable co-
morbidities found in COPD patients [3-5]. According to avail-
able data, individuals with COPD have a five-fold higher risk of
developing cardiovascular diseases and a two-fold risk of lung
cancer compared with smokers without COPD [6-8].

Data from randomized trials targeting the smoking pop-
ulation shows that low-dose computed tomographic (LDCT)
screening, through secondary prevention, reduces lung can-
cer mortality in this group [9-11]. To improve the effective-
ness of LDCT screening, trials assessing the potential benefits
of combined oncological-pulmonary screening have been
conducted in many countries [12-14]. In Poland, there is still
not enough epidemiological data about the prevalence of
COPD [4]. There is a significant need to assess the impact of
lung cancer comobribidities on LDCT screening effectiveness.
Therefore, after lung canceer screning programmes, observa-
tional studies on medical outcomes of participants are con-
ducted. In this article, we present the data from a three-year
follow-up of Polish LDCT screening trial participants in whom
complete spirometry was performed to detect COPD.

Patients and methods

To establish the prevalence of main tobacco-related co-
morbidities among participants of the lung cancer screening
program “MOLTEST-BIS: Validation of molecular signatures of
early lung cancer in the high-risk group”, started in 2016 [15],
we conducted an additional investigation to assess the preva-
lence of COPD. The eligibility criteria were based on the lung
cancer screening trial criteria were as follows: aged 50 to 79
years, citizens of Pomeranian Voivodeship, with a smoking
history of over 30 pack-years, and either current or former
smokers (but only those who had quit smoking no more than
15 years before the screening). Patients provided written

informed consent to participate in the study. The study was
approved by the Independent Bioethics Committee for Scien-
tific Research at the Medical University of Gdansk (approval
No NKBBN/173/2016).

Standardized questionnaire surveys that included ques-
tions about the patients’ medical histories, previous diseases,
medications, smoking histories and respiratory symptoms were
distributed. All participants then underwent physical examina-
tion and spirometry with a bronchodilator reversibility test.

We established the prevalence and staging of COPD ac-
cording to the Global Intiative for Chronic Obstructive Lung
Disease (GOLD) criteria (3). We also assessed the impact of the
disease on quality of life and published that analysis separate-
ly [16]. All participants diagnosed with COPD were informed
about their spirometry results and the necessity of special-
ized pulmonary care to implement appropriate treatment.
They underwent a three-year follow-up observational study.

In cooperation with the Agency for Health Technology
Assessment and Tariff System (AOTMIT) and according to the
agreement with the Medical University of Gdansk, we per-
formed an assessment of participants’ main causes of death,
hospitalizations and number of COPD-related visits in special-
ized healthcare centers until the end of 2020. The analyses
were performed based on the International Classification of
Diseases, Tenth Revision (ICD-10) coded data from Statistics
Poland (Gtéwny Urzad Statystyczny).

Patients were identified in the National Health Fund data-
base, which is implemented in the AOTMIiT’s data archive sys-
tem. Episodes of hospitalizations, outpatient specialist care
and basic medical care (with the main ICD-10 codes) from the
period of two years before and three years after the date of
examination in the screening trial were arranged chronologi-
cally. Then, episodes of visits and hospitalizations by main dis-
ease were summarized at six-month intervals, starting from
the date of examination. As a result, the number of visits
and hospitalizations was presented in the six-month interval
periods before and after the date of the study. A different
scenario was applied to summarize the number of patients,
which was counted incrementally starting from the date of
examination in the screening trial. A period of six months
was applied, thus the number of patients was presented in
six-month follow-up intervals as well as in six-month period
intervals before the date of the study. Descriptive statistics
were used to summarize and present the data.
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The records of 730 participants (335 women and 395
men) from the lung cancer screening program MOLTEST-BIS
were analyzed. The mean age of the men and women partici-
pating in the study was similar (63.5 vs 63). Based on spirom-
etry results before and after bronchodilator administration,
144 COPD cases (19.7%) were diagnosed (86 men and 58
women). Most cases detected were in the mild stage of the
disease, according to the GOLD classification. These results
are presented more precisely in a separate article [16].

Table 1 presents the data on the main comorbidities
among COPD patients at the beginging of the programme.
Comorbidities were recorded based on the questionnaire
data. The most common chronic disease reported by the
participants was hypertension (45.8%), followed by coronary
artery disease (12.5%), diabetes (11.8%) and atrial fibrillation
(10.5%). Asthma was reported by 9.7% of the respondents,
which required a differential diagnosis with COPD.

The mean duration of follow-up after the screening was
44 months (SD 8.3). We assessed the main causes of death,
hospitalizations and visits to specialized healthcare centers
among all respondents with COPD diagnoses. Five deaths

Table 1. llinesses coexisting with COPD (NCSTL)

Hypertension 66 (45.8%)
Coronary artery disease 18 (12.5%)
Diabetes 17 (11.8%)
Atrial fibrillation 15 (10.5%)
Bronchial asthma 14 (9.7%)
Neoplasm (excluding lung cancer) 11 (7.6%)
Atherosclerosis of lower 11 (7.7%)
extremities
Valvular heart disease 10 (6.9%)
Myocardial infarction 7 (4.9%)
Stroke 5 (3.5%)
Atherosclerosis of carotid arteries 4 (2.8%)
Renal failure 3 (2.1%)
Aortic aneurysm 2 (1.4%)

were reported during the follow-up period. Causes of death
according to the ICD-10 code and the most common causes
of visits to the Emergency Departments (ED) during three-
year observation are presented in Tables 2 and 3, respectively.
Most commonly, patients were admitted to the ED due to car-
diovascular diseases (CVD), particularly atrial fibrillation (148)
and hypertension (110). The next most common causes of pa-
tients’ visits to the ED were lung cancer (C34) and COPD (J44).
Additionally, one hospitalization was coded as dyspnoea

Table 2. Causes of death according

Cerebral infarction due to
unspecified occlusion or stenosis 163.5
of cerebral arteries
Atherosclerotic
cardiovascular disease 125.0
Bacterial pneumonia, not specified J15.9
Malignant neoplasm of cis.8
overlapping sites of oesophagus 5.
Malignant neoplasm of overlap-
pinggsites of bronehus and Iunpg C34.8
Table 3. Causes of visits to the
Emergency Department (ED) o ED >
U 0
Cardiovascular 34/110
diseases (31%)
e Atrial fibrillation 11 (10%) 148
e Hypertension 10 (9.0%) I10
e Chest pain 6 (5.4%) RO7
e Atherosclerotic
cardiovascular disease 2 (1.8%) 125
e Palpitations 2 (1.8%) R00.2
e Observation for
suspected myocardial 2 (1.8%) 203.4
infraction
e Stroke 1 (0.9%) 163
16/110
Lung cancer (14.5%) C34
12/110
COPD (11%) J44
46/110
Others (42%)
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(R0O6) and another as a different respiratory disorder (J98).
Other causes of visits to the ED were reported very rarely.

Table 4 presents the most common causes of hospital
admissions. The most common cause of hospitalization
was cataracts (17.6%, ICD codes H25 and H26). Additionally,
12.2% of hospitalizations were due to CVD, 7.5% were due
to lung cancer and almost 5% were related to COPD. Oth-
er causes of hospitalization occurred sporadically and thus
have not been analyzed.

Table 5 shows the number of visits to specialized health-
care centers related to COPD before and after the screening

Table 4. Causes of

program in semi-annual periods. The total number of visits
within three years of follow-up was 3384. A two-fold in-
crease in the number of visits related to COPD was found
after the screening. There were 95 visits during the two-year
pre-screening observation, compared with 212 visits in two
years of follow-up and 300 in three years of follow-up.

In many research centers, additional attempts have
been made to assess the prevalence of COPD during lung
cancer screening programs. These data are heterogeneous
and depend on the diagnostic criteria and individual char-
acteristics of the studied population [16]. The prevalence

hospital admissions ad 0 0 of COPD among participants of lung cancer screening is
04 reported to be as high as 60% [17-18]. In the Polish lung
cancer screening program, MOLTEST-BIS, the prevalence
Cat t 36/204 H25- o . .
atarac (17.6%) -26 of COPD was almost 20% [27]. According to National Lung
Screening Trial (NLST) data, mortality from lung cancer, car-
Cardiovascular 25/204 diovascular diseases and respiratory failure among patients
diseases (12.2%) . . . . . . .
with COPD in USA increases with the increasing severity
. of the disease [19]. COPD is a known risk factor for CVD
e Atherosclerotic 12 125 . .
cardiovascular disease and lung cancer, independent of smoking status [7]. More-
over, patients with COPD tend to have a longer duration
* Atrial fibrillation 4 148 of hospitalization and an increased risk of 30-day mortality
after myocardial infarction, exacerbations of heart failure
* Stroke 3 163 and cardiac or surgical procedures [7, 20-21]. To achieve
o Dyeerds) lifmeien > 21 the highest effectiveness -of lung -cancer scr.eéning, it‘is
recommended to pay special attention to participants with
« Hypertension 5 10 coexisting COPD [12, 19, 22-23]. According to epidemiological
e Cardiac arrest 1 146
e Pulmonary embolism 1 126 Table 5. Number of visits to
specialized healthcare centres
Lung cancer %75/320%‘; C34
. %0/204; v Before the screening trial
4.9%
4th semi-annual period 437 15
q 7/204 _
Hernia (3.4%) LG 3rd semi-annual period 429 31
PreSiEie CanaEar (52/%(3/21) c61 2nd semi-annual period 439 23
1st semi-annual period 402 26
Breast cancer (‘;/ %9/4) C50
270 After the screening trial
Pneumonia (3;/%9/?) J15-18 1st semi-annual period 554 63
2nd semi-annual period 601 61
Bronchitis S 320 _ :
(1.5%) 3rd semi-annual period 537 50
Larynx cancer (?%9/4) c32 4th semi-annual period 552 38
. 0
5th semi-annual period 568 39
Others 9(‘6‘/7%/0;" - -
0 6th semi-annual period 572 49
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studies conducted in Europe, CVD is the most common
comorbidity associated with COPD, it concerns about 20%
patients with COPD and about 9% without COPD [7, 25-26].
According to the GOLD guidelines, in mild and moderate
COPD the main causes of death are lung cancer and CVD.
Depending on the methodology, they constitute from 12%
to 37% causes of death [27].

Our analysis confirmed that the most common comor-
bidities among participants with COPD were CVDs and the
most common among them was hypertension [7, 24-25].
A comorbidity that required particular attention in the dif-
ferential diagnosis of COPD was asthma, which was report-
ed by 14 participants (9.7%). Due to significant tobacco ex-
posure among these participants, the history of respiratory
symptoms and data on asthma diagnosis had to be more
specific to exclude the asthma-COPD overlap [3].

Patients were most often admitted to the ED due to
smoking-related diseases, such as CVD, lung cancer, and
COPD exacerbations, which together accounted for majori-
ty of the hospitalizations. Whereas the leading single cause
of hospital admission were cataracts and we hypothesize
that those could have been due to planned surgical pro-
cedures. We recorded a lower number of hospitalizations
due to COPD exacerbations compared with other epidemi-
ological studies [26]. This may be related to the early detec-
tion of COPD and the provision of feedback information to
participants about the diagnosis and the necessity of the
immediate start of appropriate treatment.

The effectiveness of the addition of spirometry to the
lung cancer screening program was confirmed by a two-fold
increase in COPD-related visits to specialized healthcare
centers during follow-up (Table 5). Data obtained during
the MOLTEST-BIS program indicate that modification of
screening programs by implementation of new diagnostic
procedures and comorbidity assessment is necessary and
improves their effectiveness.

Precisely planned screening programs not only allow us
to diagnose a disease that they were designed for but also
give us the opportunity to assess patients’ comorbidities.
Lung cancer screening trials are particularly important in this
regard. Among the group of patients with a high burden of
active and passive smoking, it is important to broaden the
screening to assess the presence of COPD and comorbidities.
This would allow those patients to be referred to specialized
healthcare centers and receive appropriate treatment, which
could prevent the progression of the disease and minimize
the risk of future respiratory failure. Further studies are need-
ed to assess the effectiveness of diagnosing and preventing
COPD in this group and the possible correlation of our results
with the assessment of the severity of emphysema and cardi-
ac calcium scoring using LDCT.
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Abstract

Background: Transpedicular screw placement remains the gold standard technique for stabilization of the lum-
bar spine. Material and methods: This is a retrospective study that analyzes patients that underwent the spinal
stabilization surgical procedure. We compared results from two independent neurosurgical centers. In the years
2012-2015, the O-arm and StealthStation neuronavigation system was used for implantation of transpedicular
screws. From 2018 to 2020 the transcutaneous pedicle screw placement procedure was performed using
a standard C-arm device. Results: In 208 procedures performed with the O-arm device, the accuracy of screw
position was 98.08%. Screw repositioning was necessary in 1.92% of all cases. In the 30 procedures that were
performed using the C-arm, the accuracy of the screws was 86.7% and the screw reposition procedure acco-
unted for 10% (in one case screws were not replaced due to clinical sequelae). Conclusions: Our data show
that the spinal fusion with the O-arm tool has more accuracy, thus might be more indicated in procedures that
require minimally invasive spinal stabilization.
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Introduction

There are many causes of spinal instability e.g. to trau-
ma, congenital abnormalities, tumor invasion and degen-
erative process. Changes in lifestyle of the majority of the
population and increasing incidence of obesity, directly
contributes to high demand for low back pain treatment
because of the destabilization as the part of the degenera-
tive process. Because of the reduction in muscle mass along
with increasing body weight, the degenerative processes of
the vertebral discs and facet joints lead to spinal destabiliza-
tion. This process can present with spondylolisthesis of the
adjacent spinal motor segments.

At the same time, patient’s are increasingly interested
in minimally invasive treatment with the maximum reduc-
tion of the stress associated with surgery (e.g. reduced time
of hospitalization and reduced need for painkillers). Spinal
stabilization system with neuronavigation seems to meet
those demands. In this article we present the results of
such procedures in comparison with C-arm technique. In
the beginning of the learning curve, we encountered tech-
nical problems which contributed to the prolongation of the
procedure. Nevertheless, gained experience allowed us to
significantly shorten the procedure time and to preserve its
safety and accuracy.

Correct placement of the screws was widely discussed
in the literature (Fig. 1) [1-3]. However, still it is difficult to
assess the spinal destabilization by referring to one imag-
ing method. Secondly, sufficient level of spine stabilization
differs amongst patients and directly depends on their age,
lifestyle and expected quality of life. Degenerative spon-
dylolisthesis may show that the destabilization process did
occur, although due to natural progression of the degen-
erative process the spine became re-stabilized, therefore
there is no need for screw implantation. In some neuro-
surgery centers, placement of intervertebral implant is
a standalone indication for bilateral transpedicular stabili-
zation. Since the removed vertebral disc accounts in 80%

for motor segment stabilization and intervertebral arthrod-
esis is a prolonged process. The literature does not describe
clear advantages of any technique over another [4-5]. In re-
cent years, placement of the screws could be easily planned
using the O-arm navigation technique, which was first intro-
duced in 2006. Thus, it is possible to plan the exact position
of the screw not only in the pedicle and also in the vertebral
body in order to avoid damage of the adjacent vessels. Al-
though this technique seems to be very accurate with low
number of side effects reported, there are still updates of
inappropriate screw placement or displacement of implant-
ed material due to insufficient bone fusion.

The exact criteria for screw reposition are still unclear.
Taking into consideration only clinical criteria, e.g. post-oper-
ative pain of the spine or post-operative pain radiating to the
lower limbs, seems to be insufficient to asses screw place-
ment. Literature shows that clinical symptoms along with in-
appropriate screw placement that violates more than 4 mm
in the pedicle, is an indication to reposition the screws [6].
More confounding might be the fact that some patients do
not report any symptoms, despite the fact that their comput-
ed tomography (CT) scan shows inappropriate screw place-
ment which violates pedicle or pierces the vertebral body.
Moreover, appropriate fixation of the screws correlates not
only with good transition through the pedicle but also de-
pends on the bone density and its availability to heal.

When comparing the C-arm to O-arm stabilization, the
accuracy of pedicle screw placement seems to be the main
advantage pointing on the O-arm technique [7-10]. Never-
theless, there is still a concern about high radiation exposure,
due to the necessity to perform a 3 dimensional (3D) CT scan
before and after the procedure. We should not forget about
the fact that one CT scan provides the radiation exposure
that is acceptable for one patient in one year period [11].
Based on the recent literature, it seems to be clear that this
radiation exposure might be substantially reduced by ob-
taining a low-dose 3D scan, which offers acceptable imaging
quality [12-15].

Figure 1. Types of screw corridor in transpedicular spinal fusion. A — transcortical screw placement, B — insertion through pedicle with

engagement of the transverbal joint, C — insertion through pedicle without joint involvement
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Material and Methods

In a 4-year period (2012-2015) a total of 208 transpe-
dicular stabilization procedures were performed using the
O-arm Surgical Imaging with StealthStation navigation sys-
tem (Medtronic USA/Ireland). Clinical data were analyzed
retrospectively. There were 106 males (51%) and 102 (49%)
females in the research group. Their age varied from 20 to 95
years (median 56.5 years). Majority of the patients were in
5th or 6th decade of life. Lumbar stabilization was obtained in
93% and thoracic stabilization in 7% of the cases. Trauma was
the indication for the spinal stabilization in 10.6% of the cases.
Screw insertion was done by the same operator in 86.5% of all
cases. In summary, four surgeons where performing the tran-
spedicular screw placement procedure. Whereas, neuronavi-
gation planning procedure was done by other three surgeons.
Standard screws with 5.5 mm diameter were used in all pro-
cedures. The length of the screws was assessed based on an
intra-operative CT scan performed using the O-arm device.

In a 2-year period (2018-2020) 30 transpedicular sta-
bilization procedures using the C-arm (Siemens, Germa-
ny) were performed. There were 12 (40%) females and 18
(60%) males in this research group. The patients’ age varied
from 28 to 75 years (median 58.5 years). Lumbar stabiliza-
tion was obtained in 76.7% of the cases, thoracic stabiliza-
tion in 23.3%. In 30% of the cases trauma was the indication
for spinal stabilization. There were more than five different
operators performing surgery. In all cases standard 5.5 mm
screws were used. Postoperative CT scan was done in 50%
of the cases and it was always performed when patient had
reported significant postoperative pain symptoms. In 3 cas-
es (10%), reposition procedure was done with satisfactory
outcome. One patient was not re-operated despite of inap-
propriate screw placement. Although the screw has been
positioned in the S1 recess and it violated more than 4mm
of the pedicle, the patient did not report any symptoms
and the stability of the implanted material was not compro-
mised, we decided not to perform surgery.

As we progressed along the learning curve, we made
some modifications to the O-arm screw fusion procedure
resulting in shorter operation time and lower dose of radi-
ation applied to the patient and personnel in the operating
room. In the years 2012-2013, the 3D scan was performed
after every stabilization procedure. After year 2013, the
3D scan was performed only in case of suspected incorrect
screw placement. Multiplanar images were assessed in the
operating room by the operator and surgeon involved in
planning procedure. If a 3D scan was not performed post-
operatively and patient reported clinical symptoms, a CT
scan was obtained (usually on the day of the operation) to
precisely assess screw placement. When screw implantation
of all the screws was not possible due to difficult anatomical
conditions, previously placed screws were removed and only
nerve root decompression was performed.
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Pedicle breach was suspected post-operatively when the
patient reported clinical symptoms such as radicular pain (ra-
diating to the lower limb) or low back pain. However, post-op-
erative pain rarely was due to inappropriate screw placement,
because the pain has subsided without intervention during
standard post-operative hospitalization period. CT imaging
studies were reviewed by the radiologist and the operator
that performed the procedure. Incorrect position of the
screws was recognized on the CT scan in case of conflict of
the screw with nerve structures or when the position of the
screws could suggest instability of the implanted material.

Depending on the patien’s diagnosis and clinical symp-
toms, additional nerve root decompression or discectomy
was performed. Patient was placed in the prone position on
a carbon table to ensure adequate X-ray radiation translucen-
cy. Placement of the screws was always performed through
the guide rod that confirmed the proper entrance of the
screws along the planned trajectory.

Side of the decompression was chosen on the basis of
imaging studies and clinical symptoms of radiculopathy, such
as positive straight leg raise test (positive Lasegue sign) and
pain distribution consistent with a given dermatome. To
qualify a patient for the procedure, clinical symptoms had
to be consitent with the radiological findings. If the patient
needed nerve root decompression, in all cases it was done
before the stabilization procedure, in order to preserve the
conditions after nerve root decompression. In patients di-
agnosed with spondylosis, screw fixation was done unilat-
erally. In all cases of spondylolisthesis bilateral stabilization
was obtained to ensure appropriate segmental stabilization.

The O-arm system with Stealth Station provides 2- and
3-D images of the spine. A 3D image is necessary to plan
the insertion of the screws, thus it was performed after the
navigation frame was placed. The scanned image is merged
and gives real-time position of the certain tools that are used
intraoperatively, based on the reference frame that registers
appropriate 3D image in space. Besides 3D navigation, the
O-arm is still used with the C-arm function during the oper-
ation. It is based on surgeon preferences to assess appropri-
ate placement of the wires which guide the trajectory for the
screw placement. The screws are placed transcutaneously to
minimize tissue trauma, in contrast to the open procedure
where a large group of the paraspinal muscles has to be
dissected. The length of the screws depends on anatomical
conditions shown in the 3D scan. Planning was done in the
operating theatre prior to the procedure.

Of the 208 cases of transpedicular stabilizations per-
formed using the O-arm device in years 2012-2015, 93%
were lumbar and only 7% thoracic. Accuracy rate of the screw
positioning was 98.08% and reposition rate was 1.92% (5 pa-
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tients, Tab. 1). In the group of
patients who required screw vs O-arm techniques

reposition, 4 required lum-

Table 1. Comparison of C-arm

bar and one thoraco-lumbar Screw accuracy 86.67% 98.08%
stabilization. Among patients

that needed screw revision, Screw reposition rate 10.00% < 2%
in 4 cases inappropriate

screw position was detect- Average hospitalization (days) 3 2

ed in the 3D scan that was
performed at the end of

the operation (Fig. 2). In

Postoperative CT scan

50% of cases | Only when symptoms < 2%

case of one patient the 3D

scan was not done in the operating theater and the inap-
propriate screw position was noted in the CT scan that was
ordered because of his clinical symptoms. Infection rate
was 0.48% (1 patient) and multiple antibiotics were need-
ed due to resistant infection. No screw displacement was
found in that patient.

In 67 cases spondylolisthesis was the indication for sur-
gery (32.2%). Spondylosis, defined as the degeneration of
intervertebral discs of different etiologies, was the indica-
tion for surgery in 42.3% of cases (88 patients). Trauma was
an indication for surgery in 21 cases (10% of all cases), dis-
copathy with low back pain 7.2% (15 patients) and tumor
2.4% (5 patients).

In the 30 procedures performed using the C-arm, the
accuracy of the screws was 86.67% and the screw reposition
procedure accounted for 10%. In case of one patient, the ra-
diological exam revealed a screw inside the S1 recess. He was
not qualified for the reposition procedure because of lack
of symptoms. In both the C-arm and O-arm research groups
there were no concerns about the stability of the entire trans-
pedicular fixation system. In the C-arm group 23% of cases (7)
were due to traumatic fracture. 73% (13) cases were due to

spondylotic degenerative changes. Median hospitalization
time was shorter in the O-am group (2 days), compared to
the C-arm patients (3 days).

Minimal invasiveness seems to be the most important
goal from the perspective of the patients, doctors and the
costs. The comparison of both groups shows advantages of
the O-arm procedure in respect of the minimal invasion, ac-
curacy and safety of the procedure. Although the price of
the O-arm device might limits its universal use, one should
not ignore factors such as reduction of the hospitalization
time and cost of analgesia. Further health economics studies
are needed to assess these factors [1, 2].

As we gained experience in performing the O-arm pro-
cedure, we observed improvement in the process and the
possibility to skip some of the steps recommended by the
manufacturer, allowing us to reduce the radiation exposure
for patients and medical staff, without additional complica-
tions or side effects. Even the low-dose 3D O-arm scan is

Figure 2. Post-operative CT scan revealed inappropriate screw placement, in this case outside the vertebral body, which

caused insufficient support for the spinal stabilization
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connected with high radiation exposure [15, 16]. It seems
beneficial to not obtain the second (post-operative) 3D scan
unless it is indicated. Abandoning the post-operative 3D scan
was not associated with a higher need for reposition of im-
planted screws. In summary, 4 out of 5 inappropriately placed
screws were suspected by the operator and the additional
3D scan was done to assess their position. In one case the
post-operative 3D scan was not obtained, however that pro-
cedure was performed by a surgeon who did not have ex-
perience in the O-arm procedure. The accuracy rate of 98.08%
is comparable to that reported in the literature (97.5%) [17].

Those results confirm that the O-arm technique is very ac-
curate in planning and placing transpedicular screws. Further-
more, it is associated with very low incidence of infection due
to the fact that small incisions were required for this proce-
dure. Due to low traumatization of the tissue, patient group
required less amounts of analgesics and typical length of
postoperative hospitalization was only two days.

While gaining the experience with the O-arm implanta-
tion technique some problems appeared, which marked the
importance of certain steps during the operation procedure
that required additional precautions. The main issue was to
implant the reference frame correctly with most stability on
the spinous process and then to supervise its position to
avoid picture shift during merging. Among some groups of
patients, we have encountered the anatomical disproportion
of the pedicles. Available screws were too large to place them
safely in the pedicles without anatomical compromise of the
periosteum. Amongst some of the patients, particularly in
the L5-S1 region, the anatomical relations prevent appropri-
ate titanium bar placement. In these cases, the curvatures of
the spine were of great importance. The inappropriate angle
between the L5 vertebrae and the iliac crest made it much
more difficult or even in some cases impossible to place the
titanium stabilization bar. For this reason, in some cases con-
version to the open surgical procedure was necessary.

Among patients with large amounts of subcutaneous
tissue in the lower back area, we observed difficulties in
placing the titanium bar near the lamina, due to the limita-
tion of the device used. Despite the fact that screw place-
ment was planned using neuronavigation station, it was im-
possible to match the titanium bar with the screw cups.
A preferred solution turned out to be implantation of longer
screws which gave better access to their cups, where titani-
um bar was placed.

Analysis of the O-arm reposition group revealed that
frame shift was the main cause of inappropriate screw
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implantation. Adequate reference frame fixation is critical,
when trying to avoid shifting complications. Moreover, the
analysis indicated that the planned position of the screws on
the lateral side of the pedicle reduces the risk of instability of
the implanted screws. In the following years, exposure to X-ray
radiation was reduced by obtaining only low-dose 3D scans
and by verifying the position of the screws in 2D scans, thus
reducing the radiation dose both for the patient and staff.

21 patients were qualified to O-arm stabilization proce-
dure because of trauma. Stabilization was performed by fixing
the healthy vertebra with each other, one below the fracture
and one above. No additional healthy vertebral levels were
used to reinforce the stabilization strength. Despite the fact
that no additional levels were included in transpedicular fu-
sion, no displacement or signs of destabilization were seen.
However, in the group of trauma patients, it was necessary
to perform another 3D scan after unilateral stabilization, be-
cause of the change of anatomical relations and in order to
prevent damage to neuronal structures.

The O-arm guided transpedicular stabilization seems to
be a reliable and minimally invasive method. This observa-
tion was also confirmed in double-blinded studies at unrelat-
ed neurosurgical centers and meta-analyses [1-3].

Despite the initially prolonged surgical time, the O-arm
guided transpedicular stabilization becomes more intuitive
the more often it is used, thus the learning curve contributes
to more efficient and faster procedure without side effects
along the line. Consequently, the initial investment in expen-
sive equipment might be justified by avoiding the potential
cost-generating adverse effects, prolonged hospitalization
and higher doses of pain medications. Nevertheless, those
hypotheses have to be investigated in other studies.
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Abstract

Introduction: Carpal Tunnel syndrome (CTS) is a common medical condition that occurs when the median nerve
is compressed at the carpal tunnel. Many people, particularly females, in the general population are affected
with CTS. This study aims to determine the level of awareness of CTS among dental professionals in India and
Malaysia. Material and Methods: The cross-sectional study was carried out among dentists in India and Ma-
laysian, from August 2020 to November 2020. 150 professional dentists with a minimum of one year of work
experience were included in the study. Dentists who worked full-time as academicians were excluded. The
survey form was circulated using WhatsApp. The SPSS software package was used to analyze the data collected
from the sample. Results: Both Indian and Malaysian participants thought that the main symptom is tingling and
numbness. Both groups stated that minimizing the stress on the wrist would prevent CTS. 100% of Malaysian
participants thought that CTS could affect job performance, though those from Indian marked that it also affects
social life and sleep. Conclusion: The awareness of CTS among both Indian and Malaysian dentists was adequate.
Furthermore, there is a strong correlation between CTS and chronic disease like rheumatoid arthritis.
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Introduction

Carpal Tunnel syndrome (CTS) is a common medical con-
dition that occurs when the median nerve is compressed at
the carpal tunnel [1]. It may also describe radiculopathy or
peripheral neuropathy [2]. In CTS, the pressure is increased
within the carpal tunnel; therefore it reduces the move-
ment at the level of wrist [3]. The clinical symptoms include
burning sensation and paresthesia in digits except the ul-
nar half of fourth (ring) and fifth (little) fingers [4]. These
symptoms are exacerbated at night and in the morning [5].
In order to relieve discomfort or symptoms, patients flick or

‘shake out’ their hand at the level of the wrist (flick sign) [6].
If not treated, CTS may lead to wasting and atrophy of the-
nar muscles.

Nearly 3.5% of the general population is considered to
have CTS [7]. Women are more likely to acquire CTS than
men due to hormonal changes [8]. CTS is mostly diagnosed
with the age group between 30 and 60 years. According to
the literature, we can expect that at least one in every five
symptomatic individuals has CTS. The first step in diagnos-
ing CTS is paying attention to the presence of distinctive
symptoms in the patient’s history. The physical examination
of the patient’s hand is a critical step in the diagnosis of CTS
since certain findings may suggest the presence of other
causes. The Tinel sign and Phalen manoeuvre are the initial
diagnostic procedures for CTS during the physical examina-
tion [7, 9-10].

Certain medical conditions increase the risk of develop-
ing CTS, e.g. hypothyroidism, arthritis, and high blood pres-
sure [10]. Lifestyle can also increase risk of CTS, e.g. seden-
tary lifestyle, pregnancy, high salt intake and increase body
mass index [11]. Dental professionals are at increased risk of
developing CTS due to repetitive hand motions in their clini-
cal practice [12]. CTS is a serious diagnosis for dental profes-
sionals, as they rely on full range of motion and sensation
in hands in order to perform procedures. Considering the
importance of this syndrome and its high incidence among
dentists, we aimed to study the level of awareness about
CTS among dental professionals in India and Malaysia.

Materials and methods

The cross-sectional study was carried out among den-
tists in India and Malaysian, from August 2020 to Novem-
ber 2020. 150 professional dentists with a minimum of
one year of work experience were included in the study;
dentists who worked full-time as academicians were ex-
cluded. Ethical Committee approval was obtained from
the Saveetha Institute of Medical and Technical Sciences
(SIMATS). We prepared a 6-item, multiple-choice question-
naire (see Supplementary Materials) and made it available

online until we reached the target sample size. The survey

form was circulated through WhatsApp and only those who
agreed on the consent form could take up the survey else
they cannot proceed further. The IBM SPSS version 23 (Ar-
monk, NY, United States) package was used to analyze the
data and calculate the Pearson chi squared test.

A total of 150 dentists were participated in our study. In
the present study, the awareness level of both Indian and
Malaysians about CTS is ample. Both Indian and Malaysian
participants thought that the main symptom is tingling and
numbness. Both populations were suggested that minimiz-
ing the stress on the wrist would prevent CTS. 100% of Ma-
laysian participants thought that CTS could affect job perfor-
mance, though the Indian participants marked that it also
affects social life and sleep. Least number of people from
both populations believed to wear a splint during sleep to
keep wrist in straight would be effective on CTS (Figure 3).
26% of Indians and 15% of Malaysians believed that splint is
the one of the main treatments for CTS. 16% of Malaysians
and 15% of Indians believed that NISAD is the second-best
treatment for CTS. 100% of Malaysian’s thought that CTS
affects job concert, but Indians suspected that 75% affect
job, 11% sleep and 14% of them felt affecting the social life
(Figure 1). Rheumatoid arthritis (RA) people have the higher
chance of developing CTS which was thought by Indians and
Malaysians. But very few Malaysians believed hypothyroid-
ism too (Figure 2).

CTS affect

B Job performance

M sleep
B social life
25 45.3%
41.5%
20—
154
104
54 7.5%
5.7%
0 -
Indian Malaysian

Figure 1. Both Indian and Malaysian participants were aware
of CTS effect on job performance (p = 0.03)
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Most of the Indian and Malaysian dentists work for 6-7

Relation between chronic disease and CTS

B Amyloidosiss hours per day and very few only work less than five hours per
B Diabetes Mellitus day (Figure 3). The more time the dentist spends working, the
I Hypothyroidism more chances of occurrence of CTS symptoms. A previous study
M Rheumatoid Arthritis in the Saudi population showed that increased hand pain and

symptoms are evident in those who are working with patients
for more than eight hours [12]. In addition, earlier studies re-
vealed that dentists who worked for extensive hours were more
43.4% likely to develop CTS [13-14]. In our study, both the Indian and
Malaysian dentists agreed that tingling and numbness in the
thumb, index and middle finger is the main clinical feature of CTS.

25+

The second most commonly reported clinical feature reported
by both groups was pain in the wrist, then overall decrease of
hand grip strength (Figure 4). Haghighat et al determined the
CTS based on numbness of fingers [15]. In several studies it was
reported that dentists suffering from CTS complained of hav-
ing severe pain in the hand and wrist [16-17]. In the present
study, both Malaysians and Indians were not aware that pain
in the wrist is the foremost clinical feature of CTS. In a study by
Page et al, more than 10% of participants noted that avoiding
repetitive movement also prevents CTS, which is disparate to
Indian Malaysian our present study (Figure 5) [18].

Figure 2. Indian participants were more aware that people
suffering from rheumatoid arthritis have a greater risk of Clinical features of (CTS)
CTS (p = 0.08)
B Muscle wasting in hand
B Overall decrease in hand grip

Working M Painin wrist
hours ¥ Tingling & numbness in thumb, index & middle finger
B Weakness of thumb muscle
M <5hrs
M 6-8hrs
20 M 8-10hrs Jas3%

24.0%
12.54

10.0

7.5 13.21%

5.0
2.5+
0.0 -
Indian Malaysian Indian Malaysian
Figure 3. Indian participants stated that they were working Figure 4. Indian participants were more aware about the

for 6-8 hrs more per day than Malaysians (p = 0.11) clinical features of CTS (p = 0.53)
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Prevention of CTS
B At rest, keep the wrist in straight
M Avoid repetitive movement

I Minimize the stress on wrist
B While sleeping, wear splint

20

30.19% 30.19%

Indian Malaysian

Figure 5. Indian participants were more aware that avoiding
repetitive movement can prevent CTS (p = 0.83)

Treatment of CTS

B nNsSIAD
B Oral analgesics
M splint
B steroid injection

26.42%

12.5

10.0

15.09%
7.5

5.0

2.5

0.0~

Indian Malaysian

Figure 6. Malaysian participants were more aware of oral

analgesics in the treatment of CTS (p = 0.67)

Wellman et al reported that changing tools and tasks, thus
decreasing recurrent wrist movements, were steps to prevent
CTS [19]. By increasing the number of breaks, reducing work
hours, and decreasing the recurrent wrist movement would
prevent the CTS [20]. Alyousef et al revealed that oral analge-
sics and splint are most used to cure CTS [21]. However in our
study, both Indian and Malaysian dentists were not aware that
oral analgesics can also be used to treat CTS (Figure 6). Mar-
shal et al reported that steroid injections led to improvement
of CTS symptoms but in our study only 3 -5% participants were
aware of it [22]. Our results are similar to those reported by
Alyousef et al, in which most of the participants agreed that
CTS affects their job performance [21, 23]. But Indians are not
aware that hypothyroidism people have a risk of emerging CTS.

The main limitation of this study is the low survey re-
sponse rate, because it was carried out in small group. Sec-
ond, because this was a pilot study, the inferential statistics
may not fully reflect the populations of Indian and Malaysian
dentists. More research is needed to confirm the current
findings via patient examination (functional and clinical symp-
toms of CTS). A future study may be carried out among the
dentists working in different specialties to find the stage of
CTS that pertained to them.

Based on the data, both the community population had
an adequate knowledge on CTS among dentists. Furthermore,
there is a strong relation between CTS and rheumatoid arthri-
tis. Dentists are more susceptible to CTS, hence they should
take extra steps to avoid it. Increased awareness of the
threat of CTS among dentists may help to reduce the risk of
CTS, resulting in better quality of dental care. The successful
management of CTS may be influenced by early detection of
symptoms and education about occupational exposure. Early
intervention is critical for dentists who are at a higher risk of
acquiring CTS or are already experiencing its symptoms.
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Abstract

Background: During the COVID-19 erj, it is crucial to determine the level of relevant infectious disease knowledge
amongst medical students as they may influence public opinion by acting as informal medical advisors to their
friends and family. We sought to assess the knowledge of students regarding COVID-19 at a single Polish medical uni-
versity, to understand the level of knowledge and determine if dedicated COVID-19 education is necessary. Material
and methods: The survey was conducted in Google Forms and access was obtained through the university’s secure
email. After exclusion, 1 001 students were enrolled. Results: The most common mask used amongst students is
a surgical mask. Regarding SARS-CoV-2 transmission, 79.1% chose droplet and 19.3% chose airborne transmission.
Only 35% agreed that surgical masks protect them from coronavirus and 70% strongly agreed or agreed that all
healthcare workers should wear an N95/FFP3 mask. Students with a healthcare worker in the family more likely
agreed that all healthcare workers should wear N95/FFP3 (p = 0.001). The source of information used affected the
route of transmission chosen (p = 0.006). Conclusions: We recommend combating contradictory information by
implementing dedicated education into the healthcare student curriculum on SARS-CoV-2, PPE, filtering efficiency
of masks, modes of transmission of viruses, and how to use evidence-based medicine.
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Introduction

Studies have shown that medical students are more will-
ing to obtain the COVID-19 vaccine compared to non-medical
students, possibly due to better health awareness [1]. During
the pandemic, studies have shown that medical students
have a high level of knowledge regarding COVID-19 and could
help educate the general public [2-3]. According to a study
from the UK, the portrayal of COVID-19 safety measures
has been inaccurate. Instead of highlighting the resilience of
students and young people even in the absence of support,
headlines remained about the few individuals that engaged
in risky behaviors despite a raging pandemic [4]. We want-
ed to determine how knowledgeable medical students
are amidst the COVID-19 pandemic and their approach to
COVID-19 safety.

Despite the rapid increase of published medical articles
regarding COVID-19 [5], virus transmission and protection
remain unclear, which is why more research is needed to
guide public health [6]. Widespread access to the internet
and social media led to the quick dissemination of fake
news about the new coronavirus (SARS-CoV-2). Unfortu-
nately, not only anonymous members of society spread
disinformation, but also public figures that were believed
to be reliable [7]. Commonly implemented face mask man-
dates raised concerns about mask safety and efficacy. Com-
fort (physical and psychological), cost, insufficient efficacy
with improper usage are only some arguments mentioned
against wearing a mask [8]. Another problem is the anti-
-vaccine movement. Very rare, but life-threatening adverse
effects of vaccines are constantly mentioned [9].

Medical students may have more time than practicing
physicians to stay up-to-date with current medical guide-
lines and new research studies. Medical students may also
be more aware of effective public health measures and ba-
sic hygiene to control COVID-19. We sought to determine
the medical students’ level of knowledge about infectious
diseases and COVID-19. By doing so, one can gauge how
well medical information about COVID-19 is being dissem-
inated and understood. Moreover, it may encourage med-
ical schools to augment their curriculum by emphasizing
relevant public health and infectious disease principles to
their students.

Material and methods

The survey aiming to investigate healthcare students’
knowledge about SARS-CoV-2 safety and approaches was
designed through a discussion amongst the co-authors.
The final version was reviewed and accepted by final-year
medical students (n = 4) and neurosurgery specialists
guiding this research project (n = 2). The final version of
the questionnaire consisted of a total of 36 questions.

The first 8 questions consisted of single choice questions
regarding demographic data (sex, age, residence, study lan-
guage, year of studies, exposure to healthcare environments,
family in healthcare). Furthermore, 11 questions consisted
of the most common types of masks worn, safety measures
used, route of transmission, testing positive for COVID-19,
vaccination and vaccine efficacy [10]. Next, there were 15
Likert scale statements with answers ranging from: strongly
disagree, disagree, | don’t know, agree, strongly agree. Last-
ly, 2 questions asked about the main sources of information.
The survey was conducted by using Google Forms and the
link to the survey was sent out through the University’s se-
cure email system. The link was also shared on the English
Division Medical student pages on Facebook, therefore us-
ing the snowball sampling method. The survey was sent out
from January 18th to March 31t2021.

The statistical analysis was performed using an R soft-
ware package version 4.1.0. Single choice questions were an-
alyzed using frequency tables and the chi-squared test. Due
to the small number of specific groups in some conditions,
the p-value is based on the Monte Carlo approach.

The general demographics of the participants are de-
scribed in Table 1. The results of single or multiple-choice
questions can be seen in Table 2. The most significant
5-point Likert scale questions can be seen in Figure 1, along
with the following descriptions of the remainder. Face
shields are not considered good enough at protecting your-
self from coronavirus by 86.21% of participants. Avoiding
high-risk situations and crowded environments are imple-
mented by 72.83% of respondents. 36.46% of respondents
stated that they do not know if taking supplements such as
vitamin D and vitamin C every day may be used as prophy-
laxis or treatment of COVID-19. 55.54% agreed or strongly
agreed with the statement that they take supplements
such as vitamin D, vitamin C, B complex, and/or zinc every
day. 65.73% strongly agreed and agreed that in the past
month, they have felt uncomfortable not wearing a mask
when around others. 65.93% agreed and strongly agreed
that other factors such as humidity and temperature affect
virus transmission.

The most common mask used outside and indoors by
both groups was a surgical mask, but participants with rela-
tives in the medical field more frequently chose KN95, FFP2,
and FFP3 masks. Participants without relatives in med-
ical fields rather chose scarves, bandanas, or other fabric
masks. Participants with relatives in medical fields agreed
or strongly agreed with the statement that “All health care
workers should wear N95/FFP3 masks,” while those with-
out relatives in the medical field tended to have no opinion
or more frequently disagreed with the statement.
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Table 1. General demographics

and divisions of participants

Language

English

310 (30.97%)

Table 2. Single or multiple choice questions

Type of facial mask
worn inside

Surgical masks

574 (57.34%)

Polish

655 (65.43%)

Fabric mask
(with or
without filter)

166 (16.58%)

Do you dispose of your masks?

Dispose
after 1 use

378 (37.76%)

Dispose after
multiple uses

308 (30.77%)

Rotate masks

Age groups
<19 72 (7.19%)
20-29 896 (89.51%)
30-39 26 (2.59%)

Nationality/Country of origin

Droplet
transmission

KN95 88 (8.79%)
FFP2 77 (7.69%)
N95 32 (3.20%)
FFP3 21 (2.10%)

Main route of transmission

792 (79.12%)

Airborne
transmission

Experience within the medical

Poland 715 (71.43%)
Sweden 93 (9.23%)
Norway 73 (7.29%)

field in the past 6 months

None 531 (53.04%)
Lusiiiz, 177 (17.68%)
medicine

Outpatient o

setting 68 (6.79%)

Does someone in your family

work in the medical field?

Yes

463 (46.25%)

No

538 (53.75%)

193 (19.28%)

What do you do before

applying your mask?

How do you store your masks?

Nothing 453 (45.25%)
Uiz [Pz 241 (24.08%)
sanitizer

Wash hands
with soap 294 (29.37%)
and water

242 (24.18%)

Difficulties with mask use

Glasses fog up

370 (36.97%)

Acne outbreaks

163 (16.28%)

To protect
myself and
others

Pain behind 153 (15.28%)
ears
Feeling that
you cannot 119 (11.89%)
breathe

Why do you wear a mask?

712 (71.12%)

To protect
others

158 (15.79%)

Because it

is currently

required by
the law

106 (10.59%)

Did you test positive
for SARS-CoV-2?

97 (9.69%)

Pocket of 290 (28.97%) 904 (90.31%)
jacket
Have any of your family
Throw members or friends tested
away after 225 (22.48%) positive for SARS-CoV-2?
each use
Yes 683 (68.23%)
Purse/ 144 (14.39%)
backpack No 318 (31.76%)
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Table 2. cd

Did you or will you receive

the COVID vaccine?

Yes, I already
received the

vaccine (1st 665 (66.43%)

45

Participants with relatives in medical fields differed from partic-

without relatives in the medical field

Table 3. The differences between responses of participants with and

ipants without relatives in medical fields in their responses to ques-
tions about COVID-19 protection which can be seen in Table 3.

dose or both) Question X2 statistics
Not yet, but I What type of facial protection do you LGRS
am waiting to 251 (25.07%) wear outside (most commonly)? '
receive it
What type of facial protection do you
No, I do not 85 (8.50%) wear indoors when around others
plan on it (most commonly)? If you are 32.939***
a healthcare worker, what mask do
Main source of information you wear at work?
about SARS-CoV-2 safety
The main route of transmission 1.7452
WHO 453 (45.25%) of the coronavirus is?
Research 161 (16.08%) All health care workers should wear 12.599%*
papers N95/FFP3 masks
Doctors 124 (12.39%) Wearing a surgical mask is good enough 2.8653
to protect me from the coronavirus
Government 100 (9.99%)
websites Other factors such as humidity and 0.22241
temperature affect virus transmission
CDC 90 (8.99%)
*p < 0.05; **p < 0.01; ***p < 0.001
STATEMENT 5-POINT LIKERT SCALE
All health care workers should wear N95/FFP3 masks. [@8 7% || 19% 37% o s
Wearing a face mask is helpful in procecting ;.4%|“4| ‘ o ‘ _
others from coronavirus.
Wearing a surgical mask is good enough
. . EE s -~ [ 4
at protecting me from coronavirus
You would still wear a mask in situations where the risk
of transmission is increased (e.g. malls, crowded streets, . 7%H 12%| ‘ ‘40% D -
school, work), even if the government didn’t mandate it.
After the second dose of the COVID-19 vaccine, you will
still continue wearing the proper face masks as you did $acr b | | saw | e
before the vaccine.
The 2nd dose of the COVID-19 vaccine is important as
clinical trials show 95% efficacy after the 2nd dose, so your  Eias|] 29% I | 39% - EEEm
efficacy only hits after about 5 weeks from the first dose.
You have been confused with the various recommendations to
] DN | I = | N
keep yourself and others safe during the COVID-19 pandemic.
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M strongly disagree Disagree I don't know Agree [ ] Strongly agree

Figure 1. Likert scale figure
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Students most commonly wore surgical masks indoors
and outside, but students who studied in the Polish language
more frequently had chosen fabric masks with or without fil-
ters as their second choice — Table 4.

Table 5 shows the significance of the main route of
transmission chosen on the other questions. There were
no significant differences between the chosen main route
of transmission and the opinion about efficiency of surgi-
cal masks, however the participants who chose droplets as
a main route of transmission, more frequently agreed with
the sentence that all healthcare workers should wear N95/
FFP3 masks than participants who had chosen an airborne
route of transmission. The choice of the main route of trans-
mission of SARS-CoV-2 did not affect the understanding of
humidity and temperature on transmission (p = 0.596). Even
though proportions of main sources of information about
the transmission of SARS-CoV-2 were similar, the partici-
pants who had chosen the droplet route as the main route,
significantly more frequently had pointed to World Health
Organization (WHO) and research papers as their main
source than people who had chosen the airborne route.

Amid an imbalance between COVID-19 recommenda-
tions, it is crucial to find reliable sources of information and
examples of role models to follow in society. In our study, we
wanted to find out whether medical students’ knowledge
about SARS-CoV-2 protection is as up-to-date as currently
possible, if there are deficiencies in knowledge and if the
current generation of healthcare students could potentially
be reliable role models for communities in the future. It ap-
pears that parts of society started to undermine government
recommendations possibly due to facing constant changes
(to wear or not to wear masks) within a country as well as
in neighboring countries. There are also different opinions
about if to wear or not to wear a mask when fully vaccinated
due to the delta strain. The inconsistencies between gov-
ernment recommendations can lead to a growing mistrust
towards current and forthcoming government recommen-
dations. Recent studies show that higher levels of conspiracy
thinking were associated with less adherence to government
recommendations or willingness to get vaccinated [11].

Type of masks and the understanding
of the transmission of SARS-CoV-2
amongst healthcare students

The debate on the mode of transmission of SARS-CoV-2
is ongoing and far from concluded. We recognize that med-
ical students are not expected to know the definite main
route of transmission of SARS-CoV-2, but we sought to de-
termine what they think based on their medical knowledge

Table 4. The differences between the responses of

students studying in English and Polish

Question Xx? statistics

What type of facial protection do you 33.665%**

wear outside (most commonly)?

What type of facial protection do you
wear indoors when around others
(most commonly)? If you are 90.439**x*
a healthcare worker, what mask do
you wear at work?

The main route of transmission
of the coronavirus is?

51.028***

*p < 0.05; **p < 0.01; ***p < 0.001

Table 5. Selected differences between different routes of transmission

Question Xx? statistics

Transmission — Humidity/temperature 11.859

Transmission — All health care workers 60.089%**
should wear N95/FFP3 masks

Transmission — Wearing a surgical
mask is good enough at protecting me 14.998
from coronavirus

Transmission — Source 173.51**

*p < 0.05; **p < 0.01; ***p < 0.001

of other viruses. According to the article by Greenhalgh et al,
the dominant route of SARS-CoV-2 is airborne [12]. Inter-
estingly, although most participants stated that droplet
transmission is the main route of transmission, around 20%
chose airborne transmission. Students must learn to prac-
tice medicine based on new research, instead of relying on
general opinions. Surprisingly, nearly half of the participants
disagreed that surgical masks are effective in protecting
themselves from the novel coronavirus even though most
participants chose the droplet route of transmission. To en-
able students to learn and thrive during the pandemic, we
believe they should always feel protected. Although most
participants chose droplet transmission and most chose that
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they wear surgical masks most commonly, the majority still
agreed that all healthcare workers should wear N95/FFP3
masks. This leads to questions about why most of the re-
spondents think all healthcare workers should wear masks
with higher filtering efficiency and if made available, would
most medical students choose to wear them?

Interestingly, the participants that chose airborne trans-
mission were less likely to agree that all healthcare work-
ers should wear N95-type masks (p = 0.001). This may have
been due to participants that chose airborne transmission
knew the importance of higher filtering efficiency masks
and the shortage of personal protection equipment (PPE)
in settings with the highest risk of transmission, e.g. COVID-

-intensive care units. Results from an appraisal study showed
that the healthcare workers’ major concern was running
out of PPE [13]. Although not statistically significant, fabric
or cloth masks were the second most common masks worn
amongst students, despite the fact that cloth masks are not
worn in operating rooms and there is a lack of evidence of
their efficacy [14-15]. It is important to note that the partici-
pants who stated they have a healthcare worker in the family,
chose different masks than those who did not (p < 0.001).
Students without family members in healthcare chose lesser
filtering efficiency masks. Students with families in health-
care may have been exposed to more studies and personal
experiences with COVID-19 leading to their precautions. Stu-
dents need to understand what filtering efficiency and PPE
is necessary to protect themselves according to the mode
of transmission and size of viruses. Additionally, if there is
a lack of PPE, students should be taught how to best repli-
cate PPE conditions with available materials and understand
that the quality of masks matters for their protection.

The questionnaire did not include ‘aerosolized particles’
among the answer choices, to determine if there would be
considerable contrast between answers with fewer choic-
es. Droplets are not present in the air for long periods and
instead, they convert into bioaerosol residues which could
then remain in the air for extended periods [16]. When drop-
lets evaporate, they become “droplet nuclei” which are dried-
up particles that contain viruses that can remain airborne
and can be widely dispersed over an extensive area [17]. The
rate of evaporation is directly related to ambient humidity
and temperature and the dispersion of droplet nuclei does
depend on ambient conditions [17]. As described by Borak,
hotter and more humid environments lead to less dispersion
of virus-containing particles [17]. Most healthcare students
agreed that other factors such as humidity and temperature
affect virus transmission, although this knowledge did not af-
fect their choices of the route of transmission. Educating med-
ical students on the possible routes, conditions, and detailed
mechanisms of transmission of viral particles will be crucial
for the next generation of medical doctors to stay safe.

Harvey explained the next generation of medical stu-
dents will need to be able to deal with future pandemics

and will live in a world of PPE and the fears of aerosolized
dangers. He explained that students may have been told
to stay home for their protection and possibly due to the
PPE shortage [18]. Most participants agreed that in the past
month, they have felt uncomfortable not wearing a mask
when around others. Knowledge may alleviate these dis-
comforts. Educating future physicians is crucial in filling in
gaps between healthcare demand and access to care and
even more so during a pandemic [19]. It was described that
the non-essential label should not discourage students, but
rather reflect a necessary safety precaution [19]. One of the
roles of medical students during the COVID-19 pandemic in-
volved educating peers online. Studies concluded that due
to a medical student’s knowledge base, during restricted
clinical duties, students could serve as a voice of leadership
to non-medical peers [19].

Are medical students and students of
healthcare fields good examples for
the public to follow?

While face shields are useful as an additional protective
measure, they are not good at protecting others due to the
expelled droplets that can spread easily [20]. Almost all par-
ticipants agreed that face shields alone would not protect
one from SARS-CoV-2. The face shield could be related to
plexiglass used in supermarkets because both are used as
a barrier. Large droplets could be blocked, but barriers such
as these would not be effective for aerosolized particles [21].
High-quality cloth masks or surgical masks are preferred
over masks with exhalation valves to minimize SARS-CoV-2
spread [22]. Our survey participants acknowledged the need
to protect others with the use of proper face masks during
a time when few were vaccinated.

Despite the Center for Disease Control (CDC) recommen-
dations, not all national governments mandated wearing
face masks in public places. On the other hand, in some coun-
tries the law required mask use even outdoors. The efficacy
of cloth masks in the prevention of infection transmission
is quite limited [23] and there has been a constant debate
about universal mask use since the COVID-19 pandemic out-
break [24]. The majority of our respondents agreed that they
would wear masks in high-risk situations even without a gov-
ernment mandate, which together with social distancing and
avoiding high-risk environments are considered to be crucial
in controlling the coronavirus spread [24-25]. The willingness
to wear a mask without a mandate in high-risk situations sig-
nifies the understanding of viral spread by students.

Apart from universal knowledge about SARS-CoV-2 in-
fection prevention which includes wearing a mask, avoid-
ing close contacts, and washing hands [25], alternative
approaches with food supplements are widely discussed.
Taking vitamin C during the winter months, especially while
having cold symptoms is a common practice. In the light of



48 Eur J Transl Clin Med 2022;5(2):42-52

common cold prophylaxis and treatment with zinc [26-27]
or vitamin C [28,29], we wanted to determine whether our
respondents were using an analogous approach against
SARS-CoV-2 infection. This could be relevant to our study
population since many adults in Poland are vitamin D defi-
cient [30]. However, a recent study by Li et al. observed no
association between low vitamin D levels and SARS-CoV-2
seropositivity after adjusting for potential cofounders [31].
In a randomized control trial Murai et al. measured the
efficacy of a single high dose of vitamin D3 on COVID-19
patients’ duration of hospital stay. In comparison with pla-
cebo, there was no significant reduction in days of hospital
stay [32]. Current coronavirus prevention guidelines do not
recommend any pharmacological prophylaxis due to the
lack of data supporting its efficacy [33]. Some studies have
proven antiviral, anti-inflammatory, and antioxidant effects
of several food supplements [34-36], however, it is worth
noting that potential laboratory effects may not be clinically
relevant. These disagreements most likely led to the hesi-
tancy of our respondents when answering questions about
taking supplements as possible prophylaxis or treatment of
COVID-19. Their responses resembled what was available in
the literature at the time and signifies that they could be role
models for the public to learn from. Additionally, students
could help in answering common misconceptions about di-
etary supplementation for COVID-19 infection.

Are medical students and health
science students good examples for
post-vaccine public health protection?

Although 90% of respondents never tested positive for
SARS-CoV-2, there was still a high amount of positive cas-
es among their close family members and friends. Almost
half of the participants had someone in their family that
works in the medical field. This confirms the importance
of awareness of safety measures in this specific group.
Previous studies have shown [37] that more than 90% of
medical students are aware, but only have a superficial
understanding of the disease’s etiology, currently known
modes of transmission, primary symptoms and risk per-
ception. There is a need to improve student awareness
about safety measures to strengthen the possible pivotal
role students can play in public health awareness about
the SARS-CoV-2 [2, 19, 37]. Most participants knew that
the 2nd dose of an mRNA vaccination series is important
to reach maximum vaccine efficacy. The high willingness
to get vaccinated against SARS-CoV-2 amongst students is
yet another affirmation of the possibility of students being
on the frontline of combating SARS-CoV-2 misinformation.
The poor attitude of the general population towards vacci-
nation is mainly due to the mistrust of vaccine benefits and
concerns about its adverse effects. Healthcare students
can be a great resource for the general population’s doubts

about the vaccine. Students should be up-to-date on new
publications that could impact the public’s health decisions
and could reduce vaccine hesitancy. Students should be
taught how to define vaccine risks and benefits.

General problems found amongst
students and approaches to public health

The most common primary source of information about
face masks and COVID-19 safety was the WHO, research
papers and doctors. Surprisingly, research papers were not
the most common source amongst students. The source of
information that participants chose had a significant effect
on their answer to the questions about the main route of
transmission (p=0.006). Although participants used various
sources, the most commonly chosen route of transmission
remained the same amongst groups. In a study about what
the world expects from the WHO, there were multiple de-
ficiencies of the WHO listed along with recommendations
for improvement [38]. Precautions can be taken only when
national bodies responsible for epidemic control agree and
recognize the importance of the route of transmission which
can then lead to appropriate actions [39]. Mask protection
and filtering efficiency should also be topics that medical
students are taught and truly understand.

Due to the delta variant, the newest WHO recommenda-
tion [40] for fully vaccinated people is to continue wearing
face masks. Our study group reflected these recommenda-
tions with the high interest of our respondents in choosing
to continue wearing proper face masks post-vaccination.
However, caution should be drawn from this conclusion due
to the time frame; at the time of vaccinating these medical
students, most of the general public was not vaccinated yet.
When new mutations were discovered, their impact was un-
known [41]. At the time (as of July 1st 2021), 57,1% of the
population of Israel was fully vaccinated [42]. Due to the na-
tional vaccination campaign, Israel became a role model for
other countries regarding an efficient vaccination process.
Now, the world is looking at the situation in Israel with fear
due to the new COVID-19 delta variant, which was proven
to infect some fully vaccinated adults [43-44]. With rising
daily coronavirus infection rates, Israel has reimposed the
requirement of wearing masks indoors for everyone [45-46],
while the WHO has also recommended that fully vaccinated
people continue wearing masks. This may be the reason for
contradictory information between WHO and CDC recom-
mendations. It is noteworthy that according to a recent study
the Pfizer-BioNTech'’s tozinameran vaccine (in Europe marketed
as Comirnaty®) vaccine has a minimal decrease in effectiveness
(about a 5,5% decrease) against the new delta variant [47].
Interestingly, the WHO's recommendations do not match the
CDC'’s recommendations for fully vaccinated people at the mo-
ment. According to the CDC’s newest public health recommen-
dations, resuming most activities for fully vaccinated people
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without wearing masks is recommended [48]. Fully vaccinated
people also do not need COVID-testing after exposure and
before or after travel. Fully vaccinated people also do not
need to self-quarantine, which is different from the current
WHO recommendations [48-49]. Students should be taught
how to interpret recommendations because such discrep-
ancies can be very distressing, particularly to those who are
paying close attention to the pandemic. Students should be
informed on how to interpret studies about new virus vari-
ants to be able to determine risks for themselves and their
future patients.

Pre-pandemic studies have found that there is a decline
in empathy possibly due to the increase of psychological
stress in medical school and residency which can further
compromise professionalism and can threaten the quality
of healthcare [50]. Lack of balance was mentioned as the
main stressor for medical students [51]. The constantly
changing COVID restrictions and schedules for students
would not be defined as consistent. Studies determined it
will be important to study the extent of student adaptation
during the COVID-19 pandemic and its effect on medical ed-
ucation overall [52]. With more adequate availability of PPE,
medical students should be allowed back to the bedside to
learn valuable lessons from frontline survivors [53]. Medi-
cal schools can consider adding virtual credits for students
taking part in scientific writing and continuing student en-
gagement whenever possible [53]. Studies have shown that
COVID-19 had the greatest effect on students’ confidence
and preparedness to jump from student to doctor [54]. Bar-
riers to critical thinking have been described amongst med-
ical students with obedience to the system being one of the
contributing factors [55]. Anxiety, stress, and fatigue were
shown to prevent critical focus and thinking [55]. It is import-
ant to prioritize teaching medical students to filter out what
the media and news intensify and focus on evidence-based
medicine. Students must be included in medical education
so that when they finish their studies, they can continue
to support public health while having the psychological
strength to do so.

There was a bias of more female respondents and partic-
ipants from the Polish division. Response bias may be pres-
ent due to healthcare and medical students’ desirable an-
swers to topics that are perceived as sensitive such as health
behaviors and safety [56-57]. Nonetheless, responses varied
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Students had a high willingness to get vaccinated and the
majority knew the importance of the 2" dose of an mRNA
series in reaching maximum efficacy. There is a need to ed-
ucate students on the filtering efficiency of masks and what
PPE is necessary according to the mode of transmission
and size of viruses. Although most participants stated that
droplet is the route of SARS-CoV-2 transmission and most
marked that they wear surgical masks most commonly, they
didn’t believe surgical masks protect them and stated that
all healthcare workers should wear N95/FFP3 masks. Stu-
dents should be informed on how to find appropriate sourc-
es of information and how to interpret studies about new
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and their future patients.
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Abstract

Subcutaneous cardioveter-defibrillator (S-ICD) gained considerable place in sudden cardiac death (SCD) preven-
tion. The main advantage of this device is the possiblility of implantating it outside of blood vessel. The lack of
permanent pacing and antitachycardia pacing (ATP) are its key limitations. New research is focused on creating
an extravessel device that could combine the role of cardioverter and pacemaker. The main difficulty is the
mutual interference of sensing.
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Introduction tor (S-ICD) developed by Boston Scientific as an alternative

to transvenous defibrillators (TV-ICD) [2]. In Poland, the first
Sudden cardiac death (SCD) in the course of ventricular S-ICD devices were implanted in 2014 at the Sterling Memorial

arrythmias is the cause of 20% of deaths in Western coun- Hospital in tddz as well as at the Department of Cardiology
tries [1]. In 2012 the United States Food and Drug Admin- and Electrotherapy of the Medical University of Gdansk [3].
istration approved a subcutaneous cardioverter-defibrilla- The aim of this study is to highlight the indications and
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contra-indications to the implantation of the S-ICD, the ad-
vantages and limitations of S-ICD and the perspectives for
its development to include ventricular pacing and antitachy-
cardia pacing (ATP).

Materials and methods

This is a narrative type of review, no statistical calcu-
lations were performed. Independent English and Polish-
-language literature search has been done by the first au-
thor (BON) using the ESC Guidelines, AHA/ACC/HRS Guide-
lines, the PubMed database and a review article published
in “Kardiologia po Dyplomie.” We used a query containing
the keywords “S-ICD” or “Subcutaneous Cardioverter De-
fibrillator” and “EV-ICD” and other keywords relevant to the
topics of our interest e.g. ventricular pacing, antitachycardia
pacing (ATP), new perspectives. Authors focused on articles
published in the last 7 years.

The search retrieved 56 records. After review of the ab-
stracts and full texts, 15 articles were included in the analysis.

Advantages

The first official recommendations about S-ICD implanta-
tions were published in the European Society of Cardiology
(ESC) guidelines in 2014 [4]. Therein it was recommended to
implant S-ICD in patients with hypertrophic cardiomyopathy
who qualify for cardioverter-defibrillator device and at the
same time do not have indications for permanent cardiac
pacing (class Ilb recommendation). In 2015 a class Ila rec-
ommendation suggested S-ICD implantation as an alterna-
tive to TV-ICD for all patients who do not require permanent
cardiac pacing, including cardiac resynchronization therapy
(CRT) and antitachycardia pacing (ATP) [5]. An S-ICD device
does not have transvenous leads, therefore it is a perfect
option for patients who have a difficult vascular access (par-
ticularly those with vascular anomalies), venous thrombosis,
history of electrotherapy complications (e.g. lead damage,
lead extraction) or high risk of endocarditis (e.g. patients
treated with immunosuppressants or dialysis). According
to the 2017 AHA/ACC/HRS guidelines, S-ICD implantation is
a class | recommendation [6].

In addition, S-ICD is also recommended for young pa-
tients with heart defects and ventricular arrhythmias. Due
to their long expected lifespan, young patients have a high

risk of transvenous lead damage or cardiac device-related in-
fective endocarditis (class Ilb recommendation) [5]. S-ICD is
also a very good solution for patients suffering from cardiac
device-related endocarditis (CDE)

S-ICD is implanted at the operating room, usually under
general anesthesia though local anesthesia is also an option.
The first incision is made between the left mid- and posterior
axillary lines in the 5% or 6% intercostal space. The pocket for
the S-ICD device is usually made under the latissimus dorsi
muscle, however subcutaneous or under the serratus muscle
are also acceptable. The device can weighs 130 g and has the
volume of 60 cm®. The defibrillating lead consists of 2 sensing
rings and 8 cm-long shock coil. The next step consists of in-
serting the lead subcutaneously from the device pocket in the
direction of the xiphoid process (2" incision). The distal part
of the lead is inserted along the left sternal margin and fixed
near the jugular notch (3™ incision). Currently the two-incision
technique is preferred, which is safer for patients as it omits
the 3" incision (superior parasternal incision). The three-

-incision technique may be performed in selected patients with
high BMI. During this procedure the patient is exposed to lit-
tle ionizing radiation, as fluoroscopy is needed only during the
initial positioning of the lead and device can. Once the S-ICD
is implanted and the patient does not have contraindications,
a defibrillation test is performed using a single 65 J impulse. In
case of ineffective defibrillation, a second test is automatically
attempted using 80 J. In case of second failed defibrillation, it
is necessary to revise the device and lead placement. Incorrect
placement of the S-ICD device or lead relative to the heart are
the most common causes of ineffective defibrillation. This is
often due to implating the S-ICD device too superficially [7].

The S-ICD device recognizes arrhythmia via analyzing the
electric potentials recorded from the surface of the chest us-
ing one of 3 vectors: primary (between the proximal pole of
the lead along the sternal margin and the body of the device,
secondary (between the distal pole of the lead and the de-
vice can and alternate (between the two rings of the lead).
Quiality of the electric signals obtained from the heart is es-
sential for correct function of the S-ICD the device. There-
fore, while qualifying the patient for S-ICD implantation it is
necessary to screen the patient for correct arrhythmia rec-
ognition. This is done using the manufacturer’s programming
system to record and analyze the ECG obtained from precor-
dial leads placed similarly to S-ICD leads and device. At least
one of the 3 analyzed vectors should be accepted for use in
future S-ICD implantation. The vector screening should be
performed in several body positions — at minimum while
supine and standing upright. During this screening the fol-
lowing parameters are automatically analyzed: voltage,
R and T waves (their shape and relation to one another). In
case of recognizing a ventricular arrhythmia, the implanted
S-ICD device discharges 80J of energy (up to 5 discharges
during a single arrhytmia event) [8].



Advantages, limitations and new perspectives on the implantation of...

In January 2022 an analysis of a 5-years long follow-up
of 984 patients with S-ICD from the EFFORTLESS register was
published. Effectiveness of the high energy defibrillation was
confirmed in this heterogenous study group. Relatively few
patients required S-ICD removal and replacement with TV-ICD
for the purpose of pacing. Episodes of arrhythmias that
were either self-limiting or terminated by defibrillation were
a predictor of future use of high-energy therapy. Early com-
plications in the 1st year of follow-up were not predictive of
late complications. In a 5-year registry the surgical site infec-
tions were rarely reported (3.2%), along with erosions (2.3%)
and haematomas (0.9%). Lead damage were not observed
in this registry [9]. Occasional damage were observed in the
third-generation SQ leads. The implantation of a generator
pocket between the serratus anterior and the latissimus
dorsi muscles improves patients’ comfort and reduce site
complications. Intermuscular generator pocket and two-

-incision technique is now the standard of S-ICD implantation.

Limitations

Besides many advantages, an implanted S-ICD device
are also has limitations due to the lack of antitachyarhyth-
mic pacing. Another limitation is lack of permanent pac-
ing function. Instead it can only provide pacing for up to
30 seconds, to treat bradyarrhythmia that began directly
after defibrillation [5]. Furthermore, the S-ICD’s arrhyth-
mia detection based on R and T wave analysis might not
be accurate enough for patients with broad QRS complexes
in the course of ventricular pacing. Inadequate interven-
tions are another significant problem in the treatment us-
ing S-ICD. Initially, 7-13% of interventions were inadequate.
Thanks to new arrhythmia recognition algorithms it was
possible to reduce inadequate interventions down to 4%
during 18 month follow-up since implantation [10]. The
most frequent surgical complication of S-ICD implantation
are: dislocations of the lead or device can, pressure ulcers
in the device pocket and problems with post-operative
wound healing. As the operators gained more experience
the number of these complications decreased to 3% [5, 11].

New perspectives

Research is underway with the aim of design an opti-
mal implantable subcutaneous device that would combine
the functions of a cardioverter-defibrillator and a pacemak-
er. In some cases, a decision was made to implant an S-ICD
device in a patient who already has an implanted pacemak-
er or vice-versa. In several patients both devices functioned
simultaneously without any interference in sensing. Fur-
thermore, no inappropriate defibrillations were noted and
none of the devices had to be removed during the 17-month
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follow-up. However, studies with larger patient groups are
needed in order to determine the indications for combining
a pacemaker system with an S-ICD device [12].

The previously-mentioned limitation of S-ICD, lack of
permanent pacing and ATP might be overcome by an extra-
vascular (EV) ICD by Medtronic that is currently in clinical
trials. In this EV-ICD system the defibrillating lead is implant-
ed substernally which allows ATP and bradyarhythmia pac-
ing in addition to the detection and treatment of ventricular
fibrillation [13]. In 2019 the first pilot EV-ICD implantations
in 20 patients took place at 4 centers in Australia and New
Zealand without any significant peri-operative complications.
All patients underwent the defibrillation test and in 18 pa-
tients (90%) the arhythmia was correctly sensed and sinus
rhythm was restored. The average defibrillation threshold was
15 J, whereas pacing energy of < 10V was effective in > 95%
of patients. One patient had ventricular tachycardia which
was correctly sensed and terminated by ATP. Based on these
results, the effectiveness of EV-ICD was comparable to the
existing ICD systems [14].

After the promising results of the pilot study, Medtronic
began a multi-center, prospective, non-randomized clinical tri-
al that included 400 patients from 60 centers in Asia, Australia,
Europe, Middle East, North America and New Zealand. Effec-
tiveness of the defibrillation test is the hard endpoint. Lack of
significant general and peri-operative complications suggests
this device’s safety. The results of this trial are currently ana-
lyzed and are likely to be published during this year’s EHRA
(European Heart Rythm Association) Congress [15].

S-ICD is an effective and safe method of preventing SCD.
The main advantages of this device is its implantation out-
side of blood vessel, high effectiveness and relatively low in-
cidence of early and late post-operative complications. Due
to its limitations, S-ICD is currently dedicated for patients
without indications for ventricular pacing and ATP. The pos-
sibility of combining S-ICD with a pacemambker is currently
explored. The main limitations of this approach are the mu-
tual interferences of sensing.

None.

Conflicts of interests

None.




56 Eur J Transl Clin Med 2022;5(2):53-56

References

10.

11.

12.

13.

14.

15.

Paratz ED, Rowsell L, Zentner D, Parsons S, Morgan N, Thompson T, et al. Cardiac arrest and sudden cardiac death regis-
tries: a systematic review of global coverage. Open Hear [Internet]. 2020 Jan 20;7(1):e001195. Available from: https://
openheart.bmj.com/lookup/doi/10.1136/openhrt-2019-001195

Chue CD, Kwok CS, Wong CW, Patwala A, Barker D, Zaidi A, et al. Efficacy and safety of the subcutaneous implantable

cardioverter defibrillator: a systematic review. Heart [Internet]. 2017 Sep;103(17):1315-22. Available from: http://www.
ncbi.nlm.nih.gov/pubmed/28687562

Kaczmarek K, Zwolinski R, Bartczak K, Ptaszynski P, Wranicz JK. A subcutaneous implantable cardioverter-defibrillator —
the first implantation in Poland. Kardiol Pol [Internet]. 2015;73(1):62. Available from: http://www.ncbi.nlm.nih.gov/pu-
bmed/25625342

Authors/Task Force members, Elliott PM, Anastasakis A, Borger MA, Borggrefe M, Cecchi F, et al. 2014 ESC Guidelines on

diagnosis and management of hypertrophic cardiomyopathy: the Task Force for the Diagnosis and Management of Hyper-
trophic Cardiomyopathy of the European Society of Cardiology (ESC). Eur Heart J [Internet]. 2014 Oct 14;35(39):2733-79.
Available from: http://www.ncbi.nIm.nih.gov/pubmed/25173338

Priori SG, Blomstrom-Lundqvist C, Mazzanti A, Blom N, Borggrefe M, Camm J, et al. 2015 ESC Guidelines for the Manage-
ment of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death. Rev Esp Cardiol (Engl Ed)

[Internet]. 2016 Feb;69(2):176. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26837728

Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017 AHA/ACC/HRS guideline for
management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: A Report of the

American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Hea. Hear
Rhythm [Internet]. 2018 Oct;15(10):e73—-189. Available from: http://www.ncbi.nlm.nih.gov/pubmed/29097319

Kaya E, Rassaf T, Wakili R. Subcutaneous ICD: Current standards and future perspective. Int J Cardiol Hear Vasc [Internet].
2019 Sep;24:100409. Available from: http://www.ncbi.nlm.nih.gov/pubmed/31453314

Kempa M. Zastosowanie podskdérnego kardiowertera-defibrylatora w prewencji nagtego zgonu sercowego [in Polish].
Kardiol po Dyplomie [Internet]. 2020;(6):36-9. Available from: https://podyplomie.pl/kardiologia/35504,zastosowan-
ie-podskornego-kardiowertera-defibrylatora-w-prewencji-naglego-zgonu-sercowego

Lambiase PD, Theuns DA, Murgatroyd F, Barr C, Eckardt L, Neuzil P, et al. Subcutaneous implantable cardioverter-defi-
brillators: long-term results of the EFFORTLESS study. Eur Heart J [Internet]. 2022 Jun 1;43(21):2037-50. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/35090007

Gold MR, Lambiase PD, EI-Chami MF, Knops RE, Aasbo JD, Bongiorni MG, et al. Primary Results From the Understanding
Outcomes With the S-ICD in Primary Prevention Patients With Low Ejection Fraction (UNTOUCHED) Trial. Circulation
[Internet]. 2021 Jan 5;143(1):7-17. Available from: http://www.ncbi.nlm.nih.gov/pubmed/33073614

Boersma L V, EI-Chami MF, Bongiorni MG, Burke MC, Knops RE, Aasbo JD, et al. Understanding Outcomes with the
EMBLEM S-ICD in Primary Prevention Patients with Low EF Study (UNTOUCHED): Clinical characteristics and periop-
erative results. Hear Rhythm [Internet]. 2019 Nov;16(11):1636—44. Available from: http://www.ncbi.nlm.nih.gov/pu-
bmed/31082539

Kuschyk J, Stach K, Talimen E, Rudic B, Liebe V, Schimpf R, et al. Subcutaneous implantable cardioverter-defibrilla-

tor: First single-center experience with other cardiac implantable electronic devices. Hear Rhythm [Internet]. 2015
Nov;12(11):2230-8. Available from: http://www.ncbi.nlm.nih.gov/pubmed/26073595

van Dijk VF, Boersma LVA. Non-transvenous ICD therapy: current status and beyond. Herz [Internet]. 2021 Dec;46(6):520-
-5. Available from: http://www.ncbi.nlm.nih.gov/pubmed/34751802

Crozier |, Hagqgani H, Kotschet E, Shaw D, Prabhu A, Roubos N, et al. First-in-Human Chronic Implant Experience of the
Substernal Extravascular Implantable Cardioverter-Defibrillator. JACC Clin Electrophysiol [Internet]. 2020 Nov;6(12):1525-
-36. Available from: http://www.ncbi.nlm.nih.gov/pubmed/33213813

Crozier I, O’'Donnell D, Boersma L, Murgatroyd F, Manlucu J, Knight BP, et al. The extravascular implantable cardioverter-
defibrillator: The pivotal study plan. J Cardiovasc Electrophysiol [Internet]. 2021 Sep;32(9):2371-8. Available from:
http://www.ncbi.nlm.nih.gov/pubmed/34322918



https://openheart.bmj.com/lookup/doi/10.1136/openhrt-2019-001195
https://openheart.bmj.com/lookup/doi/10.1136/openhrt-2019-001195
http://www.ncbi.nlm.nih.gov/pubmed/28687562
http://www.ncbi.nlm.nih.gov/pubmed/28687562
http://www.ncbi.nlm.nih.gov/pubmed/25625342
http://www.ncbi.nlm.nih.gov/pubmed/25625342
http://www.ncbi.nlm.nih.gov/pubmed/25173338
http://www.ncbi.nlm.nih.gov/pubmed/26837728
http://www.ncbi.nlm.nih.gov/pubmed/29097319
http://www.ncbi.nlm.nih.gov/pubmed/31453314
https://podyplomie.pl/kardiologia/35504,zastosowanie-podskornego-kardiowertera-defibrylatora-w-prewencji-naglego-zgonu-sercowego
https://podyplomie.pl/kardiologia/35504,zastosowanie-podskornego-kardiowertera-defibrylatora-w-prewencji-naglego-zgonu-sercowego
http://www.ncbi.nlm.nih.gov/pubmed/35090007
http://www.ncbi.nlm.nih.gov/pubmed/33073614
http://www.ncbi.nlm.nih.gov/pubmed/31082539
http://www.ncbi.nlm.nih.gov/pubmed/31082539
http://www.ncbi.nlm.nih.gov/pubmed/26073595
http://www.ncbi.nlm.nih.gov/pubmed/34751802
http://www.ncbi.nlm.nih.gov/pubmed/33213813
http://www.ncbi.nlm.nih.gov/pubmed/34322918

EUROPEAN JOURNAL OF TRANSLATIONAL

AND CLINICAL MEDICINE 2022;5(2):57-66 REVI E W A RTI C L E

The role of biomarkers in early
prediction and molecular mechanisms
of preeclampsia

Iyshwarya Bhaskar Kalarani ©®, Ramakrishnan Veerabathiran ©,

Vajagathali Mohammed

Human Cytogenetics and Genomics Laboratory, Faculty of Allied Health Sciences, Chettinad Hospital and Research Institute,
Chettinad Academy of Research and Education, Tamilnadu, India

Abstract

Preeclampsia (PE) is defined as new onset hypertension after 20 weeks of gestation with evidence of maternal
organ or uteroplacental dysfunction or proteinuria. PE is a leading cause of maternal death, with about 55000
deaths worldwide each year. Toxic substances that damage the maternal vascular endothelium induce PE, resul-
ting in liver and kidney malfunction. It is crucial for obstetricians to identify as early as possible the patients who
are at risk for PE. Polycystic ovarian disease, sleeping disorders, urinary infections, periodontal disease, smoking,
lifestyle and familial history of PE are the major risk factors involved in this disease. VEGF, sFlt1, SENG, PAPP-A,
inhibin A and activin A proteins, fetal hemoglobin, heat shock protein and placental protein have been helpful
in predicting or diagnosing PE and in understanding its pathogenesis. In addition, a better understanding of PE
pathogenesis would aid in identifying the most effective treatments that do not impair the fetus’ prognosis. The
aim of our study is a review of the pathophysiology and biomarkers, such as pro- and anti-angiogenic substan-
ces, that may be useful in the detection of PE in the future.
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Introduction

Gestational hypertension is a condition that increas-
es blood pressure by > 140 mmHg in the systolic and > 90
mmHg in the diastolic for the first time 20 weeks into the
pregnancy without proteinuria. Preeclampsia (PE) is defined
as new onset hypertension after 20 weeks of gestation with
evidence of maternal organ or uteroplacental dysfunction or
proteinuria. Additionally, both the mother and the child may
develop diabetes mellitus or cardiovascular illnesses later in
life due to PE. There are two types of PE: early onset (symp-
toms appearing before 33 weeks) and late-onset (symptoms
appear after 34 weeks) [1-2]. Although early and late-onset
PE is related to some risk factors and overlaps in present-
ing symptomes, their effects on both mother and child can
differ [3]. Placental perfusion problems cause proteinuria,
edema, and multiple organ failure. Clinical signs range from
mild to severe hypertension. Preeclampsia symptoms include
cephalgia, impaired vision, light sensitivity, weariness, emesis,
upper right abdomen pain, dyspnea and contusions. Normal
pregnancy alters the patient’s immune system, allowing her
to withstand illnesses. Because the fetus expresses paternal
antigens, a pregnant woman’s immune regulatory compe-
tence is critical for a safe pregnancy [4]. In PE, genetic and
environmental factors contribute to the aetiology and patho-
physiology of the disease. The delivery of the fetus and pla-
centa is recognized as the only effective treatment [5].

PE is the leading cause of maternal mortality, account-
ing for around 55000 fatalities globally each year [6]. It has
a complex etiology with early family-based research show-
ing a role for maternal, fetal and paternal genetic factors [7].
We expect the global prevalence of preeclampsia to range
from 5% to 14%, with developing countries experiencing
a 4% increase. The total prevalence of preeclampsia varies
between studies and populations, ranging from 4% to 23%
(4% of pregnancies in the United States, 4.74% in Ethiopia,
6.1% in Kenya and 2-14% in Nigeria) [8]. According to the
WHO, PE is common in middle-income developing nations
such as India, with a 15% incidence rate and more cases in
in that country’s northern part than in southern. Tripura,
the Indian state with the highest PE prevalence, has has
demonstrated reduction of risk factors such as smoking
and multiple pregnancy terminations. Climate change is
also a key risk factor in India, with preeclampsia being more
common in the summer and spring. Exposure to sunshine,
variations in vitamin D deficiency cigarette consumption,
lifestyle and ethnicity are the leading causes of hyperten-
sion in India [9-10].

According to the 2019 National Institute for Health and
Care Excellence (NICE) guidelines, a pregnant woman with
a history of autoimmune disease, diabetes or kidney disea-
sel has an increased risk of PE. Various risk factors, including
nulliparity, older age, chronic hypertension and gestational

diabetes, have been identified as contributing to the high
risk of PE. In addition, women with PE have a higher chance
of having cardiovascular, kidney or neurological illness later
in life, affecting the child’s future health [11-12]. Additional
clinical factors that enhance the risk of PE include sleep ap-
nea, polycystic ovarian syndrome and infections (including
urinary tract infections, periodontal disease and helicobacter
pylori). Changing one’s lifestyle can reduce PE, e.g. a vegeta-
ble and plant-based diet might be linked to a lower incidence
of preeclampsia [13]. The aim of this study was to review the
pathophysiology and biomarkers, such as pro- and anti-an-
giogenic substances.

Material and methods

The electronic databases such as PubMed, EMBASE and
Cochrane Library were searched for articles published in the
years 2010-present. The search terms were: preeclampsia,
biomarkers, pathophysiology of PE, risk factors for PE, genet-
ics of PE. We included only the human studies. Papers not
written in English were excluded. This is a narrative review,
therefore no statistical analysis was performed.

The search retrieved 85 article abstracts. After screening,
26 of them were excluded and we screened the full texts of
the remaining articles. A total of 59 articles were included in
the review.

Pathophysiology of PE

The pathogenesis of PE is unknown. Currently PE is com-
monly thought to be a two-stage disease. The first stage is re-
duced placental perfusion, caused by abnormal implantation
and placental vascular development, due to an imbalance
in angiogenic factors [14]. The second stage of PE, maternal
response, is manifested by widespread inflammation and
maternal endothelian cell dysfunction, increased markers of
oxidative stress, insulin resistance, reduced immune function
and dyslipidemia [15].

Stage 1
Abnormal placentation

During normal placental development, extravillous cy-
totrophoblast invades the decidual and myometrial spiral
arteries [14]. These spiral arteries then lose their endothe-
lial nature and transform themselves from high resistance
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vessels into large vessels capable of providing adequate
placental perfucion to supply nourishment to the develop-
ing fetus. This results in impaired spiral artery remodelin-
gand relative placental ischemia. A trophoblast defect can
cause shallow placentation, placental ischemia, insufficient
spiral artery transformation and the maternal syndrome of
preeclampsia [16-17]. The inability of preeclamptic tropho-
blast cells to change epithelial cell surface integrin expres-
sion to an endothelial phenotype restricts their ability to
penetrate. In addition, PE may disrupt the activity of de-
cidual natural killer (NK) cells, which play a role in vascular
remodeling [18-19].

The NK cells produce angiogenesis-promoting cytokines
and proteins but cannot remodel spiral arteries down-
stream. Furthermore, PE has been shown to activate circu-
lating T and NK cells. In addition, PE may also occur due to
the lysis of HLA-G deficient trophoblast cells caused by the
uterine NK cells. Additionally, the absence of trophoblast
cells, which should infiltrate the developing spiral arteries,
would prevent the placenta from receiving enough oxygen
and nutrients. According to recent research, there may be
at least one common cause of spontaneous abortion or in-
fertility. This cause is virtually identical to the cause of PE in
pregnancies that survive 20 weeks. A recent study indicates
that spiral arteries develop relatively narrow, thick-walled,
and tortuous vessels in preeclampsia due to the failure of
endovascular trophoblast invasions to undergo physiologi-
cal modification.

Moreover, in PE, trophoblasts do not invade the myo-
metrial segment of spiral arteries, in contrast to a normal
pregnancy, in which the transformation of the spiral artery
is limited to the decidual region of one-third of the myome-
trium. Consequently, deep placentation is unsuccessful and
the placenta’s blood flow is constrained, resulting in insuffi-
cient perfusion by the uterus. This phenomenon is associat-
ed with PE as well as many other pregnancy complications,
such as placental abruption, preterm labor, premature rup-
ture of membranes and intrauterine fetal mortality [20].

Hypoxia-inducible factors

Hypoxia-inducible factors (HIF) 1a and 2a, markers of
cellular oxygen deficiency, were detected in high quantities
in the placentas of PE patients. The production of sFLT1 (sol-
uble fms-like tyrosine kinase 1), a solid anti-angiogenic factor
associated with the HELLP syndrome (hemolysis, elevated
liver enzymes, low platelets), is inhibited when 2-methoxye-
stradiol suppresses HIF-1a, an estradiol metabolite that de-
stabilizes HIF-1a. Because many variables besides hypoxia
control HIF-1a expression, identifying the dysregulated signal
upstream is difficult [21-22]. During placental hypoxia, the
transforming growth factor family three (TGF-3) becomes
more active, inhibiting the invasion of trophoblasts and the

development of cytotrophoblasts. A natural metabolite of
estradiol can decrease placental hypoxia; 2-methoxy estra-
diol, a natural metabolite of estrogen, reduces placental hy-
poxia by inhibiting HIF-1a expression. 2-methoxy estradiol is
elevated throughout the 3rd trimester of normal pregnancy [23].

Oxidative stress

A pro-oxidant-antioxidant imbalance favours oxidation,
which results in oxidative stress (OS). However, uncon-
trolled lipid peroxidation can occur in PE, impairing nor-
mal endothelial cell function [24]. According to research,
PE contributes to placental oxidative stress by causing
hypoperfusion and ischemia through remodeling of spiral
arteries and cytotrophoblast invasion. The placenta expe-
riences oxidative stress during a normal pregnancy due to
increased mitochondrial activity, resulting in excess reactive
oxygen species (ROS). However, improper placentation am-
plifies this impact during preeclampsia [23]. Preeclamptic
trophoblasts cultured ex vivo produce more ROS, inhibiting
the Wnt/-catenin signaling pathway and increasing tropho-
blast invasion. In addition, anti-angiogenic factors, such as
sFLT1, may be expressed [25].

Stage 2
Angiogenic growth factors

Numerous molecules govern the processes of angiogen-
esis and vascular homeostasis. The VEGF (vascular endothe-
lial growth factor ), PIGF (placental growth factor), soluble
fms-like tyrosine kinase (sFlt1; fms — feline McDonough sar-
coma) and soluble endoglin (sEng) have all been related to
the pathophysiology of PE in humans. Endothelial cell activ-
ity is required for VEGF, mainly in the liver, glomeruli, and
brain, the primary organs affected by preeclampsia. It is
a disulfide-linked glycoprotein that is a homodimer involved
in angiogenesis and vasculogenesis [26]. The VEGF subfam-
ily functions by interacting with tyrosine kinase receptors,
such as EGFR-1, VEGFR-2, and VEGFR-3, that activate cellular
responses by phosphorylating the substrate. VEGF and its
receptors significantly produced invasive cytotrophoblast in
the first trimester of pregnancy for placental vascular devel-
opment [15]. PIGF is a VEGF family member that plays a role
in angiogenesis by binding to VEGFR1/sFLT [27]. It is a power-
ful angiogenic protein with structural similarity to VEGF that
is primarily produced by the placental syncytiotrophoblast.
It is also necessary for vasculogenesis during embryonic de-
velopment in a normal pregnancy. They observed plGF levels
to be lower in PE. Women predisposed to PE had lower PIGF
levels, whereas salt-1 levels were higher. In PE, sFlt-1 binds
to both VEGF and PIGF, inhibiting them from attaching to en-
dogenous receptors. The levels of sFLT1 protein in maternal
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plasma or serum were high in preeclamptic placentas [28].
Transforming growth factors (TGF) family members, such
as TGF-beta 1 and TGF-beta 3 have a cell surface co-re-
ceptor called endoglin. These two substances are powerful
inhibitors of trophoblast differentiation and migration. The
PIGF, TGF-B and sEng are highly expressed in placental tissue
in PE [29].

Angiogenic markers
Soluble Endoglin (SEng)

Cellular endoglin is present on the membranes of vascu-
lar endothelium and syncytiotrophoblast cells. It functions
as a receptor which inhibits the angiogenic factors TGF-B1
and TGF-B3. Its other function is inhibition of nitric oxide
(NO) synthase in the endothelial cells, preventing vasodila-
tory action via the TGF. Several studies show that endoglin
has been linked to PE (Figure 1). According to one study, en-
doglin mRNA and sEng levels were four times greater in pre-
eclamptic women. According to further research, the level
of sEng is also used as a prognostic marker. Concentrations
of sEng were three-fold higher in patients with mild PE, five
fold in severe PE and ten-fold in those with the HELLP syn-
drome [30]. During PE, placental endoglin is released into
the maternal bloodstream, allowing soluble endoglin to
become available. A potential mechanism of action is its
ability to interfere with TGF-B1 signaling in the vasculature.

\ /

Endothelial dysfunction
e decreased prostacyclin
® nitric oxide production
¢ release of procoagulant

Figure 1. sEng and sFLT-1 cause endothelial dysfunction and leads

to preeclampsia

Using adenoviral vectors, over-expression of sEng in rats
resulted in improved vascular permeability and mild hyper-
tension without significant proteinuria. Because of over-
-expressing sFltl and sEng with an adenoviral vector, significant
vascular damage, nephrotic range proteinuria, severe hyper-
tension, a condition similar to HELLP syndrome, and fetal
growth retardation were observed. It is possible, therefore,
that sEng and sFlt1 act in different ways to cause endothelial
dysfunction and severe PE [31].

Soluble Fms Like Tyrosine kinase-1 (sFLT-1)

The membrane-bound Flt-1 protein (sFlt-1), a shortened
splice variant, circulates freely in the bloodstream and binds
to PIGF and VEGF. The link between elevated sFlt-1 and
PE has been shown in several studies. Levels of sFlt-1 are
strongly linked to illness severity, hypertension, and protein-
uria [32-33]. In patients with PE, the concentration of sFlt1
rises in the placenta or blood, while PIGF decreases. During
the second trimester, sFlt1 and PIGF have shown significant
sensitivity in predicting the development of PE (Figure 1)
and a high sFlt1:PIGF ratio may also indicate this condition.
However, additional clinical research, particularly random-
ized trials, will be required to determine their utility [34].

Immunological markers

Pregnancy-associated placental
protein A (PAPP-A)

The trophoblast produces PAPP-A, a large glycosylated
protein thought to function in the implantation process [35].
It enters the maternal bloodstream and binds to the bind-
ing protein of eosinophils, inhibiting their proteolytic ac-
tivity [36]. The first-trimester serum PAPP-A levels are low
before other pregnancy problems (e.g. fetal growth restric-
tion, spontaneous miscarriage, placental abruption, prema-
ture delivery, gestational diabetes) occur, limiting its use
as a PE biomarker (Figure 2). PAPP-A has been proposed
as a better diagnostic for fetal growth restriction than pre-
eclampsia [37].

Placental protein 13

Placental Protein 13 (PP13), also known as Galectin 13
(Gal-13) is a polypeptide that combines carbohydrates and
is associated with swelling, autoimmune response and cell
death. Galectins are vital in controlling certain parts of the
genital system in some individuals. It has extreme affinity for
sugar residues, namely the ABO blood type antigens AB and
B. It may stimulate endometrial arterio-venous dilation and
preserve maternal vascular integrity by interacting with gly-
coproteins and glycolipids [38]. According to studies,



decreased blood PP13
during premature birth
may act as a biomarker to
identify PE patients. There
are some reports that that
blood PP13 levels and uter-
ine artery Doppler exam-
ination could help to detect
individuals with PE before 34
weeks of gestation [39-41].
PE may also be associated
with reduced PP13 expres-
sion in the placenta [42]. Al-
though PP13 has some pre-
dictive significance for PE,
Giguere et al needed more
data to allow a more precise
assessment [43].

Metabolic Marker
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Figure 2. Low levels of the PAPPA protein and the pathogenesis of preeclampsia

Visfatin

It is known that visfatin, a nico-
tinamide phosphoribosyl transferase
enzyme, is produced by adipose tis-
sue that catalyzes the conversion of
5-phosphoribosyl-1-pyrophosphate
into nicotinamide mononucleotide [44].
The levels of maternal plasma visfatin
were considerably lower in women
with PE and it also linked their levels
to the severity of the condition [45]
(Figure 3). As a result, larger-scale
investigations are needed to assess
the relevance of visfatin as a possi-
ble PE marker.

Endocrine Markers

Inhibin A and activin A

Inhibin A and activin A are glyco-
protein hormones that belong to the
transforming growth factor-B family.
These circulating proteins are primar-
ily obtained from the placenta during
pregnancy, and their quantities rise in
the third trimester in uncomplicated
pregnancies [46]. Inhibin A plays a vi-
tal part in the negative feedback of go-
nadotropins in the endocrine system
and Activin A is engaged in various

Visfatin

>

/' Condensation \

PRPP

Severity of preeclempsia

Figure 3. Low-level of visfatin increases the severity of preeclampsia
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biological functions. Both hormone concentrations rise in the
third trimester of a normal pregnancy and their levels rise
tenfold with severe PE. In addition, it causes an increase in
maternal oxidative stress and systemic inflammation. Oxida-
tive stress stimulates the production and release of activin
Ain placental explant and endothelial cells. There are conflict-
ing reports on the increase of inhibin A in the second trimes-
ter, which was not as high in PE as Activin A (Figure 4) [47].

Fetal hemoglobin

In PE, fetal hemoglobin (HbF) may provoke oxidative
stress. In the placentas and bloodstreams of women with
PE, oxidative stress is present. The connection between HbF
and PE has prompted researchers to investigate it recently.
They have postulated that HbF takes part in PE by causing
harm to the placenta, kidneys and other organs, although
the actual mechanism remains unknown. Therefore, during
PE the placenta has an elevated activity of al-microglobulin
(A1M), showing that oxidative stress responds to its tran-
scription. HbF causes tissue damage that A1M partially alle-
viates. There may be a possibility of further research on PE
using A1M [48]. The fusion of hemoglobin was increased in
the placentas of PE patients due to endothelial injury and
inflammation [49]. During oxidative stress, patients with PE

N

& Oxidative stress
A IL 1B, TNFa

Compensatory
A Activin A and Inhibin A

# Increase

Figure 4. Actin A and Inhibin A are responsible for the manifestation of preeclampsia

Spiral artery

can have HbF released into their bloodstream. Since the HbF
serum of PE patients can be higher during premature gesta-
tion, it may be a helpful marker [50].

Heat-shock protein

HSP (highly conserved heat shock protein) is typically
found in animal/cellular tissues and regulates the cell cycle,
immunity and protein synthesis [51]. Concerning the link
between HSP and PE, the study focuses mainly on HSP7070,
which may may inhibit apoptosis in various biological process-
es, including protein function. Maternal adverse reactions,
placental disease and oxidative stress can all influence HSP70
expression. A study by Peracoli and colleagues has found that
HSP70 may be allied with pro-inflammatory cytokines such as
TNF-a, interleukin-1B, and interleukin-12 [52]. Salt-induced
hypertension is an outcome of HSP70 overexpression [53].
Livingston et al. demonstrated that the serum HSP70 con-
centration in women with severe PE is not higher than usual [54-
-56]. Because of this contradiction, Saghafi et al. performed
a meta-analysis and discovered elevated HSP70 serum levels in
PE patients compared to women with normal pregnancies [57].
In addition, Hromadnikova et al. found that patients with
PE had elevated levels of HSP70 mRNA. It may be possible
to examine HSP70 for PE diagnosis, although most data is
from case-control studies
and prospective studies
are rare [58]. The potential
biomarkers’ functions and
their possible use are men-
tioned in Table 1.

Several pregnancy-as-
sociated illnesses are asso-
ciated with PE, which has
no known cause. The pres-
ence of several protein bio-
markers is associated with
PE. The following proteins
help predict or diagnose PE
and aid in the understand-
ing of its pathogenesis:
VEGF, sFlt1l, sENG, PAPP-A,
inhibin A, activin A, fetal
heat shock
protein and PP13. Screen-

hemoglobin,

ing for these biomarkers
during pregnancy might
be clinically helpful. Future
research should focus on
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Table 1. Biochemical prediction marker for preeclampsia

Biochemical Preeclampsia biomarkers Potential

marker and their potential roles use

A protein that inhibits the growth

sEng e of angiogenic cells Prognosis/diagnosis
S marker The placenta is responsible for D :
sHi= regulating angiogenesis i20N0SIS
PAPP-A A fetus with normal chromosomes probably Diagnosis
Immunological influences the development of the placenta
marker A member of the Galectin family, its function
PP-13 remains unknown, but it is believed to induce Diagnosis

apoptosis in specific immune cells

It plays a role in glucose homeostasis, and
Visfatin Metabolic marker dysregulation of its biosynthesis or signal Diagnosis
transduction contributes to disease pathogenesis

It is assumed that inhibition A plays an
influential endocrine role in the negative

Inh'b'_n_A EEIES I feedback of gonadotrophins. In contrast, Diagnosis
and Activin A marker L . . . .
activin A is believed to function in various
biological tissues
As an antioxidant and heme scavenger, Di i
Fetal ey venger, iagnosis

A1M is located in the fetus and is involved

Hemoglobin .
in oxygen transport

A highly conserved protein that is widely
present in organisms and cells and plays
Heat Sh_°Ck a key role in the formation of protein complexes, Diagnosis
protein the regulation of the cell cycle, and the
regulation of the immune system

giogenesis and finding new and accurate biomarkers for early
disease detection. Not applicable.
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Abstract

Patients with cleft lip and palate require long-term, multistage and multidisciplinary treatment whose first step
is presurgical orthopaedic (PSO) treatment. The reconstruction of the lip, alveolar process and nose in these
patients are major plastic surgery challenges. Various presurgical procedures are undertaken to achieve opti-
mal surgical outcomes. The aim of this article is to present selected techniques for the presurgical cleft lip and
palate treatment in infants and critically evaluate the benefits, limitations and drawbacks of the methods used.
The research was based on the literature review using keywords: presurgical treatment of cleft lip and palate in
infants, presurgical orthopaedics in the treatment of cleft lip and palate in infants in PubMed, Google Scholar
databases, and publications in orthodontics and infant orthopaedics out of these databases. PSO is a minimally
invasive therapy performed between birth and first surgery. Anatomical and functional cleft palate disorders
constitute indications for PSO. There are positive reports on PSO techniques and some of them can be imple-
mented by the child’s caregivers at home. The authors of studies disagree on the PSO effectiveness. The lack of
long-term research results, high costs of therapy and few therapy centres negatively influence the decision to
undertake the therapy.
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Introduction

Cleft lip and palate is one of the most common devel-
opmental defects, which manifests as an anatomical dis-
continuity and underdevelopment of the tissues involved
in this disorder. Due to abnormalities in the morphology of
the skeleton and dentition it causes numerous functional
problems (e.g. with breathing, sucking, swallowing, chew-
ing, and speech) and promotes infections of the respiratory
tract and middle ear [1]. Often the cleft is also the cause of
varying degrees of self-esteem issues and social exclusion.
The loss of anatomical continuity of the tissues due to cleft
implies a disruption of the harmonious pre- and postnatal
growth of all the anatomical structures that are intercon-
nected and control further growth, resulting in deformities
of the facial elements, jaws and nose.

The incidence of clefts varies. They are most common
in Asians (Indians 3.6/1000, Japanese 2.1/1000, Chinese
1.7/1000) and are less common in African-Americans
(0.3/1000). Among Caucasians, the average incidence is
about 1/1000, with a fairly high incidence in Europe (Swe-
den 2/1000 and Denmark 1.9/1000) [2-4].

Cleft lip and palate causes numerous morphological
abnormalities in the craniofacial region. Deformities ob-
served in unilateral cleft lip and palate are a more or less
pronounced cupid’s bow, a poorly marked or absent philtral
ridge, shortening of the lip on the cleft side compared to
its height on the unaffected side, an often-hypertrophied
lip frenulum, the depth of the nasolabial fold usually only
marked on the non-cleft side, a protrusion of the cutaneous
part of the lip due to the retraction of the underlying mus-
cles which have lost their grip. The nasal deformities associ-
ated with this cleft are flattening and widening of the nostril
opening on the cleft side, tilt of the columella toward the
affected side, upturned base of the nasal wing, deviation of
the anterior nasal spike toward the normal side, and asym-
metry of the nasal tip. In bilateral cleft lip and palate, the
cupid’s bow is generally absent and the cutaneous portion
of the lip is a convex lens-shaped surface. There is no visible
philtral ridge and the prolabium is usually devoid of prop-
erly developed muscle fibres. Visible nasal deformities in-
clude a flattened and dilated nasal tip, shortened columella,
and poorly developed septal nasal cartilage. The premaxilla
is protruded, while the cleft jaw fragments collapse towards
the midline [5] (Fig. 1).

The treatment of cleft lip and palate in infants requires
a multistage, multidisciplinary approach and cooperation
between physicians of many specialties. Presurgical or-
thopaedic (PSO) treatment is one of the earliest stages of
this treatment plan. Whereas presurgical orthodontic tech-
niques are used to model the tissues of the jaw, alveolar
process, and nose of an infant with unilateral or bilateral
cleft lip and palate. According to many authors, infants
who have a complete osseous cleft may benefit from PSO

treatment applied prior to cleft lip and palate suturing proce-
dures. The expected outcome of PSO treatment techniques
is primarily an attempt to achieve better surgical outcomes
by reducing the cleft gap and improving jaw growth, making
the tissues of the lip and nasal region more flexible [6-7].

Other expected effects of PSO techniques mentioned in
the literature are improvement of jaw growth, facilitation of
intraoral feeding, improvement of speech function, and re-
duction of nasal deformity [6-7].

The literature suggests that the use of PSO by the ortho-
dontist early in the child’s development, due to the high flex-
ibility of the soft tissues, may offer the possibility of a better
surgical treatment outcome. On the other hand, PSO tech-
nigues often raise several doubts and there is much discus-
sion in the literature. The aim of this article was to review the
literature about selected presurgical treatment techniques
for cleft lip and palate in infants and to critically evaluate the
their benefits, limitations and drawbacks.

Materials and methods

The literature from 1987-2021 was reviewed using the
key words: presurgical treatment of cleft lip and palate in
infants, presurgical orthopaedics in the treatment of cleft lip
and palate in infants in the PubMed and Google Scholar da-
tabases and publications in the field of orthodontics and in-
fant orthopaedics that were not available in the mentioned
databases. Based on the analysis of 75 publications, 35 arti-
cles, and 2 textbooks related to the topic of the study were
selected. Case reports and literature of Polish authors were

included in the literature.

Figure 1. Bilateral cleft palate in an infant
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PSO (Presurgical Orthopaedic) treatment is a clinical tech-
niqgue which has its beginning in the seventeenth century,
when Hoffman used a headgear with straps which caused the
retraction of the premaxilla and narrowing of the cleft fissure.
Desault wanted to achieve the same effect with a similar tech-
nigue in children with bilateral clefts. Later, Hullihen (1844)
used adhesive tapes in the presurgical phase to help bring
the cleft soft tissues together and Brophy (1927) used a sil-
ver wire passing through both cleft segments of the alveolar
process, tightening the wire led to approximation of the seg-
ments [8]. A little later, McNeil (1950) used acrylic plates to
form the cleft segments of the alveolar process [8-9]. Among
the methods introduced for the presurgical treatment of
clefts we should also mention the acrylic plates immobilised
with pins aimed at simultaneous retraction of the premax-
illa and expansion of the posterior cleft segments, used by
Georgiade and Latham (1975) and the passive acrylic plates
used by Hotz (1987). A method combining correction of cleft
palate, alveolar process, lip, and nose was proposed in 1993
by B.H. Grayson and was based on the use of an acrylic plate
fitted with a nasal stent and tapes [9-11]. Effective treatment
of cleft lip and palate should lead primarily to restoration of
the continuity of the alveolar ridge, normal oral
function, development of the speech apparatus,
and improvement of hearing and aesthetics. PSO
techniques in their assumption aim to prepare
the patient for surgical treatment. The authors
of these publications suggest that combining
PSO with surgery may contribute to favourable
treatment outcomes, increasing the likelihood
of improving the quality of life [7, 12].

The application of the chosen PSO therapy
depends on the type of cleft and the preference
of the treating physician. In the literature the
most frequently mentioned PSO techniques are
alveolar modelling with palatal plates, tape ther-
apy, massage, and NAM [7].
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move the alveolar segments in a specific way with controlled
forces, whereas passive appliances do not provide force but
act as a support point for the forces generated during surgi-
cal suturing of the lip to contour and form the alveolar seg-
ments [13-14].

The plates used in PSO have two handles (wires) fused
into the anterior part, lying on the cheeks. The plate located
in the oral cavity covers the palate and alveolar ridge and
covers the cleft fissure, separating the nasal and oral cavities
(Fig. 2-3). In patients not treated with a plate, the tongue
is located in the cleft fissure, impairs the growth of the jaw
and reduces the size of the cleft fissure [15]. Depending on
the type of cleft, the plate is relieved accordingly resulting
in displacement of the cleft segments [16]. Numerous mod-
ifications of the palatal plate are described in the literature,
e.g.: Perczynska-Partyka (with a hole for a dummy), Burston
(with a bite shaft), Perzynowa (with an orthodontic screw),
Penkalowa (concerning bilateral clefts, with the use of an
acrylic pad on the premaxilla) [16]. The following advantages
of alveolar modelling with a palatal plate were reported in
the literature:

e reduction of cleft fissure size due to growth of alveolar

ridges and bones medially [7, 15],

Figure 2. Palate plate made of acrylic. View from the inside

Alveolar modelling
with a palatal plate

Alveolar modelling with a pal-
atal plate takes advantage of the
increased formability of the maxil-
lary segments in infants and the
possibility of their repositioning.
The aim of this treatment is to
achieve an end-to-end alveolar
position prior to surgical treat-
ment. Active and passive, intraoral
or extraoral appliances are used
in the treatment. Active plates

Figure 3. Palate plate made of acrylic. Front view
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e improved sucking and swallowing function and the possi-
bility of replacing probe feeding in favour of breastfeed-
ing [7, 16].

Whereas the following disadvantage of this technique
was also noted: the headpiece or cloth straps (needed to
keep the plate in the correct position) may cause discomfort
for the patient [16].

Orthopaedic taping

Orthopaedic taping is commonly used in the presurgical
management of cleft treatment. It can both complement an-
other technique or be used as a separate therapeutic tool. Ex-
ternal taping is used in conjunction with intraoral plates and is
a source of external forces used in the process of alveolar ridge
repositioning. The aim of orthopaedic taping is to approximate
the soft tissues located in the immediate area of the cleft. The
tapes mimic the flexibility and functionality of the muscles. In
bilateral clefts, the tapes are placed on the patient’s cheeks
and apply pressure on the protruding premaxilla to retract it.
The forces acting on the cleft segments improve their position.
In the case of unilateral clefts, lip protectors attached to the
tape are used to facilitate the repositioning of the segments
into the correct position. The desired effect of using this meth-
od is to change the shape of the lip edges and improve the
muscular strength of this area [7, 17-18]. Among the advan-
tages of orthopaedic taping technique is beneficial effect on
muscle development, muscle mass gain and enhancement
of the child’s facial expression [7, 18]. The following disad-
vantages of this technique are reported in the literature:

e frequent complications: skin irritations, ulcerations [8-9],
o difficulties in maintaining hygiene of the treated area [8, 19],
e mistakes in tape replication by the caregiver [19].

Massage

A PSO technique rarely described in the orthodontic and
dental literature is cleft lip massage. The recommended PSO
treatment for children with cleft is to massage both parts
of the cleft lip. It is recommended that the massage be per-
formed by the child’s caregiver several times a day. The mas-
sage should be performed in accordance with the recommen-
dations of the orthodontist. Massages are intended to stretch
and make soft tissues more flexible before surgery. Szelag et al.
describe the method of massage which depends on the type
of cleft [16]. It is recommended to perform massages 3-5
times a day with 30 movements bringing the cleft lips togeth-
er during one massage [16]. The main advantage of massage
is increasing tissue elasticity and stretching, which facilitates
surgical procedures (fusion of the cleft parts and formation of
the lip) [15]. It should be noted that this is the least invasive of
the techniques described [16].

Nasoalveolar Molding (NAM)

The NAM technique is a method particularly popular in
the United States and is also used in many European and
Asian countries. The aim of the technique is to reduce the
oro-nasal deformity prior to primary surgery. The NAM tech-
nique uses a palatal plate and wire elements, as well as extra-
oral nasal stents, supported by surgical tapes. The elements
used can lead to narrowing of the cleft fissure, formation of
the nasal cartilage, the premaxilla, and the alveolar process.
The desired outcome of treatment is to achieve the correct
position of the replaced structures and a shape suitable for
the neonatal-infant period [9]. According to the authors
Grayson et al. [9] in infants with bilateral cleft lip and palate
with alveolar involvement, the goals of presurgical NAM are
non-surgical elongation of the columella, positioning of the
premaxilla in the sagittal plane, and retraction of the premax-
illa in a slow and gentle process to achieve continuity with
the posterior segments of the alveolar cleft [9]. Additional
objectives include reducing the width of the nasal tip, im-
proving its projection, and reducing the width of the nasal
wing base [9, 20].

The basis for the NAM concept was a study by Matuso
et al. (1984), according to which hormones in infants (higher
levels of oestrogen) have a significant effect on the ability to
form cartilage tissue [8-10, 13]. The palatal plate is formed
depending on the type of cleft, considering the areas of po-
tential pressure and relief. Additionally, it is provided with
aretention arm(s] usually ending in a retention button, which
allows the attachment of flexible elements: orthodontic ex-
tractors, orthodontic elastics and surgical tapes stretched be-
tween the retention button and soft tissues of the cheeks. At
a later stage of treatment (cleft fissure reduced to 5-6 mm),
a stent is added to the plate, which should be beneficial in
improving nasal symmetry and protrusion [8].

The NAM technique has many modifications regarding
the construction of the palatal plate, the stent, and the treat-
ment procedure. These include, for example, the PENAM
technique described by Qi Wang et al. [21] using a nasal
frame and stent, without the use of a palatal modelling plate,
and the Figueroa NAM technique described by Y-F Chen and
Y-F Liao [22] using a passive modelling plate [21-22].

Advantages of the NAM technique reported in the liter-
ature are:

e approximation of the cleft segments, alignment of the soft
tissues, improved symmetry of the nasal cartilage which
allows for better postoperative results with less risk of
scarring [8-9, 23],

¢ a more favourable position of the alveolar process allows
bone formation, which in the further development of the
child gives a chance for teeth to erupt in the correct posi-
tions and the possibility of better alignment of the denti-
tion and periodontal support [8, 24],
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¢ the potential stimulation of immature nasal chondroblasts
and their interstitial expansion, resulting in improved na-
sal morphology [8, 13].

Disadvantages of the technique reported in the literature:

e jrritation and ulceration of the oral mucosa, gums, nose,
and cheek skin, due to excessive pressure of the plate in
the oral vestibular area and on the labial side of the pre-
maxilla, Inflammation of the nasal tip area due to exces-
sive force applied to the nasal stent and fungal infections
resulting from poor tissue hygiene [8-9, 13, 25],

¢ he need for precise fabrication of the plate and its adjust-
ment each time during the follow-up visit [8].

A study on the effectiveness of the PSO techniques us-
ing a palatal plate was conducted by Mishima et al. [26].
The study involved 20 children (up to 18 months of age)
with unilateral complete cleft lip and palate. Twelve chil-
dren were treated with PSO using a palatal plate. The fol-
lowing parameters were assessed: degree of palatal dislo-
cation, size of segment migration and shape of the alveolar
process arch. Compared to the control group, an increase
in the size of the palate with a decrease in the gap between
the maxillary segments (sagittal axis), a reduction in the
angle of the segments towards the nasal cavity and an in-
crease in the migration of the smaller segment towards the
larger segment were obtained. According to the authors
Mishima et al. [26], the use of braces in PSO can stimulate
segment growth and prevent the jaw arch from collapsing
under the force of lip closure [26].

A study on the effectiveness of using PSO techniques with
the NAM technique was described by Padovano et al. [27],
who reviewed 12 studies on the long-term effects of using
this technique in patients with unilateral cleft lip and pal-
ate. According to the analysis of the data, the use of the
NAM technique was found to be beneficial in improving
the aesthetic aspect compared to no presurgical treatment
with braces [27]. According to Maull et al. [28], the NAM
technique has a beneficial effect on nasal shape in patients
with unilateral complete cleft. The use of this technique up
to 4 months of age followed by primary surgery resulted in
better nasal symmetry compared to the control group. The
treatment effect persisted into early childhood [28]. Lee
et al. [29] compared the results of patients with bilateral
cleft treated with surgery with patients treated according
to the NAM protocol. They found that non-surgical colu-
mella lengthening (NAM) followed by primary retrograde
nasal reconstruction had a beneficial effect on columella
length and significantly reduced the need for repeat nasal
surgery [29].

Based on a long-term evaluation, Lee et al. [30] analysed
the effects of alveolar modelling and gingivoperiosteoplasty
(modified Millard type) on the growth of the midface in the
prepubertal period. They found that presurgical nasoalveo-
lar molding (NAM) and gingivoperiosteoplasty (Millard type)
did not affect the growth of the midface in the sagittal or ver-
tical planes (until the age of 9-13 years) [30]. Ringdahl [31],
who compared the long-term effects of treatment using the
NAM technique with patients in the control group, found no
significant difference in midface growth [31].

It should be noted that in numerous articles the authors
point out that the use of the NAM technique is associated
with the risk of an abnormal process of movement of the
larger segment without changing or with a weaker change
in the position of the smaller segment, so that the smaller
segment becomes blocked. Furthermore, excessive nostril
dilatation, resulting from too early placement of the nasal
stent, is noticeable [20, 29]. There are also opinions that,
despite the beneficial effect on approximation of cleft max-
illary segments in the NAM technique or other PSO meth-
ods, there are no clear long-term results indicating the ben-
efits of the therapies [7].

Studies on the effectiveness of PSO techniques using
kinesiotaping were described by Dajewee et al. [19]. The
application of tapes transverse to the cleft fissure with their
replacement every 1-3 days depending on the clinical con-
dition of the patient (25% tape tension), applied until the
child was 6 weeks old, led to a reduction in the cleft angle
(on average from 57.53° to 31.3%) and narrowing of its sub-
nasal width (on average from 36.41 mm to 21.69 mm) as
well as approximation of the tissues within the vermillion
border (on average from 47.84 mm to 25.48) [19].

Table 1 summarizes the results of studies on the effect
of presurgical therapy (see Table 1).

The effectiveness of using PSO techniques is controversial.
The literature suggests that there is limited evidence on the
long-term effects of the techniques discussed, which may be
due to, for instance, the experience of the orthodontist [30].
Authors of publications also point out the need for detailed
long-term studies on the efficacy of PSO, as they are mostly
conducted with a small study group of a few to a dozen infants
[26,29-30, 32-33]. Certainly, treatment with PSO is a complex
and costly therapy, with its effectiveness not unequivocally
confirmed. There are few centres applying PSO, which often
forces long travelling and generates high treatment costs [6].
According to Ross, a marked visual improvement in the faces
of infants treated with PSO compared to those not treated
becomes imperceptible over time [34]. Adali et al. found that
the use of PSO techniques does not significantly affect the
shape of the dental arch in the treatment of children with
clefts [35]. Significant changes in its shape were only noticed
after surgery [35]. Another argument against PSO is its nega-
tive impact on speech development due to delayed surgical
closure of the hard palate [7, 36].
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Table 1. Summary table of the described methods and effects of presurgical therapies

Author and year

Study group size | Treatment method

Treatment effects

- large size of palate
- smaller sagittal gap between the two
segments of the maxilla
Mishima et al. - smaller steepness of the segments
1996 20 Palate plate toward the nasal cavity
- larger magnitude of migration of the
lesser segment toward the cleft edge
of the major segment
Maull et al. . - increases nasal symmetry
20 NAM technique .
1999 to early childhood
L I. - ff idf h
ee et a 20 NAM technique _no e _ects on mlc_l ace growt
2004 in sagittal or vertical planes
- non-surgical lengthening of collumela
Lee et al. .
2008 26 NAM technique - reduced the need
for secondary nasal surgery
- no significant difference between the
. molding and non-molding groups in
Ringdahl .
2011 16 NAM technique Goslon score, nasal form,
nose symmetry, vermilion border
or nasolabial profile assessments
Dawjee et al. 8 lip Eaping - reduction in cleft size ranging
2014 from 9.1 mm to 36.7 mm
NAM technique -
Padovano et al. _ passive presurgical - better frontal nasal form
ALzl . 12 (FReies) infant orthopedic and vermillion border
(meta-analysis) .
appliances

Presurgical techniques for the treatment of cleft lip and
palate have been used for more than 60 years. The aim of
PSO is to shape the segments of the cleft jaw and stimulate
their growth and development. PSO is a preparation for fur-
ther surgical treatment. Among the indications for PSO are
anatomical abnormalities including cleft fissure size and var-
ious functional disorders [16]. It is important to note that
the authors of the publications are divided and that there
are different attitudes regarding the effectiveness of PSO.
Published studies prove the effectiveness of PSO and the
validity of the use of these techniques as well as those that
undermine them.

Based on the analysis of the literature, we concluded
that in favour of the use of PSO are multidisciplinary care
of the child with a cleft and starting treatment from the first
days of life, before surgery, its relatively low invasiveness,
the possibility of performing it by the patient’s caregivers
(e.g., massages, kinesiotaping) and the reports on the poten-
tial effectiveness of PSO therapies. Whereas against the use
of PSO techniques are contradictory reports of outcomes,
lack of long-term evaluation of their effectiveness, limited
availability and high cost of treatment.
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Abstract

Fast-tracking in cardiac care refers to the complex intervention including early extubation, care during anesthe-
sia, mobilization and hospital discharge to reduce perioperative morbidity, costs, and length of stay in the inten-
sive care unit and the hospital. This review was designed to evaluate early extubation protocols, the differences
in early and late extubation, the safety and efficacy of early extubation among the patients in surgical intensive
care after coronary artery bypass graft (CABG) surgery. The analyzed studies showed many significant differences
in the mortality and postoperative complications of time-directed extubation practices and low dose-based general
anesthesia in patients with low to moderate risk undergoing early extubation (fast-track) and the conventional
care methods. Different fast-track interventions could diminish extubation time, costs, and the length of hospi-
tal stay. However, several factors including patient’s stay in the intensive therapy ward vs general ward, patient
selection, skills and experience of the staff, and fast-track anesthesia methods could be considered to perform
safe fast-tracking in patients undergoing cardiac surgery. On the other hand, to achieve this safety for high-risk
cardiosurgery patients multidisciplinary coordination is needed.

Keywords: early extubation - valve surgery - coronary artery bypass surgery

Citation

Jannati M. Early extubation protocol post-coronary artery bypass graft & open heart surgery. Eur J Trans| Clin Med.
2022;5(2):75-81.

DOI: 10.31373/ejtcm/153486

Corresponding author:
Mansour Jannati, Associated Professor, Department of Cardiovascular Surgery, Faghihi Hospital, Shiraz University of Medical Sciences, Iran @
e-mail: mansour.jannati@mail.com m

TRANSPARENT OPEN
Available online: www.ejtcm.gumed.edu.pl PROCESS  ACCESS

Copyright ® Medical University of Gdarisk
This is Open Access article distributed under the terms of the Creative Commons Attribution-ShareAlike 4.0 International. BY _SA



www.ejtcm.gumed.edu.pl
https://creativecommons.org/licenses/by-sa/4.0/
https://ejtcm.gumed.edu.pl/articles/153486
https://orcid.org/0000-0002-0908-2247

76 Eur J Transl Clin Med 2022;5(2):75-81

Introduction

Post-operative outcome improvement directly depends
on fundamental alterations in anesthesia and surgery, ex-
tracorporeal perfusion methods and peri-operative care
systems [1-2]. Fast-track cardiac care, also called early extu-
bation, has been first described by Prakash et al. in 1977 [3].
Fast-tracking in cardiac care refers to the complex inter-
vention including early extubation, care during anesthesia,
mobilization and hospital discharge to reduce perioperative
morbidity, costs, and length of stay in the intensive care unit
and the hospital. Efforts have continued to reduce the risk
of respiratory complications due to tracheal intubation, me-
chanical ventilation and other risk factors including age and
several thoracic surgical approaches [1, 4-8] The main goal
of the majority of fast-track protocols was to optimize the
length of patients’ stay (LOS) and to reduce total costs fol-
lowing the coronary artery bypass graft (CABG) surgery, by
emphasizing on early and fast extubation at the surgical in-
tensive care unit (SICU) [9-13].

Based on the Society of Thoracic Surgeons (STS) guide-
lines, a 6-hour time point is considered “early extubation”
and “prolonged intubation” referred to the longer than
24 hours time points [14-17] There is an ongoing interest
in early extubation due to prevent adverse effects associ-
ated with late extubation, as well as any extra costs [18-19]
However, due to the heterogeneity in cardiac surgery pa-
tient populations, previously advocated practices and risk
prediction protocols have not been very successful. There
are some confusing points in terms of the increased compli-
cation rate time in CABG.

The aim of this review is to determine the effect of early
intubation time on post-operative morbidity and mortality
rate in patients undergoing general anesthesia following the
valve and CABG surgery.

Material and methods

In this review study, we evaluated all articles published
from the year 2000 to 2021 related to early extubation pro-
tocols post-coronary artery bypass graft and open-heart sur-
gery. Articles were searched by one researcher in PubMed,
Web of Science, Scopus, Google Scholar, Science Direct and
Cochrane Library using the keywords “early extubation”,

“early extubation protocol”, “coronary artery bypass graft”
and “open heart surgery.”

A total of 296 articles were extracted in the initial
search. After reviewing the abstracts of these articles,
76 articles were selected and their full texts were included
in the analysis.

History of early extubation
following major surgery

Fast-track cardiac care has been applied in most of the
study population (123 of 142 adult patients) after or within
3 h following open-heart surgery [3]. The best candidates
for this approach were the patients who have been given
minimal fluids and had a decrease in the cardiac index and
ventricular filling pressures [20]. They reported immediate
extubation in 5/36 patients and an average time of 6 h for the
remainder of that group. Other researchers presented suc-
cessful extubation 8 hours after surgery [21-22]. In another
article, the best candidates for early extubation were hemo-
dynamically stable, had an alveolar-arterial gradient of < 150
mmHg, good donor liver function and no encephalopathy [23].
In a combined strategy including all levels of care for the early
48 h after liver transplantation, the time to extubation and
LOS at ICU were shorter, without changes in staff and intraop-
erative protocols [24].

Fast-track in cardiac care

Fast-track cardiac care referred to the complex interven-
tion including cardiac anesthesia care and the post-operative
care with a special focus on early extubation after surgery to
diminish hospital LOS and expenses [25-26] In conventional
(not fast-track) care units, high-dose opioid-based anesthe-
sia has been applied in cardiac surgery followed by overnight
mechanical breathing support in ICU after cardiac surgery [25].
However, in the new fast-track care units mechanical breathing
support is applied on the operating table or within hours after
cardiac surgery via the time-directed protocols for breathing sup-
port removal [27]. A Cochrane review updated in 2016 included
28 trials with 4438 participants. Most participants have been
considered to be at low to moderate risk of death after surgery.
No differences in risk of mortality were observed between low-
dose versus high-dose opioid-based general anesthesia groups
(OR 0.53, 95% CI 0.25 to 1.12; 8 trials, 1994 participants, low
level of evidence) within the first year of surgery. There were
also no differences in risk of mortality between a time-directed
extubation protocol versus conventional care (OR 0.80, 95% Cl
0.45 to 1.45; 10 trials, 1802 participants, low level of evidence).
They showed no significant differences in postoperative compli-
cations including myocardial infarction, stroke, and tracheal re-in-
tubation between the mentioned study groups [27]. Application
of low-dose opioid-based general anesthesia and time-direct-
ed extubation procedures using the fast-track method have
major postoperative complications and mortality risk as well
as conventional (not fast-track) method suggesting its safety
for use in low to moderate risk patients [27].

Opinions for and against fast-track anesthesia

Among the advantages of fast-track anesthesia are im-
proved graft blood flow, decreased complications from
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mechanical ventilation, fewer chest radiographs, improved re-
source utilization patient comfort, and cost containment [28].
Disadvantages include the chance of failed extubation and
re-operation. In addition, there is a lack of large prospective
studies regarding the benefits of the fast-track approach [28]
(see Table 1).

Some concerns have been reported regarding the in-
creased rate of re-intubation and the risk for perioperative
adverse effects after early extubation, particularly among
old or high-risk patients [29-32]. The safety of early extuba-
tion after CABG has been shown in a community practice of
6446 CABG patients from 35 hospitals, aged 65 years and
older with shorter hospital stays without any adverse effect
on postoperative outcomes between 1995 to 1998 [33]. In
a retrospective analysis of findings in 1,904 patients under-
going CABG with different intubation times after surgery in-
cluding 0-6, 6-9, 9-12, 12-24, and over 24 hours, there was no
increase in postoperative complications before 12 hours of in-
tubation [34]. It has been reported that prolonged intubation
time can be increased mortality and morbidity rate in CABG
patients [25] [27, 35]. Shorter ICU and hospital LOS were ob-
served in patients who extubated earlier after the operation.

Feasibility of fast-track approach
in cardiac surgery

It has been reported that the fast-track approach could
be feasible in both simple and complex surgical procedures

Table 1. Summary of the pros and cons of the fast-track approaches
Ref. Strategy for extubation

Bansal et al. [36] Early extubation

77

in all age groups [26]. Although early extubation is a funda-
mental part of the fast-track approach, there is no univer-
sal definition of “early” and currently it is referred to as 6-8
hours post-cardiac surgery) [26]. In a study of 197 pediatric
patients the successful extubation rate was 61% in the op-
erating room (OR) [42]. In another study, 67% of children
were extubated in the OR following surgery for congenital
heart disease or within 6 hours of admission to the ICU
without complications [43]. The patient/parent satisfaction,
the feasibility, and safety of the fast-track approach in cardi-
ac surgery have been found in large-scale series of patients
undergoing adult cardiac surgery [44]. In a retrospective
study, the extubation rate of 73% was observed in the OR of
901 patients [45]. The findings of another study showed the
extubation rate of 87% in OR as an ultra-fast track method
in elective congenital cardiac surgery [46]. Mittnacht et al.
showed 79% extubation rate in OR of 224 patients [47].

There is considerable disagreement regarding the clas-
sification of fast-track and ultrafast-track techniques. Sever-
al time points between 1 and 24 hours are considered for
extubation following cardiac surgery [48]. However, careful
patient selection is considered a critical aspect of fast-track-
ing in many patients undergoing cardiac surgery [49-50].
Early or fast extubation could be lessened the length of ICU

Findings

Shorter ICU and hospital stay
without any changes in re-intubation rates

Early extubation

Hiromoto et al. [37] ]
in valve surgery

Patients after early extubation
had shorter ICU and hospital stays

Early extubation
and fast-track
anesthesia

Quiroga et al. [38]

The decrease in the total cost
for hospitalization, shorter duration
of intensive care or avoiding the ICU

Early extubation
and fast-track
anesthesia

Taner et al. [39]

The decrease in total room charges,
reduction in the number of chest radiographs
and arterial blood sampling

Early extubation
Wu et al. [40] in patients with

significant comorbidities

Common reasons for re-intubation after ear-
ly extubation included respiratory insufficiency,
pneumonia and reoperations

Glanemann et al. [41] Early extubation

Increased re-intubation rate among patients
extubated in the ICU versus patients
extubated in the operating room
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and hospital stays [51-52]. However, multidisciplinary and co-
ordinated approaches seem necessary to safely accomplish
fast-tracking. The benefits of fast-tracking in cardiac surgery
have been proven by mostly retrospective analyses compared
to prospective randomized studies [1, 30-31, 38, 48, 51] In
a survey of 10 randomized clinical trials, early extubation com-
pared to late extubation after cardiac surgery and the benefi-
cial effect of fast-tracking as a reduced time of mechanical ven-
tilation, shorter times of ICU and hospital stay, and resource
usage was observed between the studies [53]. Hiromoto et al.
evaluated the benefits and predictive value of early extuba-
tion in valve surgery needing long cardiopulmonary bypass

reversal of muscle paralysis is considered the main aspect
of intervention in some RCTs [49, 58-59]. Bansal et al. showed
that early extubation could be associated with a shorter ICU
and hospital stay with any changes in re-intubation rates [36].
Findings obtained from six clinical trials in a Cochrane Re-
view showed no differences in the re-intubation rate, 30-
day mortality and intensive care mortality in patients who
were extubated within 8 hours after cardiac surgery [60].
Factors such as higher body surface space and extended
ischemic times are considered prognostics of longer extuba-
tion times [61-62]. Other published studies did not display
the relation between early extubation and higher rates of

and reported that early extubation was achieved in 44.3% re-intubation [60, 63].

In conclusion, early extubation after cardiac surgeries

of patients without increasing adverse events. Patients with
early extubation had shorter ICU and hospital stays [37]. EI-
lis et al. demonstrated that after implementing a fast-track
extubation protocol, the number of early extubations after
cardiac surgery was successfully improved and fast-track
extubation did not increase the re-intubation risk and other reduces the length of ICU and hospital stay, reduces the
adverse events [54]. total cost of care as well as the number of blood sampling
To prevent major cardiorespiratory complications, it is and chest radiographs, however, it may increase the risk of
important to shorten the duration of intensive hemody-  re-intubation. No difference in mortality rate was observed
namic monitoring and endotracheal intubation after cardi-  due early extubation after cardiac surgeries.
ac surgery, particularly in some higher-risk patients [55-56].

On the other hand, there is wide heterogeneity in pre-and

intra-operative risk factors of fast-tracking and prolonged Conflicts of interest
mechanical ventilation observed in developing countries [57].
In addition, the application of low-dose anesthesia follow- None.

ing the early cessation method combined with the rapid
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Abstract

The theoretical and philosophical foundations of human well-being are well-described in psychology research.
Within the construct of well-being, psychologists distinguish eudemonic positive affect and hedonic positive
affect, although they are not only nor mutually exclusive approaches. Empirical findings demonstrate a correla-
tion between the general positive affect and favorable health outcomes. Recent discoveries also show a biolo-
gical pattern, which underlines the correlation. Thanks to describing the conserved transcriptional response to
adversity (CTRA) mechanism, a new direction of research is emerging, exploring a relationship between profile
of gene expression in immune cells and positive affect.
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Introduction affect and improved health results are particularly underde-

scribed. In recent studies the evidence is becoming apparent

While the injurious effects of chronic stress on the human that there is a explicit link between positive affect and health
body are well-known and described in the literature [1], the involving reduced psychobiological activation of immune,
question of the impact of positive psychological processes neuroendocrine, autonomic and inflammatory pathways [2].
on health still requires thorough investigation. Physiological Positive affect, defined as experiencing emotional
mechanisms that underlie the correlation between positive states which are positive in valence, can be distinguished
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between hedonic affect and eudaimonic affect. Hedon-
ic positive affect describes experiencing positive feelings
such as happiness, contentment, pleasure with low in-
tensity of negative emotions and high life satisfaction.
Eudaimonic positive affect describes also emotions such
as vitality, curiosity and engagement that accompanies
the movement towards one’s potential, beyond simple
self-gratification [3]. Experiencing eudaimonic/hedonic
positive affect translates into the person’s eudaimonic/he-
donic well-being (respectively). Hedonic versus eudaimon-
ic well-being has been found to be associated with differ-
ing inflammatory gene expression profiles in leukocytes
from healthy individuals [4]. Similar in their affective and
behavioral correlates, hedonia and eudaimonia are seen
to have highly divergent transcriptome profiles, namely,
they differ in up-regulated expression of proinflammatory
genes, down-regulated expression of genes involved in an-
tibody synthesis, and down-regulated expression of genes
mediating type | IFN responses [4].

The aim of this paper is to present research that has
been conducted so far in the field of positive affect and its
link with psychobiological processes in human body. We
provide a closer look into the literature to determine a body
of existing knowledge and reveal interpretable patterns and
trends in a collective field of physiology and psychology.

Materials and methods

To find studies for inclusion in this review, we searched
PubMed and Web of Science. Searches were narrowed
down to human studies both in English and Polish language.
The search was conducted by applying the following terms:

»ou

“conserved transcriptional response to adversity,” “positive
affect,” “eudaimonic well-being,” “hedonic well-being.” Also,
we screened the reference lists of selected publications for

additional sources.

The search retrieved 38 full text articles. After screening,
12 articles were included in the analysis.

The CTRA mechanism

Conserved transcriptional response to adversity
(CTRA) is a physiological pattern, arbitrated by the sym-

pathetic nervous system “fight-or-flight” response. Within

the pattern, upregulated expression of genes involved in
inflammation and downregulated expression of genes in-
volved in Type | interferon responses, is observed [5]. When
a person is exposed to prolong hostile environmental con-
ditions (such as loss, trauma, etc.) central nervous system
is affected. The “fight-or-flight” stress response is activat-
ed from the sympathetic nervous system and it is followed
by releasing a neurotransmitter, which is norepinephrine.
These signals result in the activation of intracellular second
messenger systems which have different effect on numer-
ous transcription control pathways. At the time, the upreg-
ulated transcription of pro-inflammatory genes and down-
regulated transcription of Type | interferon antiviral genes,
is observed [5]. Teleological analyses proposed that the
CTRA’s adaptive implication is that it turns the fundamen-
tal anti-microbial stan of the immune system away from its
baseline condition of counteracting viral infections (also
other intracellular pathogens, which are mediated by Type
| interferons and cellular immune responses) and directs
the system toward a more pro-inflammatory activity that
would give an optimum level of defense against bacterial
infections and tissue damage related to injure wounds [6].
In ancestorial times, when threat experiences were intense
but temporary, activation of such a molecular defense by
the sympathetic nervous system (in response to potential
or perceived threat) guaranteed a mechanism for expecting
changing microbial exposures and taking advantage of an
impact of microbial exposure. Nowadays, when a human
being is under a circumstance of more chronic low-grade
threat, the CRTA pattern, by promoting chronic low-grade
inflammation, seems to be conducive to the development
of inflammation-related diseases (e.g. cardiovascular dis-
ease, neurodegenerative disease, neoplastic disease) [5].
In the studies presented below, when mentioning exam-
ination of the CTRA mechanism, gene expression levels
were assessed in peripheral blood samples, and it is note-
worthy that all analyses were conducted at the UCLA Social
Genomics Core Laboratory which makes the results highly
comparable and reliable (as the same protocols and meth-
ods were use to analyse all of the blood samples).

CTRA and psychological dimensions

Fredrickson et. al [4] focused on the biological implica-
tions (changes in the CTRA gene expression) of hedonic and
eudaimonic well-being in a group of 80 healthy Americans
(35 to 64 years of age) and revealed a correlation between
eudaimonia and decreased expression of the CTRA mech-
anism, the correlation between hedonic well-being and
significant up-regulation of the CTRA mechanism as well as
that CTRA transcriptome profile was not different as a func-
tion of overall well-being (hedonic plus eudaimonic). In this
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research CTRA gene expression was significantly down-regu-
lated in a group of individuals showing a relative dominance
of eudaimonia vs. hedonia, therefore gene regulatory archi-
tecture of the response of individuals’ immune system may
be more sensitive to the eudaimonic well-being vs. hedonic
well-being as a source of human happiness than are con-
scious experiences.

In order to verify whether the findings described above
extended to non-Western cultures, Lee et. all [7] examined
a group of 152 healthy Korean adults. Their outcomes were
consistent with those published by Fredrickson et. al [4]
and showed significant correlation between eudaimonic
well-being and CTRA in the Korean cohort. Furthermore,
they indicated that the correlation between eudaimonia
and CTRA is evident to become higher with age.

A relationship between dispositional optimism (de-
fined as one’s personality trait which inclined them to-
wards positive expectations) and CTRA gene expression
has been examined [8]. In a sample of 114 male Japanese
workers, it was found that individual differences in opti-
mism were inversely associated with CTRA expression.
The results are consistent with the outcomes published by
Kitayama et al. [9], where general eudaimonic well-being
was associated with lower CTRA gene expression while
general hedonic well-being was associated with higher
CTRA gene expression in a group of 106 male workers of
a Japanese IT company.

These results, which describe the link between general
eudaimonia with CTRA, are consistent with one of stud-
ies conducted among highly involved videogame players
(those who present significantly strong engagement with
virtual world) [10]. The researchers have shown that higher
level of a gamer’s eudemonic well-being is linked to less-
er genomic dysregulation in CTRA mechanism and that the
eudaimonia-CTRA correlation is strongest among the most
highly involved players. The authors also performed more
detailed follow-up analyses and investigated the social and
psychological aspects of eudaimonia and their influence on
CTRA mechanism. Consistent with the authors’ hypothesis,
their results showed a stronger association between social
well-being with lessened expression of CTRA than with
psychological well-being and the hedonia did not show
statistical significance with the CTRA. The sample consisted
of 56 avid online videogame players, which is a limitation,
nevertheless it suggests that committed social activity may
help reduce CTRA expression.

A study based on a similar notion, namely that proso-
cial behavior is linked to lifespan [11-12] and that might
be mediated by the pathway which implicates changes in
gene expression, which consequently may affect disease
development (or resistance), examined changes in CTRA
in 159 adults. They were randomly divided into 4 groups

and for 4 weeks, they engaged in either prosocial behav-
ior directed towards specific people, or prosocial behavior
directed towards the world in general or self-focused kind-
ness or a neutral control task [13]. As expected in a ran-
domized study, kindness-to-world, kindness-to-other, kind-
ness-to-self and the control groups showed no difference in
average sex, race/ethnicity, age, current illness symptoms,
nor the initial level of CTRA gene expression. The analyses
showed significant decrease in CTRA gene expression in
the kindness-to-other group over time. The decrease was
not observed in any other group. This study adds to the
body of research that points out the importance of the
social well-being dimension of eudaimonia in the CTRA
gene expression.

Slightly different outcomes were observed in a study
of 18 volunteers (aged 50+), placed in a third-grade kin-
dergarten classroom, where their task was to work with
students on academic skill development (e.g. reading pro-
ficiency and math) for 9 months [14]. Analyses, which were
conducted at the baseline and the 9-month follow-up,
revealed the correlation between measure of individ-
ual decrease in CTRA mechanisms with the measure of
individual increase in eudaimonia over time. It is neces-
sary to point out that the social component of eudaimonia
increased significantly from base level to the 9-month fol-
low-up, while the psychological component demonstrated
no significant change over time, and neither of the com-
ponents correlated significantly with change over time in
CTRA mechanism. Only total of social and psychological
components of eudaimonia was prognostic for CTRA gene
expression changes.

Another study which analyzed the link between eu-
daimonic well-being and CTRA, though from a different
perspective, examined the strength of CTRA in relation to
loneliness [15]. In this study loneliness, defined as social
isolation, was a risk factor, while eudaimonic well-being
was a resilience factor. Data was collected from 108 com-
munity-dwelling older adults (mean age 73), and contain
blood samples and an assessment of loneliness and eu-
daimonic well-being via psychological scales. In separate
analysis, the results showed up-regulation of CTRA gene
expression in association with loneliness and down-reg-
ulation in association with eudaimonia. In joint analyses,
loneliness’ effect was fully abrogated while eudaimonia
continued to be associated with CTRA down-regulation.
The results were independent of behavioral and demo-
graphic health-related risk factors. Reviewing outcomes
and conclusions of the studies, a question about the di-
rection of the association appears. Nevertheless, a person
with lower CTRA might be psychosomatically healthy in
ways that enhance their social relations, hence also their
eudaimonic well-being.
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CTRA, affect and health implications

The CTRA pattern also has been found to be associat-
ed with adverse hematopoietic stem-cell transplantation
(HCT) clinical outcomes. A group of 78 HCT recipients who
differed with socioeconomic status (SES) were compared
in terms of pretransplant leukocyte CTRA gene expression.
Data compiled from peripheral blood mononuclear cells
collected pre-HCT from low SES patients showed significant
CTRA upregulation compared with paired HCT individuals of
high SES [16]. According to the literature, individuals with
low SES have higher likelihood of being depressed [17] and
it is necessary to consider that in depression the positive
affect is significantly reduced [18].

Chronic adversity and distress triggers cancer initiation,
progression and cancer metastasis, also plays an unfavor-
able role for anti-tumor immune function and therapy re-
sponse [19]. Due to that, relationships between cognitive
behavioral stress management (CBSM), disease-free sur-
vival (DFS), and CTRA have been investigated among breast
cancer patients. CBSM is an empirically-validated group-
based psychosocial intervention which assures greater DFS
vs. a control condition. It builds an individual’s emotion-
al skills (e.g. positive coping skills, a high sense of coping
self-efficacy), which works in favor of positive affect. The
research revealed that patients (n = 28) randomized to the
CBSM group (10-weeks program) showed lesser change in
CTRA gene expression, while patients randomized to the
control group (n = 23) showed increased CTRA expression
in 6-12-month period. What is more, greater 6-12 month
CTRA increases were associated with shorter DFS over 8-15
years of follow-up [20].

Another study of breast cancer survivors confirms that
eudaimonic positive affect may be a significant mechanism
in interventions intended to enhance health in vulnerable
groups. A group of 22 women completed self-report surveys
and provided blood samples before and after a 6-week mind-
fulness meditation practice [21]. This study demonstrated
that increases in eudaimonic positive affect were correlated
with a rise in the inversely weighted CTRA subcomponent
connected to antiviral response. Interestingly, changes in
eudaimonic positive affect were not significantly associated
with changes in the pro-inflammatory CTRA subcomponent.
Also, the study indicated no significant association between
hedonic positive affect, nor depressive syndromes with
overall CTRA gene expression. Nevertheless, there are find-
ings of Antoni et al. [22] which suggest that negative affect
is related to the pro-inflammatory, but not the antiviral com-
ponent of the CTRA among breast cancer survivors.

It is necessary to bear in mind that hedonia and eu-
daimonia are not reciprocally exclusive approaches to hap-
piness. Both, eudaimonic well-being and hedonic well-being,

85

have common origins (e.g. recognized social connections) [23]
and can have an effect on each other [23], i.e., positive affect
inclines people to find positive meaning [24-25] and finding
positive meaning causes a growth of positive affect [26].

CTRA is a significant framework for an understanding of
psychoneuroimmunology relationships. It links a micro-level
biology of illness and health with a macro-level of psycho-
social processes. A possible neuroimmunological mecha-
nism involved in the interactions of immune function and
social behavior is a dopamine signaling, as it plays an im-
portant role in behavioral and brain development [27].

There is a growing body of literature examining the
link between well-being and CTRA gene expression. How-
ever, it is necessary to acknowledge limitations of the
presented studies, which include small sample size, lack
of control group in some studies, short duration of the
studies and lack of extended follow-ups. It is necessary to
conduct further research of the CTRA components and its
psychological correlates in order to accurately understand
the pathway between positive affect/well-being and the
CTRA mechanism. The understanding of the association
could be especially beneficial for clinical groups includ-
ing patients with inflammation related diseases, as CTRA
gene expression is indicative of greater expression of
proinflammatory genes and hence greater inflammation
process. Further research conducted in that field could be
a promising support in the treatment process. At pres-
ent, it is necessary to be careful in interpreting the link
between CTRA expression and clinical health outcomes,
as the majority of studies contain no measures of clinical
health outcomes at all. Questions about other potential
variables mediated in the process still need to be inves-
tigated, as for the time being, drawing more general con-
clusion is limited. Heretofore, we can conclude that there
is no biological toxicity in experiencing overall well-being,
and the various routes of experiencing positive affect/
well-being have distinct biological correlates.
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Introduction: This review aims to present briefly the new horizon opened to pharmacology by the deep learning
(DL) technology, but also to underline the most important threats and limitations of this method. Material and
Methods: We searched multiple databases for articles published before May 2021 according to the preferred
reported item related to deep learning and drug research. Out of the 267 articles retrieved, we included 49 in
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deep learning methods in drug research and development as well as in improving the safety of pharmacothera-
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DL is a promising and powerful tool for comprehensive analysis of big data related to all fields of pharmacology,
however it has to be used carefully.
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Figure 1. Summary graph

Introduction

Despite a widely accepted opinion that artificial intelli-
gence (Al) era started with Alan Turing’s publication of “Com-
puting Machinery and Intelligence” in 1950 [1], discussion
about that kind of human vision described with mathemat-
ical symbols appeared for the first time in the XVII century
with works by Leibniz, Hobbes and Descartes. However, the
practical implementation of Al into daily life is fairly new, as it
began in the 1990s [2]. There are several popular terms used
to describe Al-related new technologies entering recently
in almost all spheres of sciences and everyday life: artificial
intelligence, machine learning (ML) and deep learning (DL)
[3-4]. Of the three, Al is the broadest concept, encompassing
both ML and DL. The basic characteristic of all of these new
technologies is big data management, which allows to find
out specific correlation patterns, invisible for simple algo-
rithms, and statistical evaluation with limited data. ML uses
algorithmic models, which treat the data as an unknown and
find generalizable predictive patterns, while statistical mod-
eling assumes that the data is generated by a given random

drug design and
development

omics analysis

better pattern recognition and new
possibilities in data mining [7-9]. Spe-
cifically, the aim of DL is to determine
a mathematical function f that maps
a number of inputs (x) to their corre-
sponding outputs (y), e.g. y = fix). In
other words, standard network archi-
tecture of neural networks contains
an input layer, several hidden layers
in between and an output layer. A set
of training data, often called “batch”
is fed forward through the network’s
layers and the output layer computes
the loss function as the difference be-
tween the calculated prediction and
the correct response. After that, loss
error of the next operation is reduced
and a backpropagation algorithm ad-
justs filter banks and learns the value
of the parameter resulting in the best
function approximation [9]. Recurrent
neural networks, derived from feedfor-
ward networks, do not use limited size
of context, which allows information
to cycle as long as needed. This makes
them useful in sequential data predic-
tion such as language modelling [10].
Another network type is the convolutional neural network
(CNN), which is widely used in systems that deal with image
classification and computer vision in general. CNNs are com-
posed of multiple types of hidden layers: convolutional layers,
pooling layers and fully-connected layers. Like in the other net-
work types, the input layer contains the input data, i.e. the pix-
el values of the image. The convolutional layer calculates the
scalar product between the weights and the region connected
to the input volume. The rectified linear unit (ReLU) applies an
“elementwise” activation function such as sigmoid to previous
layer’s activation output. The pooling layer performs downs-
ampling along input’s spatial dimensionality, reducing the num-
ber of parameters within activation. The fully-connected layers
will then attempt to produce scores for classification from the
activations. This is only the base architecture model —as CNNs
often deal with very complex image data, optimisations are
often necessary [11]. Some new deep learning approaches in-
corporate fusion strategies into the deep learning architecture
itself, creating fuzzy hidden layers. These layers are able to con-
dense hundreds of inputs into a more manageable set. Fusion
can offer major reduction in model complexity [12].
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As Schmidhuber et al. suggested, the primary deficiency of
most traditional ML methods as compared to DL methods, is
that they have a limited ability to simulate a complicated ap-
proximation function and generalize to an unseen instance [9].
Usually, ML is used for supervised analysis and DL for more
complex, unsupervised ones. Matter of fact, DL methods can
be used both in supervised applications- for accurate predic-
tion of one or more labels or outcomes associated with each
data point (instead of a simple regression approaches), as well
as in unsupervised (or ‘exploratory’) applications, where the
goal is to summarize, explain or identify appropriate patterns
in a dataset as a form of clustering. Moreover, DL methods
may combine both of these approaches and propose feature
oriented one, as a highly precise predictor [13].

ML and DL are widely used in daily life, e.g. to improve
street traffic safety, in marketing research and, what is seen
as a very controversial issue, to determine the voters’ pref-
erences [14]. Medicine as a science and clinical discipline is
not an exception. DL method is a very promising tool in the
diagnostic procedures (e.g. in pathomorphology and X-ray
imaging) and results interpretation, but needs further re-
search. For instance, Wang et al. analysed stained slides of
lymph node slices to identify cancers, and found out that
a pathologist had an error rate of about 3%, while the applied
algorithm had about 6%. The pathologist did not produce any
false positives but did have a number of false negatives. The
algorithm had about twice the error rate of a pathologist, but
the errors were not strongly correlated [14]. Academic insti-
tutions and start-ups alike are rapidly developing prototype
technologies using the data of healthcare providers, individu-
als, and healthcare organizations’, however the ethical impli-
cations, vulnerabilities and potential for misuse of such tools
are still not taken seriously [15].

The value of algorithms proposed by DL methods is direct-
ly dependent on the quality and quantity of the entry data. It
seems that a DL analytical platform which has got thousands
of microscopic samples or X-ray images of lung changes during
pneumonia or kidney cancer will unmistakably recognize the
next one. However, recent controversies with face recognition
technology (accurate only for faces of white men, whereas 20-
30% recognition of Asian women'’s faces) raise new questions
about practical usage of image recognition technologies [16].
Currently, these new technologies are present in almost all ar-
eas of medicine, including pharmacology. This review aims to
present briefly the new horizon opened to pharmacology by
the deep learning (DL) technology, but also to underline the
most important threats and limitations of this method.

Material and methods

The PubMed, EMBASE and Cochrane Library were
searched for articles published before May 2021 according
to the preferred reported item related to deep learning and

drug research. The following keywords were applied: artifi-
cial intelligence, deep learning, machine learning and drug
research, research and development. Articles were included
in the analysis based on their quality and journal rank.

Out of the 267 articles retrieved, we included 49 in the
final review. No statistical analysis was performed.

DL in pharmacology

There are many different aspects of possible use of DL
as a tool able to create predictive models and recognize
complex patterns in big data sets in drug research and de-
velopment. A serious challenge for DL technology is how
to manage the huge amounts of data obtained by omics
technologies (e.g. metabolomics, genomics, proteomics,
glycomics) in order to support and improve personal ap-
proach of pharmacotherapy. In this context, an up to date DL
method is successfully used in sequence analysis, genome
wide association studies, transcriptomics, epigenomics, pro-
teomics and metabolomics. It seems that the convolutional
neural network (CNN) DL model is the most suitable for om-
ics analysis as a tool with a transfer learning strategy (trans-
ferring prior knowledge from a source domain into a target
domain) dealing with relatively small data sets. Using this, it
is possible to detect single nucleotide polymorphism (SNP)
to predict the relation between genetic variants and gene
expression, as well as to predict regulatory motifs in the ge-
nome and promoter sequences in the gene [17-22].

Pharmacology as a multidisciplinary science is prac-
tically involved in every clinical discipline of medicine (e.g.
in surgery via the use of analgesics, anesthetics and anti-
biotics), hence special attention should be paid to it. Drug
discovery and development is a complex process involving
many different techniques. Traditional ML methods have al-
ready been widely used by pharmacologists in quantitative
structure-activity relation (QSAR) models (Fig. 2). However,
DL algorithms in drug design and development are slowly
becoming dominant due to improved feasibility of compu-
tational management of the enormous amounts of chemical
data involved [23-28].

Generally, there are three types of DL networks used in
drug discovery: CNN, RNN and DNN. So far, many DL models
for preclinical research have been reported. They predict the
drug-target interaction of novel drug molecules (drug de-
sign) with theirs absorption, distribution, metabolism, excre-
tion, and toxicity (ADMET) [29]. Interesting DL models have
been developed for drug discovery requiring 3D structure
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for both ligand and target, known as AtomNet [30]. Thanks
to them it is possible to predict binding affinity for a selective
active compound. The next step of using DL models in drug
discovery process was modelling of drug mechanism of action
(MOA) using genetic profile activity relationship (GPAR) [31].
In order to generate more reliable MOA hypothesis, one can
use GPAR to customize its training set to train MOA predic-
tion models and to evaluate the model performances. An
interesting example of using DL for prediction of the new
drug molecules to be further tested in industrial environ-
ment was published by Sturm et al [32]. They found that
evaluation of ExCAPE-DB, one of the largest open-source
benchmark target prediction datasets, allows to evaluate
target prediction models trained on public data and predict
industrial QSAR, therefore it is usable in industrial drug dis-
covery projects.

A major challenge is an attempt to use Al and DL in order
to improve the safety of pharmacotherapy. A part from pos-
ing serious health hazards and generating enormous financial
costs, dverse drug reactions (ADRs) are preventable. There
is a hope that DL can help in much better and effective
prediction and significant reduction of ADR [33]. Finally,
optimal medication dosing can be also predicted by using
appropriate, publicly available big data and deep reinforce-
ment learning approach [34]. Prediction of optimal and safe
treatment of patients is a completely new field for DL appli-
cation. Nevertheless, new methods to recommend patient
treatment and predict its outcome as well as to identify drug
targets and predict drug response and interactions are being
developed [35-37]. Another prospective in development of
DL in pharmacology is personalization of pharmacotherapy.
For instance, the genetic expression profile-based screening
of appropriate therapeutics for cancer treatment sis already
in development (OncoFinder algorithm) [38].

False interpretation of obtained data and misunder-
standing of DL technology are the real and serious threats
of using of DL as an advisor for personalizing of pharma-
cotherapy in context of type of drug and optimal dosing.
Some of the most important pros and cons of DL are sum-
marized in Table 1. Moreover, in basic biological research,
measures of uncertainty help researchers distinguish be-
tween true regularities in the data and patterns that are
false or uncertain. Two main types of uncertainties used in
calculations are epistemic and aleatoric uncertainties [18].
Epistemic uncertainty is a measure of uncertainty concern-
ing the model, including its structure and parameters. It is
caused by the lack of sufficient training data, so that it can
be reduced with better access to more data with better
quality. In contrast, aleatoric uncertainty is a description
of uncertainty of observations, due to the noise or missing
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parts in data. It diminishes with improvements in the mea-
surement precision of the data [39].

Progress in decision making using deep learning is of-
ten set back by the fact that predicting results of a set of
circumstances is much simpler than that based on a desir-
able outcome. There still remain many problems such as
low interpretability of models and dealing with limited and
mixed data in dynamic settings. Interpretability problems
are particularly important as decision making in medicine is
understandably averse to risk, and with low interpretability
it is difficult to reason about the model and build trust in
its correctness. While ML models also present some dan-
gerous vulnerabilities, like misclassification of adversarial
examples [40-41], there are constant improvements in this
area [42-44]. Cooperation between human experts and DL-
-based systems seems to offer the best results for alleviating
many problems [45-48]. Obviously, ethical issues are also
extremely important in this context and can seriously re-
strict the use and publishing of very sensitive health relat-
ed data [49].
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Table 1. Pros and cons of machine and deep learning uses in medicine, according to Papernot et al. [15]

Pros Cons
e wide application area and potential e misdiagnosis by DL based on the tests by the
e better performance as compared to traditional physician (for suspected diagnosis)
methods o difficulty of assigning a level of confidence to
e results and outcomes of DL analysis are new, each prediction
previously unidentified ¢ limitations in some domains e.g. medical imaging,
e DL can reveal novel classes of treatable conditions e user-friendly tools must be developed for deep
e DL predictions can be evaluated by medical experts learning to become commonplace
e Possible to process large amount of data e underdetermined, or ill-conditioned, problems are
(as in many previously untestable hypotheses) still a challenge for deep neural networks
¢ higher degree of accuracy without human-biased that require many training examples
extraction strategies e it is often unclear whether simulations can produce
¢ ability of DL to evaluate a huge amount of omic sufficiently realistic data to produce reliable models
data that can be obtained from each cell, e it is much easier to predict an outcome than to
e in some situations missing data can be substituted suggest an action to change the outcome
with simulated data e 'bias-variance’ tradeoff
e deep learning models may have uniquely e advancing deep learning takes a lot of computing
advantageous generalization properties power accruing from neural network training
e excellent perspective for further development e issues involving legality and privacy resulting from
with improvements in hardware and new using and sharing data
theoretical approaches e deep neural networks often make mistakes that
are unlikely for humans to make

This work was supported by the Faculty of Medicine of None.
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