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PREDICTORS OF LOW FUNCTIONAL RESERVES IN REHABILITATION
OF PATIENTS WITH MYOCARDIAL INFARCTION COMPLICATED
BY COMORBID PATHOLOGY

*L. V. Levytska, V. V. Yurkiv, M. M. Korda
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Myocardial infarction (MI) is one of the leading causes of death in working age population;
the risk of cardiovascular complications for survivors of acute MI complicated by comorbid pathology (CP) is very
high.

Objective. The study is aimed to search for reliable prognostic markers for risk of reducing the functional
reserves of the cardiovascular system in myocardial infarction with comorbid pathology.

Methods. The prospective study involved 371 patients with MI, who received non-invasive therapy and were
observed for a 90-day period after admission to the hospital. All patients were examined and treated according
to current protocols.

Results. It was found that 6-minute walk test (6MWT) is a specific and highly sensitive prognostic marker of
functional reserves for patients with MI with CP (specificity - 100%, sensitivity - 63%, prognostic value of a positive
result - 100%) with the Charlson comorbidity index (CCI) >2. The correlation of 6MWT performed on the 10", 30%
and 90 day of rehabilitation was revealed with the age of patients, SpO,, respiratory rate, systolic blood pressure,
heart rate, left ventricular ejection fraction, levels of troponin T, creatinine, the number of lymphocytes in the
peripheral blood, CCI (p<0.05).

Conclusions. During the 90-day rehabilitation period of a patient with MI complicated by CP, the markers
of reduced exercise tolerance to be monitored are: blood pressure levels, respiratory rate, troponin T, creatinine,
cholesterol, low-density lipoprotein, SpO,, the number of lymphocytes in the peripheral blood. To improve control

over the process of rehabilitation in patients with MI complicated by CP the 6MWT and CCI should be used.
KEYWORDS: myocardial infarction; comorbid pathology, Charlson comorbidity index, 6-minute

walk test, predictors of functional reserves.

Introduction

Myocardial infarction (MI) is the main cause
of cardiovascular mortality in the human
population [1, 2]. To date, there is no single
strategy for the use of clinical, laboratory,
imaging parameters to predict risks in the
treatment and rehabilitation of patients with
MI. The task of risk prevention in patients with
MI with comorbid pathology (CP) is particularly
difficult [3, 4]. The objectives of this study were
to identify and evaluate the predictors of severe
MI with CP in the stages of rehabilitation.

Methods

The prospective study involved 371 patients
with MI, who received non-invasive therapy and
were observed for a 90-day period from ad-

*Corresponding author: Larysa Levytska, Professor, I. Hor-
bachevsky Ternopil National Medical University, Ternopil,
46002, Ukraine.

E-mail: levytskal@tdmu.edu.ua

mission to the hospital in 2014-2019. All patients
were examined and treated according to the
current protocols. Clinical, laboratory and in-
strumental examinations were performed on
the 1, 10, 30t and 90* days. Cardiovascular
functional reserves were determined by the
degree of heart failure (Killip and NYHA), echo-
cardiography and 6-minute walk test (6MWT)
on the 10t 30™ and 90t days of MI. Risk
assessment was performed according to the
GRACE scale and the AACPR cardiovascular risk
scale. The Charlson Comorbidity Index (CCI)
was used to estimate the degree of comorbidity
[5, 6, 7]. Statistical analysis was performed using
software products MSExcel 2000, EViews 5.1.
and SPSS.

Results

There were 67.4% of men and 32.6% of
women aged (66.2+10.4) years involved in the
study. Comorbid pathology was detected in
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93.8 % of the patients: arterial hypertension -in
84.9%; diabetes mellitus - in 25.1%; vascular
pathology - in 35.6%. Analysis of exercise
tolerance and rehabilitation potential in the
study cohort showed that inpatients had pre-
dominantly high heart failure and reduced
cardiacreserves. Thus, the six-minute walk test
performed in patients on the 10™ day after
admission was (76.1+£35.2) m; on the 30" and
90t days - (133.8+49.6) m and (207.6+74.1) m,
respectively. Their NYHA functional class was
high (2.9+0.7), and the risk on the GRACE scale
and the AACPR risk scale was high and very high
(2.9+0.3) and (2.7+0.6), respectively. Rehabi-
litation and hemodynamic potentials, reflected
by the functional class according to the re-
habilitation classification and parameters of left
ventricular systolic function, also indicated a
significant depletion of functional reserves of
the cardiovascular system. Thus, the functional
class according to echocardioscopy was
(2.9£0.8) points, and the class according to the
rehabilitation classification was (3.3+0.7).

The possible correlations between the
degrees of cardiovascular risk according to the
GRACE, AACPR scales, functional classes accor-
ding to the rehabilitation classification, func-
tional classes of heart failure (Killip, NYHA) and
the presence and severity of comorbid
pathology were assessed. High reliability
(p<0.0001) relationships were found between
the presence of CP and the categorical indicators
of functional class of heart failure according to
Killip, NYHA and the degree of risk according
to AACPR (Table 1).

The proportion of patients at maximum risk
for GRACE was significantly higher in patients
with MI with CP than in those without CP
(Z-test =-4.399; p<0.0001). Risk levels for GRACE
in patients with MI with CP directly correlated
with age (r=0.267; p<0.0001), respiratory rate
(r=0.248; p=0.001), glucose levels (r=0,2;
p=0.007) and CCI (r=0.275; p<0.0001). High

specificity (92.5%) and sensitivity (87.1%) of the
GRACE calculator and the AACPR risk scale
(94.2% and 71.0%, respectively) with a high
prognostic value of a positive result (97% for
both risk scales) and CCI =2 was determined.
The obtained data allow using the GRACE
calculator and the AACPR risk scale to predict
early risks and possible negative consequences
of the standard rehabilitation program at the
hospital stage, as well as stratification of co-
morbid patientsintoindividualized rehabilitation
programs in the acute phase of rehabilitation.

The correlation of high reliability of CCI with
risk levels according to GRACE (r=0.542 accor-
ding to the association coefficient), functional
class according to NYHA and 6MWT on the 10%,
30t and 90t days of rehabilitation was revealed;
(Femwr10=-0-318; Toywr30=-0.397; Feywreo=-0.425)
(p<0.0001).

It was established that the six-minute walk
testis a specific and highly sensitive prognostic
marker of functional reserves for patients with
MI and CP (specificity - 100%, sensitivity - 63 %,
prognostic value of a positive result - 100%),
CCI>2. The correlation of 6MWT performed on
the 10, 30" and 90* days of rehabilitation
(BMWT,,, 6MWT,, and 6MWT,;) was revealed
regarding the age of patients (rguwro=-0.199;
Femwt30=-0.287; reuwreo=-0.410 respectively;
p<0.05), SpO, (reuwri0=0.399; reuwr0=0.265;
Femwroo=0.248; p<0.05), respiratory rate
(Femwr10=-0-318; Fewrz0=-0.357; Fepwreo=-0.298;
p<0.0001), systolic blood pressure (rguwro=0.179;
Femwoo=0.205; p<0.05), heart rate (rgr3=-0.259;
Femwroo=-0.179; p<0.05), left ventricular ejection
fraction (reuwro=0.706; reuwrso=0.706; 0.670;
Femwroo=0.583; p<0.0001), levels of troponin T
(remwr10=-0.210; rgyunrs0=-0.312; p<0.05), creatinine
(remwr10=-0.148; p<0.05), lymphocyte count in
peripheral blood (rguwr0=-0.303; rguwrso=-0.278;
Femwroo=-0.294; p<0.0001), CCI (reywrio=-0.323;
Femwr30="0.398; Femwr30=-0.398; reuwreo=-0.427;
p<0.0001).

Table 1. Dependence of functional categorical indicators in patients with myocardial
infarction on the presence of comorbid pathology

R
Z . . Risk degree FC according
O Index Fcfoc;?lll’idmg Fctzclsl?(mng according to rehabilitation
A P to AACPR classification
E Pearson’s coefficient 0.258 0.237 0.370 0.286
of mutual conjugation
é Chuprov coefficient 0.189 0.206 0.334 0.251
=z of mutual conjugation
ﬁ Cramer’s coefficient 0.267 0.244 0.398 0.299
— of mutual conjugation
Z | |x(p-value) <0.0001 <0.0001 <0.0001 <0.0001
6 | L.V.Levytska et al. ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1




According to the results obtained, most of
these dependence factors are repeated at all
three stages of rehabilitation; therefore, their
significantimpact on exercise tolerance during
the 90-day period of the cardiorehabilitation
program is obvious. In general, the patients
with MIwith CP and high age indices, RR, heart
rate, creatinine, troponin T and Charlsson
comorbidity index, as well as low SBP in the
acute period of MI, SpO, and LVEF have
significantly lower tolerance to physical activity
at all stages of rehabilitation. Therefore, the
above parameters can be considered to be the
main functional clinical, hemodynamic and
laboratory markers of reduced tolerance to
exercise; they should be used to monitor the
response to increased physical activity and
predict the tolerability of rehabilitation
measures in patients with MI associated with
comorbid pathology.

Discussion

Profound disturbances of functional reser-
ves in this category of patients were associated
with late treatment (20.34+15.11 hours), and,
accordingly, the lack of timely revascularization
of the infarct-related artery. The age category
of patients (mean age (66.16+10.41) years) and
the presence of comorbid pathology in most
patients (93.8%) were also significant. This
profile of infarct patients, which is characterized
by late treatment, and, consequently, the loss
of timely revascularization of infarct-related
artery, the presence of comorbid pathology and
old age of patients, is still common in Ukraine
and requires special approaches unprescribed
in the current protocols of rehabilitation. Most
studies [8-13] confirm the significant negative
impact of comorbid pathology on the functional
state and reserve capacity of the cardiovascular
system in patients with MIwith a high efficiency
of adequate rehabilitation programs.

The study confirms the possibility of using
the Charlson index to quantify the degree of
comorbidity in patients with MI and various
comorbid pathologies and predict their reaction

of Charlson comorbidity and the six-minute
walk test in the stages of rehabilitation was
analyzed [14, 15]. It was established that
6MWT,,, 6MWT,, and 6MWT,, which reflect
exercise tolerance, in the acute (inpatient) and
subacute (early and late outpatient) phases of
rehabilitation process in the patients with a
higher degree of comorbidity were significantly
lower (p<0.0001), reuwr0=-0.318; rguwrso=-0.397;
Femwroo=-0.425, respectively.

Analysis of the specificity and sensitivity of
the six-minute walk test on the 10" day of
rehabilitation of postinfarction patients with
the parameters of the Charlson comorbidity
index >2 showed high specificity and prognostic
value of a positive result of this marker for
comorbid patients (Table 2, Fig. 1). According
to the results of the ROC analysis, it was
established that the best quality of the model
for 6MWT,, (AUC=0.75, 95% CI (0.672-0.828)
provides a threshold value (distribution point)
<83.5 m with the specificity of 100%, sensitivity -
63%, and the prognostic value of a positive
result - 100%.

The corresponding values for 6MWT per-
formed on the 30" and 90 days after the
beginning of MI were also with the maximum
specificity (100%) and prognostic value of a
positive result (100 %) for 6MWT,, values in the
range from 147 to 166.5 m (95% CI(0.766-0.904),
p=0.005; area under the ROC curve 0.835) and
6MWT,, in the range of 199.5-227.5 m (95% CI
(0.741-0.933), p=0.005; area under ROC curve
0.837). Thus, the analysis of the specificity and
sensitivity of the six-minute walk test on the
10, 30" and 90" days of rehabilitation of
postinfarction patients with CCI values >2
showed maximum specificity (100%) and
prognostic value of a positive result (100 %) of
this marker in comorbid patients. Accordingly,
the 6MWT targets by the end of the first decade
of the rehabilitation period in patients with MI
with the Charlsson comorbidity index >2 were
in the range of 83.5-98 m, by the end of the first
month of rehabilitation - 147.0-166.5 m and by
the end of the first trimester after the index

to exercise tolerance in the rehabilitation date - 199.5-227.5 m. The results suggest that Lé
stages. So, the interdependence of the degree the Charlson comorbidity index and the six- O
—

A

Table 2. Matrix for sensitivity and specificity of 6MWT,, at CCI values 22 E

6MWT,, value Sensitivity Specificity Prognostic value of a positive result =
83.5 0.63 1 1 <

98.0 0.80 0.33 0.97 E

100.5 0.81 0.33 0.97 E

Note. 95% CI (0.672-0.828), p=0.038. E
ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1 L. V. Levytskaetal. | 7



INTERNAL MEDICINE

ROC Curve

Sensitivity

0,0 I I

0,0 0,2 0,4

T T
0,6 0,8 1,0

1 - Specificity

Diagonal segments are produced hy ties.

Fig. 1. ROC-curve of sensitivity and specificity of 6MWT,, at values of CI >2 (area under the curve 0.75,

standard error 0.040; p=0.038).

minute walk test are highly specific and sen-
sitive prognostic markers of exercise tolerance
in patients with MIwith comorbid pathology at
all stages of rehabilitation.

Conclusions

During the 90-day rehabilitation period of
a patient with miocardial infarction and CP, the
markers of reduced exercise tolerance to be
monitored are blood pressure levels, heart rate,
respiratory rate, SpO,, troponin T, creatinine,
the number of lymphocytes in the peripheral
blood. The basic test for monitoring functional
reserves in patients with MI and CP during the
90-day period is 6MWT. To improve control over

the process of rehabilitation in patients with MI
and CP, the Charlson comorbidity Index should
be used in addition to GRACE and AACPR
cardiovascular risk scales.
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INPEJUKTOPH HU3bKNX ®YVHKIIIOHATIBHUX PE3EPBIB V XBOPUX
HA TH®APKT MIOKAPJA, VCKIIAZJHEHNHN KOMOPBIZJHOIO ITATOJIOTIEIO

. . . *J1. B. JleBMubKa, B. B. FOpkiB, M. M. Koppa
TEPHOI/IbCbKUM HAUIOHAJIbBHNN MEANYHNN YHIBEPCUTET IMEHI 1. . TOPBAYEBCHKOIO MO3 YKPAIHY,
TEPHOIL/1b, YKPAIHA

Bctyn. IHpapkm miokapda (IM) € 00Hi€r0 3 20/108HUX NPUYUH CMEPMHOCMI y npaye30amHoMy 8iyi, a pu3uk
cepyeso-cyOUHHUX yCKAAOHeHb 018 MuX, Xmo suxcusae 8 20cmpuli nepiod IM 3 koMopbidHoro namonozieto (KTT),
€ JyHKe BUCOKUM.

MeTa. lTowyk HAOIlIHUX NPO2HOCMUYHUX MapKepie pu3uKy 3HUXCEHHSA QYHKYiOHANbHUX pe3epsig cepyeso-
CyOUHHOI cucmemu npu iHpapkmi miokapda 3 KOMOpPbIOHOK namosozieto.

MeToawn. ¥ npochekmugHe d0cnidxeHHIi 6yno ekaro4eHo 371 xgopo20 HaA iHYapkm miokapda, AKi
ompumysanu HeiH8a3uBHe NiKy8aHHsA ma cnocmepieanucs npomszom 90 OHig 3 MOMeHMY HAOX00X#eHHs 00
cmayioHapy. Yci nayieHmu 6ynu o6cmedxceHi ma nposikosaHi 32i0H0 3 0il04UMU NPOMOKOAAMU.

PesynbTaTn. BcmaHos/eHo, ujo mecm wiecmuxeuauHHoi xo0b6bu (TLLIX) € cneyugiyHUM i BUCOKOYYMAUBUM
npo2HOCMUYHUM MApKepoM QYHKYiIOHANbHUX pe3epesig y xgopux Ha IM 3 KIT (cneyugiyHicme - 100%, yymau-
gicme - 63%, Npo2HOCMUYHe 3Ha4YeHHS No3umueHo2o pesynsmamy - 100% ) 3 IKY 22. BuseneHo kopeasyiro
TLLX, nposedeHozo Ha 10, 30 i 90 deHb peabinimayii, 3 8ikom nayieHmis, Yacmomoto OuxaHHA (Y4), SpO,,
CUCMONIYHUM apmepiansHUM MUCKOM, YaCmomor cepyesux ckopoyeHs (YCC), ¢ppakyieto sukudy n1igo2o
wiyHoYKa (OB), pigHAMU MPONOHiIHY T, KpeamuHiHy, KinbKicmto niMpoyumu e nepugepuyHili Kposi ma iHOekcom
Komop6ioHocmi YapaecoH IKY (p<0,05).

BucHoBKW. [Ipomsazom 90-0eHHO20 nepiody peabinimayii xeopux Ha iHPapkm mMiokapoa 3 KoOMOp6iOHOH
namosio2iero MapKepamu 3HUXCeHOI MosepaHmMHocmi 00 Qi3u4HUX HOBAHMAXCEeHb, AKI nompebyroms
MOHIMOPUH2Y, € pisHi apmepianeHo20 mucky, YCC, Y4, SpO,, mponoHiHy T, KpeamuHiHy, KinbKicme nimpoyumis
8 nepugepuyHili Kposi. 1 NoKpawjeHHs KOHMPOKo 3a npoyecom peabinimayii y xeopux Ha IM 3 Kl doyineHo

sukopucmosysamu TLLIX ma IKY.

KJ/TKOUOBI C/IOBA: iHpapKT Miokapaa; Komop6iaHa naTonoris, iHaeKc Komop6iaHocTi HapnbCcoH,
TeCT 6-XBUJIMHHOI X0A4b6U, NnpeanKTopU PyHKLIiOHaNIbLHNX pe3epBiB.
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GENDER DIFFERENCES IN THE INFLUENCE OF COMORBID CONDITIONS
ON THE LONG-TERM OUTCOMES OF PATIENTS WITH ACUTE CORONARY
SYNDROME

*T. V. Lunova, I. M. Klishch
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Gender differences in the baseline characteristics of patients with the acute coronary syndrome
(ACS) have been widely acknowledged. Women are known to be generally older with a higher prevalence of
comorbidities.

Objectives. Gender differences in the baseline characteristics of patients with the acute coronary syndrome
(ACS) have been widely acknowledged. Women are known to be generally older with a higher prevalence of
comorbidities. At the same time, it is now yet clear which comorbid conditions have the most significant impact
on the long-term outcomes of patients with ACS and if there are any gender differences in this respect.

Methods. We performed a retrospective cohort study of 167 patients (109 men and 58 women) admitted to
the acute coronary unit of Ternopil Municipal Hospital with ACS in 2016-2017. All relevant clinical information
has been recorded in the pre-designed data charts. The incidence of repeated major adverse cardiovascular
events (MACEs) has been assessed over 36 months after the hospital discharge via an e-Health electronic system.

Results. In this cohort, female patients with ACS had a higher prevalence of comorbid conditions: 15.5% of
women vs. 11% of men with ACS had =5 comorbidities, 65.5% of women and 60% of men had 2-4 comorbid
conditions, and 19% of women vs. 29% <1 concomitant disease. The comorbidity structure also differed between
genders. Women more often had concomitant cerebrovascular diseases (17.2% vs. 7.3%, p=0.05), dementia (15.5%
vs. 5.5 %, p=0.03), connective tissue disorders (17.25 vs. 6.42%, p=0.03) and thyroid disease (12.1% vs. 2.8%,
p=0.02). Men more often suffered from peptic ulcer (13.7% vs. 3.4%, p=0.05). The incidence of MACEs during the
follow-up period rose sharply with age and was higher in females (55% vs. 33%, p=0.003). In the multivariable
model, PAD (OR 9.5, 95% CI: 1.7-52.3, p=0.01) and thyroid disease (OR 7.2, 95% CI: 1.19-43.2, p=0.03) demonstrated
the most significant impact on the long-term event-free survival of females in the cohort. In turn, a solid metastatic
tumor was the most significant predictor of poor prognosis in men (OR 6.3, 95% CI: 2.13-18.9, p=0.001).

Conclusions. We observed significant gender differences in the prevalence of comorbid conditions and their
influence on the three-year event-free survival of patients with ACS. The predictive value of comorbidities should
be further investigated, preferably, with the involvement of larger cohorts.

KEYWORDS: acute coronary syndrome; gender; outcomes.

Introduction

Cardiovascular disease (CVD) remains the
number one cause of death of males and
females all around the world with coronary
heart disease (CHD) representing the major
proportion [1]. The common misconception
about CHD being predominantly “male” di-
sease has been confronted few decades ago,
and gender differences in clinical presentation
and treatment strategies have been widely
acknowledged. Significant body of evidence
suggests that females presenting with acute
coronary syndrome (ACS) are usually older and
more often have concomitant arterial hyper-
*Corresponding author: Tetiana Lunova, Ph.D student,
I. Horbachevsky Ternopil National Medical University, Ternopil,

46002, Ukraine,
E-mail: lunovatetiana@gmail.com

tension (AH) and diabetes mellitus (DM) [7]. It
is also known that female patients with ACS
have generally worse short-term and long-term
outcomes as compared with males [3-6].
Studies indicate that such disparities may be
attributed to older age and higher prevalence
of comorbidities in female patients [5, 6]. Never-
theless, it is still not well-established which
comorbid conditions have the most significant
impact on the long-term outcomes of men and
women with ACS.

In this study, we analyzed existing gender
differences in the prevalence of comorbid con-
ditions in patients with ACS. We also aimed at
identifying which comorbidities had the most
significant impact on the long-term prognosis
of men and women with ACS.
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Methods

We performed a retrospective cohort study
of 167 patients admitted to the acute coronary
unit of Ternopil Municipal Hospital with ACS in
2016-2017. Study sample was divided into two
gender groups (109 males and 58 females).
Relevant clinical data has been extracted from
medical records and indicated in pre-designed
data charts. Comorbidity structure in the fol-
lowing cohort has been assessed drawing on
Charlson Comorbidity Index. The 3-year follow-
up of the patients has been conducted through
e-Health system and in rare cases patients have
been contacted by phone. The incidence of
repeated major adverse cardiovascular events
(MACEs) throughout 36 months after hospi-
talization has been assessed which included
all-cause death, acute myocardial infarction and
unstable angina.

ACS included ST-segment elevation myo-
cardial infarction (STEMI), non-ST-segment
elevation myocardial infarction (NSTEMI) and
unstable angina (UA). Comorbid conditions of
patients were mentioned in their medical
records or diagnosed during their hospital stay
according to the guideline-based diagnostic
criteria. Such comorbidities from Charlson
Comorbidity Index were analyzed in the study:
prior acute myocardial infarction (prior AMI),
congestive heart failure (HF), AH, peripheral
artery disease (PAD), chronic kidney disease
(CKD), liver disease, chronic obstructive pulmo-
nary disease (COPD), leukemia, hemiplegia,
metastatic solid tumor, AIDS, lymphoma, con-
nective tissue disorders, cerebrovascular di-
sease, dementia, DM, peptic ulcer. Additionally,
we analyzed the prevalence of thyroid disease
and anemia in selected patients.

All statistical information has been proces-
sed using IBM SPSS Statistics 22.0 software.
Continuous variables were expressed as meanxt
standard deviation (SD). Numbers and percen-
tageswere used for categorical data. Differences
between groups were analyzed using Stu-
dent’s t-test for continuous data and Pearson'’s
Chi-square test for categorical variables. A
p-value of <0.1 was considered significant. The
evaluation of prognostic impact of particular
comorbidities was performed in multivariable

analysis adjusting to various confounders, such
as age, cardiogenic shock, elevated cardiac
troponin levels. The predictors of MACE were
presented as adjusted odds ratios (OR). The
analysis was performed separately for two
gender groups.

Results

Women in the following cohort were in
general 10 years older than men (69.5+21.5 vs.
59.5+28.5, p<0.001). Female patients with ACS
more often experienced nausea, vomiting, pal-
pitations and fatigue instead of typical chest
pain. They were also more likely to be hos-
pitalized more than 12 hours after the symptom
onset (64% vs. 41%, p=0.006). Men were more
often smokers while women were more often
obese. Female patients with ACS more often
than male had preserved ejection fraction
(55.0% vs. 38.0%, p=0.04), but at the same time,
they more often developed cardiogenic shock
(12.0% vs. 3.7%, p=0.04). STEMI was more often
diagnosed in male patients (55% vs. 36%,
p=0.02), while NSTEMI and UA more often
occurred in females (64% vs. 45%, p=0.02).

We observed significant gender differences
in clinical profiles of patients in the following
cohort. In general, female patients with ACS
had higher prevalence of comorbid conditions:
15.5% of women vs. 11% of men with ACS had
>5 comorbidities, 65.5% of women and 60% of
men had 2-4 comorbid conditions and 19% of
women vs. 29% <1 concomitant disease
(Table 1).

In the following cohort of patients with ACS,
women more often had concomitant cerebro-
vascular diseases (17.2% vs. 7.3%, p=0.05), de-
mentia (15.5% vs. 5.5 %, p=0.03) and connective
tissue disorders (17.25 vs. 6.42%, p=0.03).
Thyroid disease was also more often diagnosed
in female patients (12.1% vs. 2.8%, p=0.02). Men
more often suffered from peptic ulcer (13.7%
vs. 3.4%, p=0.05). We did not observe statistically
significant gender differences in the prevalence
of arterial hypertension (AH), peripheral artery
disease (PAD), prior myocardial infarction (prior
AMI), chronic kidney disease (CKD), liver disease
and COPD in the selected cohort. Diabetes
mellitus was more often found in female pa-

Table 1. Gender differences in the prevalence of comorbid conditions

Number of comorbidities 1 group (men) 2 group (women)
<1 32 (29%) 11 (19%)
2-4 66 (60%) 38 (65.5%)
>5 12 (11%) 9 (15.5%)
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tients (34.5% vs. 25%), but the difference was
not considered significant (p=0.1). Gender dif-
ferences in the comorbidity structure are de-
monstrated in the table 2.

The incidence of MACEs during the follow-
up period was significantly higher in females
than in males (55% vs. 33%, p=0.003). The
probability of adverse outcomes rose sharply
with age. Among female patients with ACS aged
65 and older, the cumulative MACEs rate was

significantly higher than in younger women
(66% vs. 30%). Similarly, 27% of men younger
than 65 years old experienced recurrent MACEs
within the following 3 years after hospital
discharge and 44% of men, aged 65 and older.
Kaplan-Meier analysis identified significant
gender differences in the 3-year event-free
survival of patients older than 65 years old and
no sex differences in the prognosis of younger
patients (Figure 1, 2).

Table 2. Gender differences in the comorbidity structure

Comorbid condition ! gr(:lti%gnen) 2 grour|3=(SV\éomen) p-value
Prior Acute Myocardial Infarction n=32 (29%) n=18 (31%) p=0.8
Congestive heart failure n=16 (15%) n=10 (17%) p=0.5
Peripheral artery disease n=11 (10%) n=5 (9%) p=0.9
Dementia =6 (5.5%) n=9 (15.5%) p=0.03
Diabetes Mellitus n—27 (25%) n=20 (34.5%) p=0.1
Cerebrovascular disease n=8 (7%) n=10 (17%) p=0.05
COPD n=6 (5.5%) n=3 (5%) p=0.9
Connective tissue disorders n=7 (6%) n=10 (17%) p=0.03
Peptic ulcer n=15 (14%) n=2 (3%) p=0.05
Chronic kidney disease n=17 (16%) n=8 (14%) p=0.7
Hemiplegia n=0 (0%) n=0 (0%) -
Leukemia n=1(1%) n=0 (0%) -
Lymphoma n=0 (0%) n=0 (0%) -
Metastatic solid tumor 6 (5.5%) n=1(2%) p=0.2
Liver disease n=26 (24%) n=14 (24%) p=0.9
AIDS n=0 (0%) n=0 (0%) -
Arterial hypertension n=89 (82%) n=53 (91%) p=0.1
Other comorbidities
Thyroid disease n=3 (3%) n=7 (12%) p=0.02
Anemia n=13 (12%) 7 (12%) p=0.2
1.0-3 —- men
i —#- women
0.5
< [}
] x2=0.19 Z
] = O
] p=0.6 =
0.0 1 | 1 1 A
0 10 20 30 40 <
time (months) é
E
Fig. 1. Event-free survival (36 months) of patients older than 65 years. E
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Fig. 2. Event-free survival (36 months) of patients younger than 65 years.

Multivariable analysis identified 7 comorbid
conditions that most significantly influenced
the prognosis in men (Table 3). According to
obtained results, the greatest negative impact
on the event-free survival of male patients in
this cohort had metastatic solid tumor (OR 6.3,
95% CI: 2.13-18.9, p=0.001). Cerebrovascular
disease, peptic ulcer, dementia and CKD were
associated with more than twice higher chances
of MACEs in the future while PAD and prior MI-
with 1.5 times higher probability of MACEs.

In the multivariable model, PAD (OR 9.5,
95% CI: 1.7-52.3, p=0.01) and thyroid disease
(OR7.2,95% CI: 1.19-43.2, p=0.03) demonstrated
the most significant impact on the long-term
event-free survival of females in this cohort. Con-

gestive HF (OR 2.92, 95% CI: 0.6-14.2, p=0.06),
prior MI (OR 1.86, 95% CI: 0.6-5.7, p=0.075) and
AH (OR 2.3, 95% CI: 0.4-12.0, p=0.06) also
negatively affected the prognosis of women
with ACS. Higher incidence of recurrent MACEs
was found in females with ACS and gynecological
diseases, such as endometriosis, polycystic
ovary syndrome, dyshormonal states of the
reproductive system, uterine extirpation, etc.
(OR 5.4, 95% CI: 0.9-10.3, p=0.04), (Table 4).

Discussion

This article provides an additional insight
into gender-related differences in the preva-
lence of comorbidity in patients with ACS as well
as the prognosticimpact of comorbid conditions

Table 3. Multivariable analysis of the prognostic impact of comorbid conditions
in men with ACS

Variables 95% CI

SE p-value OR Lower Upper
Age 0.017 0.510 1.011 0.979 1.045
Elevated cardiac troponin levels* 0.380 0.849 1.075 0.511 2.264
Ectopic rhythm 0.493 0.563 0.752 0.286 1.975
Cardiogenic shock 0.045 0.501 1.054 0.453 1.843
Prior MI 0.424 0.090 1.403 0.612 3.219
Congestive HF 0.577 0.740 0.826 0.267 2.558
PAD 0.580 0.084 1.901 0.610 5.925
Dementia 0.948 0.096 2.591 0.404 16.606
DM 0.550 0.077 0.781 0.129 1.110
Cerebrovascular disease 0.951 0.098 2.555 0.396 16.475
Peptic ulcer 0.496 0.065 2.493 0.943 6.585
CKD 0.533 0.083 2.088 0.734 5.935
Metastatic tumor 0.556 0.001 6.343 2.132 18.868
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Table 4. Multivariable analysis of the prognostic impact of comorbid conditions
in women with ACS

Factors 95% CI

SE p-value OR Lower Upper
Age 0.034 0.001 1.22 1.050 1.198
Prior MI 0.574 0.075 1.860 0.604 5.724
Congestive HF 0.805 0.060 2.925 0.604 14.166
PAD 0.870 0.010 9.498 1.725 52.303
Liver disease 0.634 0.880 0.909 0.262 3.149
AH 0.843 0.063 2.301 0.441 12.010
Thyroid disease 0.916 0.031 7.188 1.194 43.253
Gynecological diseases 0.675 0.044 5.412 0.895 10.342

in male and female patients. According to the
results obtained, female patients with ACS more
often experienced nausea, vomiting, palpita-
tions and fatigue instead of typical chest pain.
They were also more likely than men to be hos-
pitalized >12 hours after the symptom onset.
In the following cohort, STEMI was more often
diagnosed in men and NSTEMI or UA more
often occurred in women.

A substantial body of evidence suggests
that female patients with ACS are usually older
and have more comorbid conditions, such as
diabetes mellitus (DM) and arterial hypertension
(AH) [2, 7-10]. At the same time, limited number
of scientific articles analyzes the prevalence of
other comorbidities. In accordance with pre-
vious studies, women in the following cohort
were also older and had generally worse risk
profiles. Nevertheless, we did not observe sig-
nificant gender differences in the prevalence
of DM and AH in our study. Instead, women
more often than men had concomitant cerebro-
vascular diseases, dementia, connective tissue
disorders and thyroid disease. In turn, men
more often suffered from peptic ulcer (13.7%
vs. 3.4%, P=.05).

Female patients with ACS showed signi-
ficantly higher 3-year cumulative MACEs rates,
as compared with their male counterparts.
Nevertheless, such gender difference was
mainly attributed to the higher incidence of
recurrent events in older patients (>65 years
old). Kaplan-Meier analysis did not identify any
significant gender differences in the prognosis
of younger patients (< 65 years old). The above
mentioned results reflect the general trend in
the outcomes of women with ACS. It is widely
acknowledged that premenopausal women are
generally protected with the anti-atherogenic
and vasoprotective effects of estrogen [11, 12].
The situation changes dramatically when
females reach the menopause. In such women,

we observe not only a sharp increase in the
incidence of de novo CVD cases, but also a
worse overall prognosis after acute ischemic
events [13].

According to the results of numerous stu-
dies, female patients with ACS have generally
worse unadjusted short-term and long-term
mortality rates after ACS. Nevertheless, after
adjustment for various factors, the gender
difference was attenuated [3-6, 14]. Scientists
suggest that the mortality is most likely attri-
buted to the older age and higher prevalence
of comorbidity in female patients [5, 6]. In this
study, we analyzed the prognostic impact of
comorbid conditions, which were included to
Charlson Comorbidity Index. We also investi-
gated the prognosis of patients with conco-
mitant thyroid disease and the prognosis of
females with gynecological diseases.

The greatest impact on the 3-year event-
free survival of male patients with ACS in this
cohort demonstrated solid metastatic tumor.
This comorbid condition was associated with
six-fold risk of MACEs during the follow-up pe-
riod. Men with ACS and concomitant cerebro-
vascular disease, peptic ulcer, dementia and
CKD had more than twice higher chances of
MACEs as compared with men with no such
conditions. Finally, PAD and prior Ml increased
the probability of recurrent MACEs in 1.5 times
in male patients with ACS. The influence of
other comorbidities on the long-term prognosis
of men in this cohort was less significant.

PAD and thyroid disease demonstrated the
most significantimpact on the long-term event-
free survival of women with ACS in this cohort.
Females with gynecological diseases also had
significantly higher incidence of recurrent
MACEs within 3 years after ACS as compared
with females with no history of gynecological
issues. Congestive HF, prior MI and AH also
negatively affected the prognosis of female
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patients with ACS in this cohort. The prognostic
impact of other comorbid conditions was not
considered statistically significant.

Conclusions

We observed significant gender differences
in the clinical profiles and the prevalence of
comorbidity in patients with ACS. The cumulative
incidence of 3-year MACEs was higher inwomen
than in men. At the same time, statistically
significant gender difference in the long-term

small. That is why we deem it reasonable to
conduct further research on this subject with
an involvement of larger patient samples.
Second, the selected patients never (or very
rarely) developed leukemia, AIDS, hemiplegia
and lymphoma; hence, it was impossible to
investigate the influence of these conditions on
the long-term prognosis in the following cohort.
Third, we did not have a chance to observe the
3-year event-free survival in female patients
with diagnosed metastatic tumor due to a small

INTERNAL MEDICINE

outcomes has been observed exceptionally in  number of cases.
the cohort of older patients. The influence of
comorbid conditions on the event-free survival
of patients with ACS differed between genders.
The predictive value of comorbidities should be
further investigated, preferably, with an

involvement of larger cohorts.
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the cohort of patients involved is relatively

T'EHAEPHI BIIMIHHOCTI BINIHBY KOMOPBIZJHHNX CTAHIB HA BIAJAJIEHI
HACIIAKH V IIAIIEHTIB 3 TOCTPM KOPOHAPHHUM CHHAPOMOM

. . B *T. B. JlyHboBa, I. M. Kniwy
TEPHOML1bCbKN HALIIOHATIbHUN MEAWMYHWN YHIBEPCUTET IMEHI I. . TOPBAYEBCHKOIO MO3 YKPAIHY,
TEPHOIL/Ib, YKPAIHA

BcTyn. Bnaus cmami Ha kaiHiYHUl nepebiz 20cmpo20o KopoHapHo20 cuHopomy (TKC) y nayieHmis € wupoko
gidomMum. XKiHKU 3 makum 0ia2HO30M 3a38u4ali cmapwi ma Marome 6inswe cynymHix 3aXe0pH8aHs.

MeTa. Y danili pobomi Mmu maau Ha Memi docnidoumu, ki pakmopu enausaromes Ha 00820mMpuUBAAUL NPO2HO3
ma eiddineHi Hacnioku y nayieHmis 3 FKC.

MeTtopwn. PempocnekmusHe Ko2opmHe 00CidxeHHA 8k04an0 167 nayieHmie (58 xiHok ma 109 Yonosikis),
AKi NPOX0OUAU NIKYBAHHSA HA 6a3i TepHONiNLCLKOI MiCbKOi KOMYyHAAbHOI AiKapHi Ne 2 y 2016-2017 pp. 3 diazHo3om
TKC. Yca iHpopmayis 6yna 3anucaHa y cneyianbHO CmeopeHi Kapmu nayieHmis. Yacmomy noemopHuUx cepyeso-
CyOUHHUX nodili oyiH8ANU NpomMA20M 36-mu MiCAYie Nicia 8UNUCKU 3i cmayioHapy.

PesynbTtaTWu. XiHKU y yili ko2opmi 6yau cmapwumu ma Maau 8Uly 4acmomy CynymmHix 30X80pH8aHb:
15,5% xciHok ma 11% 4onosikie 3 TKC manu =5 komopbioHocmel, 65,5% xciHok i 60% 4Yonosikie manu 2-4
Komop6idHocmi, i 19% xiHOK ma 29% 4ososikie <1 KOMOPBIOHe 3aX80PHOBAHHSA. XIHKU Yacmiwe Maau CynymHi
yepebposackynapHi 3axeoprosaHHsA (17,2% npomu 7,3%, p=0,05), demeHyito (15,5% npomu 5,5 %, p=0,03),
X80p0obu cnosay4Hoi mkaHuHu (17,25% npomu 6,42%, p=0,03) i 30x80pt08aHHA WumonodibHoi 3a103u (12,1%
npomu 2,8%, p=0,02). Honosiku Yacmiwe manu supaskosy xeopoby (13,7% npomu 3,4%, p=0,05). Yacmoma
nosmopHuUXx cepyeso-cyouHHUX nodili 6yna suU4oro y HiHOK (55% npomu 33%, p=0,003). Xeopoba nepupepuyHux
apmepiti (OR 9,5, 95% CI: 1,7-52,3, p=0,01) xeopobu wjumonodiéHoi 3as103u (OR 7,2, 95% CI: 1,19-43,2, p=0,03)
npodemoHcmMpysanu Halibinbuwuli 8nAUS HO NPO2HO3 Y HIHOK. OHKOM02i4Hi 30X80PHOBAHHA MAAU HAUBINbWUX
8n/1U8 Ha 8UXUBAHHSA y Yososikie (OR 6,3, 95% CI: 2,13-18,9, p=0,001).

BucHoBKW. Mu cnocmepizanu cymmesi 2eHOepHi 8ioMiHHOCMI y cmpyKkmypi KOMop6ioHocmi ma 8inbHOMYy
8i0 nodili suxcusaHHI nayieHmie 3 IKC. foyinsHo nposecmu nodanbuli O0CNIOHEHHS i3 30/1yYeHHAM 6inbuuX
Koz2opm nayieHmis.

K/TKOYOBI C/TIOBA: rocTpuniA KOpOHapHUV CUHAPOM; CTaTh; NMPOrHO3.
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ANTIBACTERIAL THERAPY FOR PATIENTS WITH BURN INJURIES

S.Y. Zaporozhan, *D. B. Fira, O. V. Pokryshko
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Treatment of burn wound infection is an urgent issue of contemporary medicine, including
surgery, combustiology and microbiology. It is established that infectious complications are a challenge for burn
patients. In the course of wound reparation, infectious complications may worsen. Along with surgical treatment,
mechanical removal of pathogens from burn wounds is also important as well as antimicrobials for patients with
severe burns.

Objective. The aim of the study was to define the most common pathogens of purulent-inflammatory
complications of burn wounds and their susceptibility to antibiotics.

Methods. The study involved patients treated at the Center of Thermal Trauma and Plastic Surgery of Lviv
I-Territorial Medical Association, the unit of St. Luke Hospital of Lviv. Collection of material from wound secretions
of burn wounds was performed with sterile swab. The study was performed before prescription of antibiotics, at
the end of the first and second weeks of the disease. The pathogens were isolated and identified. Antibiotic
susceptibility was studied using standard research methods. The obtained results were analyzed by means of the
software package of the microbiological monitoring system WHONET 5.2 (WHO Collaborating Centre for
Surveillance of Antimicrobial Resistance) and the program Microsoft Office Excel 2007.

Results. The study of smears from burn wounds proved that 240 strains of gram-positive and gram-negative
microorganisms that caused purulent-inflammatory processes were isolated. Among the selected causative agents
of a burn wound complicated by a purulent-inflammatory process, gram-negative bacteria predominated (60.8%
of all detected microorganisms). Gram-positive flora of S. epidermidis and S. aureus were more common in the
wound surface during the first week of the disease. In most patients with severe burns, bacterial associations
were isolated from the wound surface (66.3%) in two and three weeks, and in three weeks Candida spp. were
isolated. Non-fermenting rods A. baumannii and P. aeruginosa dominated among the gram-negative flora isolated
from the wound surface of burns. The analysis of susceptibility of microorganisms isolated from patients with
burns to antibiotics showed that almost all of the cultures were polyresistant.

Conclusions. Gram-negative microorganisms, strains of non-fermenting bacteria predominated among
the pathogens isolated from burn wounds complicated by purulent inflammation; Staphylococcus aureus prevailed
among the gram-positive ones. The most significant clinical strains were highly polyresistant to antibiotics.

KEYWORDS: smears from burn wounds; strains of microorganisms; antibiotics; resistance.

SURGICAL DISEASES

Introduction

According to the WHO, injuries, burns,
poisonings, etc. are the third in the structure of
human mortality. Every year about 840 million
people suffer from burns and about 180
thousand people die in the world. In Ukraine,
more than 100,000 cases of burns are registered
annually, and 60-80% of those burned have
superficial burns of the skin of II-III A degree,
which do not require surgical intervention [1,
2,3,4].

Treatment of burn wound infection is an
urgent issue of contemporary medicine, in
particular, surgery and combustiology. Accor-

*Corresponding author: Dmytro Fira, Associate Professor,
I. Horbachevsky Ternopil National Medical University, Ternopil,
46002, Ukraine.

E-mail: firadb@tdmu.edu.ua

ding to literature [5, 6], despite the constant
improvement of wound healing methods, the
frequency of its infectious complications in
surgery is 30%. Traditional remedies and treat-
ments for infected burns are often ineffective.
This necessitates further search for new and
improvement of existing medications and
treatment that stimulate reparative processes
in infected wounds, as well as in-depth study
of the mechanisms of action of antibiotics [7].
Today, there is a wide range of medications for
conservative treatment of burns, but none of
them is sufficiently effective.

Itis established thatinfectious complications
are a challenge for patients with burns. Accor-
ding to the literature, their frequency correlates
with the depth and area of burns. Complications
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in patients with burns are caused by disturbance
of barrier function of the skin, reduction of its
protective properties due to the action of
traumatic factors and suppression of the
immune system of these patients [8, 9, 10].

The most common cause of patient mortality
is infection, which accounts for about 76.3% of
burn mortality. In cases of thermal damage,
coagulation necrosis of the epidermis, of va-
rious layers of the dermis and adjacent tissues
develops that creates favorable conditions for
massive microbial invasion. Infectious compli-
cations worsen the course of reparative proces-
ses in the wound. In patients with severe burns
antimicrobial therapy is important together
with surgical treatment aimed at mechanical
removal of pathogens from burn wounds [11,
12, 13].

The aim of the study was to define the most
common pathogens of purulent-inflammatory
complications of burn wounds and their
susceptibility to antibiotics.

Methods

The study involved patients treated at the
Center of Thermal Trauma and Plastic Surgery
of LvivI-Territorial Medical Association, the unit
of St. Luke’s Hospital of Lviv. Collection of ma-
terial from the wound secretions of burn
wounds was performed with sterile swab. burn
wounds in all patients were studied before
prescription of antibiotics, at the end of the first
and second weeks of the disease, which inclu-
ded isolation of pathogens, their identification
by morphological, cultural and biochemical
properties.

Antibiotic susceptibility was studied using
standard research methods according to the
Order of the Ministry of Health of Ukraine
No. 167 “On approval of guidelines for Deter-
mination of susceptibility of microorganisms to
antibacterials”, dated April 05, 2007 and the
recommendations of the International Com-
mittee of Clinical Standards (NCCLS, 2002).

Statistical processing and analysis of the
results was performed using the software
package of the microbiological monitoring
system WHONET 5.2 (WHO Collaborating
Centre for Surveillance of Antimicrobial Resis-
tance) and Microsoft Office Excel 2007 [14].

Results

The results of the studies showed that in
patients with burn trauma during the first week
of the disease gram-positive flora of S. epi-
dermidis and S. aureus were more common

according to microbiological examination of
smears from wound surfaces. Candida spp.
were isolated in patients with severe burns on
the third week of the disease, which might have
been associated with immunosuppression due
to thermal trauma and development of anti-
bacterial resistance [15]. Depending on this,
susceptibility of the main pathogens to anti-
bacterials was evidenced. The study found that
S. aureus showed high resistance to ceftriaxone
(78-80%) and carbapenems (70-73%), high
susceptibility to fluoroquinolones, including
ciprofloxacin (71.5%) and levofloxacin (67.5%).
P. aeruginosa strains were susceptible to carba-
penems, in particular to meropenem (80 %) and
imipenem (95%).

Onday 18-20 from the moment of the injury,
Pseudomonas aeruginosa was isolated from the
wound in 65-70% of patients. Strains of Pseudo-
monas aeruginosa were moderately resistant,
retaining susceptibility to carbapenems.

As a result of microbiological examination
of smears from burn wounds, etiologically sig-
nificant pathogens of infectious complications
in patients with dermal burns were isolated. A
total of 240 strains of gram-positive and gram-
negative microorganisms were isolated from
burn wound surfaces, which led to development
of purulent-inflammatory processes.

On the seventh day after burns in 62.3% of
cases, microorganisms were isolated from
patients in monoculture, and only 37.7% - in
associations. In two and three weeks of the
disease, most patients with severe burns had
bacterial associations isolated from the wound
surface (66.3%), and on the third week of the
disease Candida spp. were isolated due to
possible immunosuppression on the back-
ground of thermal trauma.

Acinetobacter baumannii (30.0%), Pseudo-
monas aeruginosa (20.4%) and Staphylococcus
aureus (15%) are leading in the spectrum of
isolated clinical strains (Fig. 1). Most often, they
formed associations from the second week of
the disease.

Among the isolated pathogens of purulent-
inflammatory complications of burn wounds,
gram-negative bacteria predominated (60.8 %
of all isolated microorganisms) (Fig. 2).

Non-fermenting rods A. baumannii and
P. aeruginosa (48.3% and 34.9%, respectively)
dominated in the gram-negative flora isolated
from the burn wound surface; they were most
often isolated after the first week of the disease.
In contrast, Enterobacteria accounted for only
17.1 % (Fig. 3); Escherichia coli (8.7 % of isolated
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gram-negative rods), Enterobacter cloacae
(2.7 %), Klebsiella pneumoniae (2.7 %), Proteus
mirabilis (2.0%), Proteus vulgaris (0.7%) were
isolated among them.

Gram-positive cocci were isolated 1.6 times
less (37.1%) (Fig. 4). Staphylococci were
predominant among them. They accounted for
75 % of isolated strains of cocci, and cultures of
S. aureus (40.4% of all identified strains of cocci)
were most often isolated among them. Coagu-
lase-negative cocci were represented by cultu-
res of S. epidermidis and S. haemolyticus (31.5 %
and 12.4%, respectively). Enterococci were
represented by strains of Enterococcus faecalis
and Enterococcus faecium, which accounted for
10.1 % of the coccal flora, respectively. Strep-
tococcus pyogenes was isolated only in 5.6%.
Enterococci were more oftenisolated in the first
week of the disease, staphylococci in the
following weeks.

Candida spp. accounted for only 2.1 % of all
isolated microorganisms.

The analysis of the susceptibility of micro-
organisms isolated from patients with burn
disease to antibiotics showed that these clinical
strains had high resistance to antibacterials,
especially those that most often infect the
wound surfaces. Almost all isolated strains were
polyresistant.

The identified strains of P. aeruginosa were
low susceptible to cephalosporins, in particular:
cefepime (92.3%), ceftriaxone (86.5%), cefta-
zidime (80.8%), cefotaxime (69.2%). Almost half
of the isolated cultures of Pseudomonas

34 %

6,7 %

12,4 %

aeruginosa were resistant to aminoglycosides:
to gentamicin - in 46.2% cases, to amikacin -
42.3 %. Meropenem and imipenem showed also
low effectiveness, although they were reserve
antibiotics. Clinical strains of P. aeruginosa
showed resistance in 51.9 % and 82.7 % cases,
respectively. The most effective antimicrobial
against Pseudomonas aeruginosa was doxycyc-
line. Resistance to it was only 19.2 %.

Like P. aeruginosa strains, isolated cultures
of A. baumannii had a high level of antibiotic
resistance. Cephalosporin antibiotics, in parti-
cular ceftazidime (97.2 %), ceftriaxone (95.8 %),
cefepime (91.7 %), cefotaxime (86.1 %), were
ineffective against acinetobacteria. Strains of
A. baumannii to gentamicin and amikacin
(73.6 % and 79.2 %, respectively) were highly
resistant. They were also low susceptible to
fluoroquinolones, i.e.: levofloxacin (76.4 %),
ciprofloxacin (68.1%), gatifloxacin (63.9%).
Meropenem and imipenem were more effective
than other groups of antibacterials against
acinetobacteria, only in 31.9% and 40.2% of
resistant cultures of A. baumannii.

Isolated cultures of S. aureus were resistant
to oxacillin (63.9%) that indicated methicillin
resistance of these strains, as well as cepha-
losporin antibiotics, in particular: cefepime,
ceftazidime, ceftriaxone (from 19.4 % to 33.3 %,
respectively). Staphylococcus aureus was highly
resistant to azithromycin (66.7 %) and linco-
samides such as clindamycin (72.2 %) and
doxycycline (52.8 %). Fluoroquinolones were
also low effective, i.e.: ciprofloxacin (58.3 %) and
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levofloxacin (25.0-44.4 %), as well as aminogly-
cosamides: gentamicin (30.6 %) and amikacin
(38.9%). In contrast to non-fermenting bacteria,
clinical strains of S. aureus were the most sus-
ceptible to carbapenems: meropenem and
imipenem resistant cultures of Staphylococcus
aureus were only 8.3% and 5.6% of strains.

Discussion

Burns destroy the first barrier of human
innate immunity that protect tissue from the
colonised external world, and microorganisms
can easily spread and infiltrate necrotic tissue
[15, 16]. Our data confirmed many published
studies, which have reported gram-negative
bacteria as the commonest microorganisms
that colonize burn wounds [17]. Initial burn
wounds are sterile. However, within a few days,
Gram-positive strains, such as Staphylococcus
aureus, coagulase-negative Staphylococcus, and
Streptococcus spp., start to colonize the wounds
from deeper structures (hair follicles and
glands). In the second phase, a Gram-negative
shift takes place, where P. geruginosa, E. coli,
and Proteus are the predominant isolates [18,
19, 20]. If left untreated, this colonization can
lead to infection [20, 21]. Our data confirmed
the steps of infectious process developing on
burn wounds. The study had established that
S. aureus among gram-positive microbes and
P. aeruginosa among gram-negative microbes
were the most frequent microbial isolates in
our patients(40.4% and 34.9% respectively).
Similar observation was seen in the study by
Tsolakidis S. et. al. [18].

In our study, we found a variable percentage
of antibiotic resistance among the cultured
bacteria. The analysis of the studied isolates
susceptibility to antibiotics showed that most
often infecting the wound surfaces clinical
strains had high resistance to antibacterials.
Almost all isolated bacteria were multiresistant.
63.9% of identified S. aureus belong to MRSA
staphylococci. This had less incidence with
other studies on MRSA in burn patients by
Mandal [21]. Isolates of S. aureus (more than
70 % of all of them) were found as highly
resistant to cephalosporins, including cefepime,
ceftazidime, ceftriaxone, to lincosamides, such
as clindamycin (72.2 %) and doxycycline

(52.8 %). S. aureus was highly resistant to fluo-
roquinolones, i.e.: ciprofloxacin (58.3 %) and
levofloxacin (25.0-44.4 %), as well as aminogly-
cosamides: gentamicin (30.6 %) and amikacin
(38.9 %). However, isolates of S. aureus were
susceptible to fluoroquinolones, including
ciprofloxacin (71.5 %) and levofloxacin (67.5%).
In contrast to non-fermenting bacteria, clinical
strains of S. aureus were the most susceptible
to carbapenems: meropenem and imipenem;
only 8.3 % and 5.6 % of strains of S. aureus were
resistant to these antibiotics.

P. aeruginosa strains as well as S. aureus
were resistant to cephalosporins, in particular:
cefepime (92.3 %), ceftriaxone (86.5 %), cefta-
zidime (80.8 %), cefotaxime (69.2 %); to ami-
noglycosides: gentamicin (46.2 %), amikacin
(42.3 %); to meropenem and imipenem (almost
half of the isolated cultures of P. aeruginosa).
and moderate resistant to carbapenems, in
particular: to meropenem (80 %) and imipenem
(95 %). The most resistant antibiotics found in
most of studies were cephalosporins and
quinolones [7, 8, 23, 24, 25]. In contrast, some
authors reported no isolated bacteria found
resistant to gentamicin [24], or susceptible to
aminoglycosides [25].

Conclusions

Itwas established thatamong the pathogens
isolated from complicated purulent-inflamma-
tory burn wounds, gram-negative microorga-
nisms of non-fermenting bacteria predominated
and Staphylococcus aureus among gram-po-
sitive ones. The most significant clinical strains
were highly multiresistant to antibiotics.
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AHTHBAKTEPIAJIBHA TEPAIIIA V XBOPHX 13 OIIIKOBOIO TPABMOIO

. . C. I‘/'I.u3anop0)|(a|-|, 4. B. ®ipa, O. B. MokpuLuko
TEPHOIMLIbCbKUM HAUIOHAJIbBHUN MEAVYHNN YHIBEPCUTET IMEHI 1. 5. TOPBAYEBCHKOIO,
TEPHOIIJ1b, YKPAIHA

BcTtyn. JlikygaaHHA 0nikogoi paHOBOI iHGeKYii € akmyasnsHo npobaemMoro Cy4acHoi MeouyuHU, 30Kpema
Xipypaii, kombycmionozii i Mikpobionozii. Bidomo, ujo y xeopux 3 onikamu iH@eKkyiliHi ycknaoHeHHs CmaHoeaame
cepliozHy npobaemy. IHpekyiliHi ycknadHeHHSA nozipwyroms nepebie penapamusHUX npoyecie y paHi. BooHo4ac
i3 XipypeiyHUMU Memodamu AiKy8aHHA, CNPAMOBAHUMU HO MeXaHiYHe sudasneHHs 36yOHUKI8 3 0niKosuX PaH,
8aX(1UBE 3HOYEHHS MAE 30CMOCYBAHHA AHMUMIKPOBOHUX NIKAPCbKUX 30C06i8 Y X8OPUX i3 MAHKUMU ONIKAMU.

Mema. BusHa4umu Halibinbw nowupeHi 36yOHUKU 2HIilIHO-3aNaNbHUX YCKAAOHEeHb ONiKOBUX PAH Y X80pUX
ma ix yymausicme 0o aHmMubiomucis.

Memodu. [jocnidxeHHs hpog8oousa0Ck y NAYiEHMI8, Wjo nepebysasnu Ha CMAYioOHAPHOMY NiKy8AHHI y yeHmpi
mepmMivyHoi mpasmu i naacmuyHoi xipypzii KHI1 «I-e mepumopianbHe medu4He 06'€OHAHHA M. Jlbeoga»
8idoKpeMneHo20 niopo30iny «JlikapHs cesmozo Jlyku» M. Jlesis. 3abip mamepiasny i3 paHos8ux 8udisieHb 0NIKOBUX
paH 30ilicHr8anU 30 00NOMO200 CMepuAbHO20 MAMNOHY. JoCaiOxeHHS nposoouau y xeopux 0o noyamky
30CMOoCy8aHHA QHMUBIOMUKIB, HANPUKIHYI Nepwo2o i dpy2020 MUXMCHA 30X80PHBAHHA. Budinanu 36y0HUKU,
ideHmudgikysanu ix. Yymaueicme 0o aHmubiomukie sug4asnu 3a 00NOMO20H0 CMAHIAPMHUX Memodis
0ocnioxceHHA. OmpumMaHi pesynemamu niodasanu aHanizy, Akull 8K1OYA8 nakem npo2paM cucmemu
MiKpo6iosoziyHo2o MoHimopuHay "WHONET 5.2" (WHO Collaborating Centre for Surveillance of Antimicrobial
Resistance) ma npozpamy «Microsoft Office Exel 2007 ».

Pe3yaemamu. Y pe3ynbmami npogedeH020 00CNidxeHHA Ma3Kie 3 onikosux paH eudineHo 240 wmamie
2paMNO3UMUBHUX MA 2pAMHe2AMUBHUX MIKPOOP2AHI3Mi8, AKi CHPUYUHAAU 2HIilIHO-3anaasHi npoyecu. Ceped
guoineHux 36yOHUKI8 2HIlIHO-3aNAAbHUX YCKAAOHeHb ONiKOBUX PAH Nepesaxanu 2pamHezamusHi 6akmepii
(60,8% ycix sudineHux MikpoopeaHiamis). Bnpodoex: nepwo2o0 muxcHs 30X80PHOBAHHS y PaHOBIl NosepxHi
yacmiwe 3ycmpidyanuca 2pamnosumusHa ¢aopa S. epidermidis ma S. aureus. [licas d8ox i mMpeox MuxcHie
30X80PHOBAHHSA y 6inbUIOCMI NAYIEHMIB i3 BAMHCKOH ONIKOBOK MPABMOIO 3 pAHOB0I N0BEPXHI 8UCIBANU acoyiayii
6akmepili (66,3%) ma HO MpembOMYy MUXHI 30X80PHBAHHA 8uUdinanu we U 2pubu pody Candida spp. ¥
2pamHe2amueHili ¢aopi, UCiAHIl i3 paHO80I No8epxHi onikie, 0OMiHysanu HepepmeHmMyrodi naauyku A. baumannii
ma P. aeruginosa. Peyasmamu aHOAi3y 4ymaugocmi MikpoopzaHiamis, sudineHux 8id Xx8opux i3 onikogor
X80p060t0, 00 AHMUbIOMUKI8 NOKA3A/U, WO NPAKMUYHO BCi BUCIAHI Kybmypu byau nosipe3ucmeHmHuMU.

BucHoeku. Ceped sudineHux 36y0HUKIi8 2HilIHO-3aNANbHUX YCKAAOHEHb ONiKOBUX PAH nepesaxcaau
2pamMHe2amMueHi Mikppop2aHi3mMu, Wimamu HegpepmeHmMyrYux 6akmepiti, ceped 2pamno3umMuUeHuUX - 3010mucmi
cmaginokoku. Halibinbw 3Ha4ywi KAiHIYHI Wmamu 6yau 8UCOKO nosipe3ucmeHmHUMU 00 aHMubiomucis.

K/TFOUOBI C/IOBA: Ma3Ku 3 OoNiKOBMX paH; WITaMU MiKpoopraHiamiB; aHTN6GioTnKN;
Pe3nNCTeHTHICTb.
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ONCOPLASTIC CONE-SHAPED REMOVAL OF MELANOMA IN SITES
WITH LIMITED SKIN RESOURCES

I. Y. Galaychuk
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. According to the existing recommendations of the NCCN, 2-cm margins are optimal for surgical
excision of skin melanoma (SM).

Objective. A method of cone-shaped oncoplastic surgery of SM in sites with limited skin-plastic resources
is presented.

Methods. In the study 30 patients (11 men, 19 women) underwent cone-shaped removal of primary SM on
arm and shin, epigastria and subclavicular sites. Oncosurgical approach involves the following: primary SM is
excised with 2 cm margins around with transforming this round wound into conical using additional incisions;
then conical wound is closed by transverse displacement of lateral skin-fatted flap. The postoperative seam looks
like hook-shaped line. SM thickness is measured by sonography before surgery. Morphological verification is
obtained by cytological examination of smears after superficial scraping biopsy.

Results. Postoperative histology confirmed melanomas in all cases with “clear margins” in all surgical
specimens, and postoperative staging was as follows: pT2bNOMO - in 3 patients, pT2bN1-2MO0 - 4 patients,
pT3bNOMO - 9 patients, pTAbNOMO - 7 patients, and pT4bN1-2MO0 - in 7 patients. Partial marginal necrosis of
displaced flaps was of 4 patients (13.3%). There were no recurrences of melanoma at site of postoperative scar.
3-years disease free survival (DFS) rate was 76.6%, and 5 years DFS rate - 60.0%.

Conclusions. Cone-shaped radical excision of primary melanoma is an appropriate surgery for patients
with SM on the forearms, shoulders, epigastria and subclavicular sites and legs. The one-step oncoplastic radical
surgery without intermediate biopsy prevents local recurrence in site of surgery as well as iatrogenic metastasis

to regional lymph nodes.

KEYWORDS: skin melanoma; surgical margins; oncoplastic surgery.

Introduction

Surgery of primary cutaneous melanoma is
very important because radical surgical elimi-
nation of clinically visible melanoma is the main
treatment method to which various adjuvant
methods are added. Recently, a revolution in
the systemic treatment of melanoma took
place. Successful development of immuno-and
targeted therapies has changed the context of
melanoma treatment in general. However, sur-
gical resection is an important treatment consi-
deration even in the systemic therapy era [1-3].

Over the last two decades, a number of cli-
nical studies have been conducted to determine
the extent of surgical removal of primary cuta-
neous melanoma. There was no consensus

*Corresponding author: Igor Galaychuk, Professor, I. Hor-
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regarding optimal surgical excision margins.
The removal limits of a 1-cm versus 3-cm, a
1 vs 2-cm, and 2 vs 4-cm, etc. have been com-
pared. It is established that a 2 cm excision
margin of localized cutaneous melanoma is
adequate and safe for patients [4-6].

The recommendations by the NCCN in the
Principles of surgical margins for wide excision
of primary melanoma are the same: if tumor
has thickness 1-2 mm - the clinical margins
should be 1-2 cm, if thickness 2-4 mm - margins
2 cm, and if thickness >4 mm - margins 2 cm
[7]. However, the patients diagnosed with shave
and punch biopsy techniques are significantly
more likely to have positive margins on the wide
local excision specimen [8]. Otherwise, wide
excision sites require reconstruction with a skin
graft or local flap at all locations, especially the
extremities and head and neck. Also, in these
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cases the rate of perioperative surgical adverse
eventsincreases as well as wound complications
[4, 6, 9]. Therefore, oncoplastic surgery for
melanomain areas with limited plastic resources
is still relevant.

Thus, a method of cone-shaped oncoplastic
surgery of melanoma in sites with limited skin-
plastic resources (arm, shin, epigastria and
other) is presented in the study.

Methods

A design of radical surgery with full plastic
replacement of surgical wound is shown on
Fig. 1. When planning the operation, the
margins of wide removal of melanoma are
marked on the skin with the tumor location in
the center of a circle (0') with radius r,. A line
0'0o (0'0=2.5r,) is drawn along the axis of the
limb. The cone is formed by drawing the lines
OD and OE. The transverse flap is marking as
two adjacent arcs from the base of the cone -
one arc of a circle of radius r, (r,=4/5 r,), the
second arc of acircle of radius r; (r;=3/5r,). The
cone-shaped melanoma removal procedure is
planning within OECD figure. Then, the tissue
flap separated along perimeter OEBAFO moves
in the oblique-transverse direction towards to
the edge (OD) of the surgical wound so that the

Fig. 1. Surgery design.

flap arc with radius r, closes the main surgical
wound (r,), and the flap arc r, cover the place
of the displaced flap r, [18].

The stereometric design of the surgery may
vary slightly depending on the location of a
melanoma and the volume of soft tissue in the
area.

Clinical cases:

Fig. 2. Patient R., 58 years old, female; skin melanoma pT2bNOMO, stage IIA. Disease free survival (DFS) -

7 years (2014-2021).

b)

Fig. 3. Patient B., 43 years old, female; Skin melanoma pT2bN2cMO, stage IIIB. DFS - 5 years. (2013-2018).

(=p]
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Fig. 4. Patient M., 56 years old, male; Skin melanoma pT4bNOMO, stage IIC. DFS - 9 years (2007-2016); right
axillary lymph nodes dissection of melanoma metastases in 2016; no disease recurrence up to the end of 2021.

Cone-shaped operation was performed in
30 patients with primary skin melanoma. There
were 11 males and 19 females aged from 30 to
75. The sites of cutaneous melanoma: forearm -
4 cases, shoulder - 5, shoulder joint - 3, epi-
gastria - 3, subclavicula -4, and shin - 11 cases.
The study was approved by the Ethical Com-
mittee of I. Horbachevsky Ternopil National
Medical University, and accordingly, the pa-
tients provided a written informed consent.

The algorithm of preoperative diagnosis
consisted of clinical evaluation of pigmented
lesions, dermoscopy in case of superficial
spreading melanomas, and ultrasound measu-
rement of melanoma thickness (in vivo) with
sonography of regional lymph nodes. Chest/
abdomen staging CT was performed for pa-
tients with node-positive disease. Morphological
verification of melanoma was obtained by
superficial scraping biopsy with cytological
examination of smears. The preoperative diag-
nosis of melanoma was consistent with the
clinical cTNM classification.

In practice, the surgery is carried out in the
way according to Fig. 2a, b. After marking, a
scalpel at a distance of 2 cm from the edge of
the melanoma cut the skin and subcutaneous
fat perpendicularly. The conical skin-fatted flap
is removed along with the superficial muscular
fascia and then the edges of the wound are
mobilized around its perimeter. Next, at the
base of the cone with a scalpel an oblique cross-
sectional wave with two arcs of larger and
smaller radius are made. This skin-fatted flap
above the muscular fascia continues to be
mobilized, and then the mobilized tissue in the
oblique-transverse direction is moved to the
opposite edge of the conical wound, sutures and
drainageare put.Asaresult of plasticreplacement
of surgical wound the hook-like seam occurred;
its longer part is located along the axis of the

limb and the shorter one - across it (Fig. 2c).
Healing usually takes place by primary tension.

Results

Histological examinations, which were per-
formed after radical surgery, confirm mela-
nomas in all cases. Also, the “clear margins”
were confirmed in all surgical specimens. Dis-
tribution by Breslow thickness: pT2b - 7 me-
lanomas, pT3b - 9, and pT4b - 14; by Clark’s
invasion: level III - in 11 specimens, levels IV -
12, and levels V - 7. Lymph node metastases
(N1 and N2) were confirmed histologically after
lymph nodes dissection in 11 patients.

Postoperative staging was as follows:
pT2bNOMO - in 3 patients, pT2bN1-2M0 - 4
patients, pT3bNOMO - 9 patients, pT4AbNOMO - 7
patients, and pT4bN1-2MO0 - 7 patients.

Local complications: partial marginal
necrosis of the displaced flaps was evidenced
in 4 elderly patients (13.3%). There were no
recurrences of melanoma at the site of posto-
perative scar.

A 3-year disease free survival (DFS) rate was
76.6% (23 patients), and a 5-year DFS rate -
60.0 % (18 patients).

This method of melanoma removing has
shown its effectiveness not only in the extre-
mities, where there is usually a lack of plastic
resources, but also in sites where bone contours
(e.g., costal arch, clavicle) limit plastic wound
closure by the method of Limberg. In general,
the method of radical removal of melanoma
with the formation of a cone-shaped surgical
wound has proven its effectiveness. Despite the
fact that a larger surgical wound is formed, it
is possible to plastically close this wound with
adjacent tissues using their transverse displa-
cement. Thus, this type of radical surgery allows
obtaining satisfactory cosmetic and functional
results.
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Discussion

The discussion about surgical margins of
melanoma lasts for several decades including
many clinical trials. However, the same me-
thodological principles were inherent for all
these clinical studies: biopsy is the first surgery,
and next surgery is wide local excision (WLE) of
postbiopsy scar. According to the published
results and recommendations of the AAD,
ESMO and NCCN, the primary melanoma
should be removed by excisional biopsy within
1-3 mm from the edge of the tumor using local
anesthesia[7, 10, 11]. The WLE is recommended
after complete histological examination of the
biopsy-removed melanoma. Moreover, it takes
4-6 weeks between two surgeries. In our opinion,
the second surgery at distance 2.0 vs 4.0 cm
(or 1 vs 3 cm) has nothing with melanoma for
the simple reason that it (melanoma) has
already been removed 4-6 weeks earlier. In fact,
the linear post-biopsy scar is excised during the
second operation. Usually the pathologist does
not detect signs of melanoma in fresh scar
tissue.

Thus, with this methodological approach,
we can predict that results of treatment will not
differ. Indeed, there were no significant diffe-
rences in melanoma-specific and overall
survival of the patient groups comparing the
wide (3-5 cm) and narrow (1-2 cm) margins of
biopsy-scar removing. The overall local re-
currences including in-transit metastases were
remarkably similar between 1 cm and 3 cm
groups [4, 5,9, 12, 13].

Such data were obtained in most clinical
studies from 2001 to 2019. This creates illusion
that the surgical margins for removal of primary
melanoma do not matter (2.0 or 4.0 cm; 1.0 or
3.0 cm), because the survival rate in the
comparative groups is just about the same [4,
6, 12, 14, 15]. However, in 20-35% of patients
with stage Il melanoma (pT2b, pT3a/b, pT4a/b)
metastatic lesions in regional lymph nodes
were evidenced during the second surgery [4,
16, 17], which indirectly confirmed the fact that
excisional biopsy may affect development of
locoregional metastases.

Our clinical study shows the true surgical
margins in excision of primary melanoma. In
these cases, the term oncosurgical is used to
refer the one-step radical removal of skin
melanoma compare to the dermatological
approach [19].

What do we gain from the oncosurgical
approach? The first surgery with full plastic
replacement of surgical wound becomes a
radical surgery of primary melanoma. We get
rid of two-stage surgery with an interval of 4-6
weeks; the time of treatment is reduced, which
has a positive effect on the emotional state of
the patient.

Primary WLE of melanoma most likely
involves microsatellites; that is why there were
no recurrences at the postoperative scar in the
study, while the incidence of local recurrence
for shave, excisional, incisional, and punch
biopsy was 4.9%, 6.5%, 14.3%, and 6.1 %
respectively [8]. In addition, primary WLE de-
creases the iatrogenic dissemination of malig-
nant cells into regional lymph nodes compare
to excisional biopsy under local anesthesia.
However, the careful ultrasonic monitoring of
the regional lymph nodes should be carried out
during the follow-up of these patients.

Conclusions

This clinical experience shows that cone-
shaped radical excision of cutaneous melanoma
is a reasonable surgery for patients with me-
lanoma on the forearms, shoulders, epigastria
and subclavicular sites and legs.

From the edge of the primary melanoma it
is necessary to make a 2 cm marking for a wide
local excision of this melanoma. The one-step
oncoplastic radical surgery of primary mela-
noma without the intermediate biopsy prevents
local recurrence in the site of surgery and also
it prevents iatrogenic metastases to regional
lymph nodes.

Decision making for radical resection of
primary skin melanoma may be based on its
cytological verification and ultrasound measu-
rement of melanoma thickness in vivo.
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PAUKAJIBHE KOHYCOIIOAIBHE BUJAJIEHHA MEJIAHOMH B MICIIAX
3 OBME’XEHUMMU INTACTHYHHUMHU PECYPCAMH HIKIPH

I. . FTanaiiuyk
TEPHOML/IbCbKUV HALTOHAJIbHUM MEAWNYHWIA YHIBEPCUTET IMEHI I. 5. FOPBAYEBCHKOIO MO3 YKPAf/:/I/I,
TEPHOIIL/b, YKPAIHA

BcTyn. BionogidHo 00 icHyto4ux pekomeHoayiti NCCN, 2-caHmumemposi Kpai pesekyii € onmumManbHUMU
0415 Xipyp2iyHo20 8udasneHHsA MeaaHomu wkipu (MLL).

MeTa. llpedcmasumu Xipyp2iyHy MemoouKy padukanbHO20 KOHYconodibH020 8UOA/IEeHHSA MeAaHOMU 8
Micysx 3 06MeXeHUMU NAACMUYHUMU pecypcamu WKipu.

MeTtopn. ¥ 30 xgopux (4o. - 11, 4CiH. - 19) 3acmocosaHo MemoduKy KOHyconodibHo20 8UOANEHHSA NePBUHHOI
MLLI, 10Kai308aHOI HO 8EPXHIX | HUXCHIX KiHYigKaX, enizacmpii ma niokatovu4HuUX 0inaHkax. Memoduka onepayii

noasz2ana 8 momy, wo MLL supizanu 3 2-cM Kpasmu pe3ekyii Ha8K0/10, ymeopeHy okpy2ay onepayiliHy paHy 3a
donomoz20t0 d00aMKO8UX pO3pizie nepemeopro8anu 8 KOHiYHY. [laacmuyHe 3aKpumms KOHIYHOI paHu
30iliCHIB8ANU WAAXOM NONEPeYHO20 3MiujeHHA 6iYHO20 WKIPHO-#UpP0o8o2o kaanms. [licas naacmuku paHu
ymeoptogasca 2a4konodibHull nicisonepayiltiHuli wos. eped onepayieto moswuHy ML sumiprosanu 3a
donomozoro Y3/, a Moppon02ivyHy 8epudikayito ompumysanu WAAXOM YUmMOon02iyHo20 00CNiOHEHHS MA3Ki8 3
noeepxHi MeaaHoOMU.

PesynbTaTtw. flicagonepayiliHi 2icmono2iyHi 00cnidxnceHHA nidmeepouanu HASIBHICMb MeAaHOMU 8 YCixX

8UNAOKAX i3 «4UCMUMU KpaaMu pe3sekyii» y 8cix XipypeiyHux 3paskax. byau ecmaHoesneHi HacmynHi cmadii

3ax80pto8aHHA: pT2bNOMO - y 3-x xgopux, pT2bN1-2MO - 4 xgopux, pT3bNOMO - 9 xgopux, pT4bNOMO - 7 xgopux
ipT4bN1-2MO0 - 7 xeopux. Yacmkosuli kpaliosuli Hekpo3 3miujeHux kaanmie 6ys giomiveHul y 4 xeopux (13,3%).
Peyudusie MenaHomu 8 dinaHyi nicisonepayiliHoz2o pybys He 6y/a10 NPOMA20M YACY CNOCMepPeXeHHS. 3-piyHa
6e3peyudusHa 8UXUBAHICMb cmaHosuna 76,6%, a 5-piyHa - 60,0%.

BUCHOBKW. PadukasbHe KOHYconodibHe 8UCiYeHHs nepeuHHOI MenaHOMU € QOYiNbHUM XipypaiYHum
8MPYYAHHAM y X80pUX 3 noKanizayieto ML Ha nepednaivysx, nae4yax, enieacmpii ma niokAYUYHUX OiNAHKOX
i 2ominkax. OOHOeMaNHA OHKONAACMUYHA paduUKa/aALHA onepayis 6e3 npomidxHoi 6ioncii yHeMoxuearoe
BUHUKHEHHS I0KA/bHO20 peyudusy MeaAaHOMU 8 OifAHYi onepayii, a makox 3anobicae Ampoz2eHHoOMY
MemacmasyeaHHo 8 perioHapHi fimpamuyHi sy3au.

KJ/TFOUOBI C/IOBA: menaHomMa LUKipU; Kpai pe3eKLiii; oHKonnacTU4Ha onepadis.
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CASE REPORT ON RARE OUTCOME OF A RETROPERITONEAL MASS:
MANAGEMENT CHALLENGES AND LESSONS LEARNT

V. V. Nair, P. Sharma, *N. Rajendran, S. Raja, P. P. Rao, R. Mehta
ARMED FORCES MEDICAL COLLEGE, PUNE, MAHARASHTRA, INDIA

Background. Gastrointestinal stromal tumours (GIST) are non-epithelial mesenchymal solid neoplasm with
varied presentation. The study reports the case of a retroperitoneal GIST in a 21-year-old male presented with
an abdominal lump for six months. The lesion was initially thought to be a retroperitoneal sarcoma. Exploratory
laparotomy revealed an abdominopelvic mass covering the entire right side of abdomen and pelvis. The tumour
was adherent to the terminal ileum and ascending colon. There were dense adhesions between the retroperitoneum
with involvement of the middle third of the right ureter. The tumour was resected with right hemicolectomy with
ileotransverse anastomosis. Post-operative histopathology revealed it as high-grade spindle cell type GIST. The

patient is presently on post-operative chemotherapy with Imatinib mesylate.
Objective. Atypical presentations of GIST are seldom discussed but frequently encountered in clinical practice.
This article depicts different challenges the surgeon has to face while diagnosing such atypical entity.
Methods. Case report of atypical GIST presenting as retroperitoneal lump.
Results. The patient underwent surgical resection and is presently on post-operative chemotherapy with

good overall outcome for a one year follow up.

Conclusions. GISTs presenting as retroperitoneal lumps are very rare, they should be considered in their
differential diagnosis of an atypical retroperitoneal mass.
KEYWORDS: GIST; atypical presentation; retroperitoneal tumour; abdominal lump.

Introduction

Gastrointestinal stromal tumours (GIST) are
intra-abdominal benign mesenchymal neo-
plasia arising from the interstitial cell of Cajal.
The most common sites are the stomach and
the intestine. Mostly GIST presents as a slow-
growing intra-abdominal mass appreciated as
a lump abdomen. They can also present as
gastrointestinal bleed or intestinal obstruction.
However, there are many incidences where they
present atypically. This article is about the
diagnostic challenges and analysis of various
rare presentations of GIST.

Case Report

A 21-year-old male presented with a
6-month history of lump abdomen in the
umbilical and right lumbar region. The lump
was insidiousin onsetand gradually progressive.
There was no history of vomiting, constipation
or obstipation. He also denies any history of
*Corresponding author: Nagamahendran Rajendran, Clinical
Tutor, Department of Surgery, Armed Forces Medical College,

Pune, Maharashtra, 411040, India.
E-mail: nagaa.mahendran@gmail.com

trauma to the abdomen. There were no hepatic
or urinary complaints. On clinical examination
a nontender, smooth surfaced firm 20x15 cm
lump was palpated in the right lumbar region
extending to the umbilicus crossing 3 cm lateral
to the midline. The lump was fixed to retro-
peritoneum. There was no palpable hepato-
splenomegaly, and digital rectal examination
was normal.

The patient underwent extensive preope-
rative investigation for diagnosis. On admission
his haemoglobin was 13.5 g%, Total leukocyte
count was 6.200/mm3with a normal differential
count, platelet count and coagulogram. The
random blood sugar was 98 mg%. The renal and
liver function tests were normal. The abdomen
ultrasonogram revealed large heterogeneous
mass of 16x11.4 cm in the pelvis region on the
right side. Possibility of Lymphoma / lym-
phoproliferative disorder should be ruled out.
Mild fullness of pelvicalyceal system on right
side and mild hepatosplenomegaly presented.
Keeping a working diagnosis of a retroperito-
neal tumour, a contrast enhanced computerised
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tomography scan revealed 13.2x9.9x13.4 cm
round to oval, predominantly isodense lesionin
lower abdomen and pelvis (Fig. 1).

Ontherightside, it appeared to involve the
mesentero-peritoneal space. Patchy mesenteric
fat stranding was seen. Mass effect with dis-
placement of bowel loops and indentation of
urinary bladder was evidenced. Another
3.2x3.1x9.7 cm iso to hyperdense lesion was
present predominantly in iliopsoas muscle. An
ill-defined isodense lesion of 2.2x1.3x1.2 cm
was revealed in subcutaneous tissue of anterior
abdominal wall in right paraumbilical region.
Multiple sub centimetric sized mesenteric
lymph nodes was seen. Posterior end of left
lower ribs appeared thickened and showed mild
deformity. The tumour was locally aggressive
with multiple intramuscular, and subcutaneous
enhancing nodular lesion was revealed. Non
enhancing hyperdense band like lesions was
evidenced in iliacus and paraspinalis muscles.
There was an Expansile lesion of the 7" and 8
ribs on the left side. The differential diagnosis
of desmoplastic fibroma/fibrous dysplasia of
the retroperitoneum was contemplated. Fine
needle aspiration cytology from the lesion
showed no evidence of malignant cells.

A CT angiogram further revealed the same
locally aggressive lesion in right lumbar and
iliac region with extension into pelvis. The
arterial supply of the lesion was seen to arise

Fig. 1. GIST ** CECT Abdomen and pelvis showing
predominantly solid abdominopelvic mass measur-
ing 10x15x16 cm with heterogeneous enhancement.
Right sided Grade III hydroureteronephrosis noted.

from hypertrophic ileo-colic-right colic trunk.
The diameter of ileo colic - right colic trunk at
origin was 4 mm. A CT guided Trucut biopsy
revealed histomorphological features sugges-
tive of spindle cell tumour of borderline ma-
lignant potential (Fig. 2).

On exploratory laparotomy there was an
intrabdominal mass covering the entire right
side of abdomen and right side of pelvis
(Fig. 3).

Fig 2. GIST ** A&B: H&E stained section shows interlacing benign spindle cells embedded in myxoid
stroma; C&D: Immunohistochemical staining with C kit antibody showing cystoplasmic positivity.
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Fig 3. GIST ** A: Preoperational image showing abdominopelvic lump in lateral view; B: Intra pic showing
13x13 ¢cm hard lump; C: Intra op pic showing Right ureter with hydronephrosis; D: Resected specimen
showing terminal ileum and transverse colon along with the lump.

The tumour was adherent to the terminal
ileum and ascending colon. The tumour was
resected with right hemicolectomy and ileo-
transverse anastomosis. There was dense
adhesion between the retroperitoneum with
involvement of right middle ureter. The invol-
ved part of right ureter was resected and re-
anastomosed with double | stent (Fig. 4).

On the 5% postoperative day, the patient
developed increased frequency of stools, which

Fig 4. Post op X-ray Pelvis showing Right sided
double J stent in place.

subsided over next few days. He was discharged
in 10 days with initiation of chemotherapy with
tablet imatinib mesylate 400 mg once daily.

The post-operative specimen Histopathology
showed Gastrointestinal stromal tumour,
spindle cell type, high grade, pT4ANOMx. On
immunohistochemistry DOG 1 and CD 17 were
positive. CD 34, Desmin, S100 and SMA were
negative. Ki 67 score was 8 to 10%. Cut end of
the left ureter showed small focus of tumour
abutting the adventitia wall. On the follow up
in 30 days, the abdominal wall wound healed
well and chemotherapy was tolerated without
any side effects. DJ stent was removed in six
weeks. Review ultrasound examinations over
three and sixth month showed no recurrence
of growth. Presently the individual has got back
to the normal life activities and is perusing a
master’s course in university.

Discussion

The largest series of retroperitoneal GIST
reported in literature comes from Miettinen
et al. [1]. They analysed data for a period of 26
years and studied 112 cases of retroperitoneal
GIST. Equal incidence was evidenced in both
sexes and more common in the elderly po-
pulation. Avast majority of these tumours were
from extraintestinal site with 35 cases from
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unspecific sites. All tumours were positive for
immunohistochemistry markers for GIST.

Regarding the analysis of the unusual
presentation of GIST, many articles are available
in the literature. Raja et al. reported a case of
GIST presenting as intra peritoneal bleed in a
31-year-old male [2]. The highly malignant
nature of the GIST caused ulceration and bleed
into the peritoneal cavity and presenting as
hemo peritoneum.

Sometimes GIST arising from the retro-
peritoneum presents with nonspecific symp-
toms of vomiting, weight loss, low grade fever,
anaemia and asthenia. There will be no mass/
lump palpable in the abdomen. Thus, imaging
technique and biopsy will reveal mass retro-
peritoneum classified as extraintestinal GIST
(E-GIST). Yan et al. reported one of the rare
occurrences of pancreatic GIST [3]. This was
one of the first two such cases reported in the
literature. The diagnosis was made by tissue
biopsy using endoscopic ultrasound. A malig-
nant GIST was similarly diagnosed by Rao et al.
as a growth in the head of pancreas in a 40-year-
old patient [4]. Similarly, Harindhanavudhi et
al. [5] reported GIST presenting as haemorrhagic
cyst in the head of pancreas.

Another rare location with varied presen-
tation for retroperitoneal GIST is duodenum.

The largest series was by Vassos et al. [6]. In
their 1-year review of 13 patients this site was
amenable to surgical resection. Both local
excision and pancreaticoduodenectomy
showed comparable results in experience
centres. This article also stressed the use of TKI
imatinib mesylate in overall long-term prog-
nosis.

Gorelik et al. [7] reported another rare
presentation of GIST. The patient presented in
bacteraemia with liver abscess. The unusual
presentation arose from a fistula between the
small intestine and the tumour. Similarly Virgilio
et al. [8] studied 15 cases of GIST presenting as
mass in the inguinal canal.

Finally, in the review of literature by Gupta
[9] 9 cases of gall bladder GIST were reported.
These symptoms may be presumed as a sign
of mimic cholangitis and are often seen in wo-
men. Almost all of these tumours are malignant
and require urgent surgical excision.

Finally, a similar case was reported by
Ashoor et al. [10] as an incidental finding in a
67-year-old man reported for benign prostrate
hyperplasia. The tumour measuring 15 cm was
arising from the retroperitoneal aspect of right
inguinal fossa. This is the last presentation of
incidental findings in radiological evaluation for
other problems in this study.

Table 1. Some of the varied presentations of GIST are as tabulated further down

SURGICAL DISEASES

No. | Year Topic Author Presentation

A) | 2014 | Atypical Presentation of Gastrointestinal Kalpana Raja etal. |Hemangioma
Stromal Tumours: A Case Report

B) | 2020 |Atypical presentation of gastrointestinal Ram Prakash Gastric cyst
stromal tumor as multiple intra-abdominal Gurram et al.
cysts: a case report

C) | 2004 | Atypical presentation of gastrointestinal Ke Kang Sun etal. |Intra-abdominal
stromal tumor as multiple intra-abdominal cyst
cysts: a case report

D) | 2015 | Atypical presentation of gastrointestinal Ameet Kumar et al. |Duodenal cyst
stromal tumor masquerading as a large
duodenal cyst: a case report

E) | 2019 |Unusual presentation of a large gist in an Arwa Ahmed Ashoor |Jejunal mesentry
extraintestinal site: a challenging diagnosis etal.
dilemma

F) | 2018 | An Ulcerated Ileal Gastrointestinal Stromal Ashish Lal Shrestha |Ileal GIST presen-
Tumor Disguised as Acute Appendicitis etal. ting as appendicitis

G) | 2017 |Ileal gist presenting with bacteremia and liver | Gorelik et al. Bacteraemia with
abscess: a case report and review of literature liver abscess

H) | 2021 |Inguinal gist: a systematic literature review of | Virgilio et al. Mass in the
primary and metastatic cases inguinal canal

I) | 2014 | Malignant extra-gastrointestinal stromal tumor | Yan et al. Pancreatic gist
of the pancreas: report of two cases and
review of the literature

J) | 2019 | Gallbladder gist: a review of literature Gupta et al. Gall bladder gist

~
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Conclusions

Gastrointestinal stromal tumours are
mostly benign neoplasm arising from gastro-
intestinal tissues. They seldom become malig-
nant and metastasis is rare. There are many
atypical variations in clinical presentation for
these tumours. The surgeon always needs to
keep this diagnosis in mind while evaluating
atypical cases of intra-abdominal or retroperi-

Limitations

Single centre study.
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K/ITHIYHHUA BUIIAIOK PIAKICHOTO 3AOYEPEBMHHOI'O YTBOPEHHSI:
TPYAHOIII JIIKYBAHHA TA HABYTHUH JOCBI/

V. V. Nair, P. Sharma, *N. Rajendran, S. Raja, P. P. Rao, R. Mehta
ARMED FORCES MEDICAL COLLEGE, PUNE, MAHARASHTRA, INDIA

Bctyn. LUayHkogo-KuwKo8i cmpomansHi nyxauHu (LLKCI) — ye HeenimeniansHi me3eHXiManeHi conioHi
HOB0YMBOPEHHS 3 PI3HOMAHIMHUMU NpoA8AMU. Y YbOMy 00CNiOHEeHHI ONUCAHO 8UNAOOK 3a04YepeguHHOI LLIKCIT
Y 21-pi4H020 40s108iKa, ¥ IKO20 NPOMA20M Wecmu Micsyie cnocmepizanacs npunyxaicme 8 AiNsHYi xusoma.
YmeopeHHs cnoyamky e8axcasu 3a04epesuHHOH CapKOMOK. JiazHOCMUYHA 1aNapOMmMOoMis 8UA8U/A YepesHO-
ma3o8y nyxAuHy, W0 0XON/AK8A/aA 8CH NPasy 4acmuHy xueoma ma masa. [lyxauHa 6yna cnasHa 3
mepMmiHaneHUM 8i00inom Kny6080i ma 8ucxioHOI 06000801 KUWKU. BUHUKAU WinbHi cnaliku M 3004epe8uHHUM
NnpocmMopoM i3 ypaxceHHAM cepedHbOi mpemuHU NPago20 ce4o80ody. [TyxaUuHy 8UOANEHO 3 NPABOCMOPOHHLOK
2eMIiK0/s1eKmMoMI€ro 3 if1e0-nonepeyHUM aHacmomo3som. [licasionepayiliHa 2icmonamosoz2ia nokasana, wo ye
gepemeHokniMuHHa LLIKCIT eucoko2o cmyneHsi OupepeHyiro8aHHS. 3apa3 nayieHm npoxodums nicasionepayitiHy
XiMiomepanito iMamuHiby me3unamom 8 mabaemkax.

MeTa. Amunosi nposeu LLIKCIT pioko 062080prH0MbCA, Q1€ 4aCmo 3ycmpiyaromscs 8 KAiHiYHil npakmuyi.
Lis cmamms onucye pi3Hi npobsiemu, 3 SKUMU 00800UMbCS 3ycmpiyamucs Xipypay hid Yac diazHoCmMuKU makozo
Hemunog8o20 ymeopeHHs.

MeToawn. Onuc eunadky amunogozo LLKCII, skuli nposiensecs y 8u2as0i 3ao4epesuHHOI npunyxaocmi.

Pe3synbTaTu. llayieHmy 6yna npogedeHa XipypaiyHa pe3ekyis, 3apa3 8iH ompumye nicasonepayiliHy
XiMiomepanito 3 XopowuM 302016HUM Pe3ybmMamom nicas PoKy cnocmepexeHHs.

BucHoBKW. LLIKCTI, siki nposiensomecs y 8u2As0i 3004epesUuHHUX ymeopeHs, 3ycmpidaromecs dyice pioko,
ix c1id epaxosysamu npu dupepeHyiansHili diazHoCMUYi amunoeoi 3a04epe8uUHHOI NYXAUHU.

K/TKOYOBI C/IOBA: LLUKCI; aTnnoBe nosio)KeHHs; 3ao4epeBMHHA NYXJINHA; YLLi/IbHEHHSA B )KNBOTI.
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Background. Diagnosing acute appendicitis correctly in a female patient is a challenge for a practicing
surgeon. Rate of misdiagnosis of acute appendicitis is very high among female patients. There are many studies
carried out to find incidence of acute appendicitis as per various phases of menstruation cycle but the results
were conflicting.

Objective. The study was conducted to find the relationship of acute appendicitis with the different phases
of the menstruation cycle.

Methods. This research was an observational study carried out in two regional hospitals in northern and
north-eastern part of India. Duration of study was 24 months between 017 June 2019 and 31 May 2021. Inclusion
Criteria were for all female patients, non-pregnant and menstruating, who were histopathologically confirmed
as acute appendicitis. All pathologically proven negative appendectomy patients were excluded from this study.
All female patients taking oral contraceptive pills (OCP) were excluded from the studly.

Results. A total of 96 females were hospitalized in both hospitals during the study period; 12 of them did
not attain menarche (12.5%), 6 had menopause (6.3%) and 78 were menstruating (81.25%). Of those 78 patients,
who had physiological menstrual cycles, 6 were in menstrual phase (7.6%), 18 were in proliferative phase (23%),
and 54 in luteal phase (69.2%). In our study, there were only 6 cases of acute appendicitis during menstruation.
therefore, the expected ratio of cases was 6/14=0.42. The corresponding expected rate for the proliferative phase
was 2.78x9=25 cases, whereas for the luteal phase it was 2.78%14=38.92. The expected ratio was 18/25=0.72 for
the proliferative phase and 54/39=1.38 for the luteal phase. There was a significant increase in number of cases
of acute appendicitis among the menstruating women in luteal phase with p value <0.05. Mean age of the study
participants was 28.31+9.56.

Conclusions. According to the result of the study, the incidence of acute appendicitis significantly differs in
different phases of menstruation cycle with highest incidence in luteal phase. Hence, female hormones (estrogen
and progesterone) are significant in causing acute appendicitis.

KEYWORDS: acute appendicitis; menstruation phase; proliferative phase; luteal phase.

Introduction

Diagnosing an acute appendicitis in female
patientsis a challenge for a practicing surgeon.
The rate of misdiagnosis is comparatively high
in female patients especially in reproductive
age group. The lifetime risk of appendicitis is
6.7% for females [1]. Diseases of the female
internal reproductive organs that may
erroneously be diagnosed as appendicitis in
approximately descending order of frequency
include pelvic inflammatory disease, ruptured
*Corresponding author: Thokchom Bishwayjit Singh, Assistant
Professor (General Surgery), Department of Surgery, Military

Hospital, Haryana, 133001, India.
E-mail: bishwajitsingh6068@gmail.com.

graffian follicle, twisted ovarian cyst or tumor,
endometriosis and ruptured ectopic pregnancy
[1]. Timely diagnosis and early treatment can
prevent complications associated with the
disease. The sonographic diagnosis of acute
appendicitis has reported sensitivity of 55% to
96% and a specificity of 85% to 98% [1]. Ap-
pendicitis is also associated with gastrointestinal
symptoms like nausea (sensitivity, 58%; spe-
cificity, 36%), vomiting (sensitivity, 51%; speci-
ficity, 45%), and anorexia (sensitivity, 68%;
specificity, 36%) [1]. Gastrointestinal symptoms
that develop before the onset of pain suggest
a different etiology such as gastroenteritis [1].
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The ratio of cases of appendicitis to cases
of pelvicinflammatory disease is low in females
in the early phase of the menstrual cycle and
high during the luteal phase [1]. Many studies
showed different results. Arnbjo rnsson et al.
showed that appendicitis is more common
during the luteal phase of the cycle [2] whereas
Robinson et. al. showed that acute appendicitis
is equally common in all phases of the cycle [3].
The aim of the current study was to find out the
relationship of acute appendicitis to mens-
truation cycle.

Methods

This study was an observational study
carried outin two regional hospitals in northern
and north-eastern parts of India. The study was
aimed to assess the relationship of phases of
menstruation cycle to acute appendicitis.
Duration of study was 24 months between
01 June 2019 and 31 May 2021.

Inclusion Criteria: all female patients, non-
pregnant and menstruating, who were his-
topathologically confirmed as acute appen-
dicitis.

Exclusion Criteria: all pathologically proven
negative appendectomy patients were excluded

Fig. 1. Phases of menstruation cycle.

from this study. All female patients, who were
consuming in OCP, were excluded from the
study.

Menstrual cycle was divided into 3 phases:

1. Menstruation phase; 2. Proliferative
phase; 3. Luteal phase.

Duration of two phases was considered as
constant (a) menstruation phase: 05 days of
menstruation in physiological cycle from the
beginning of bleed; (b) luteal phase: last 14 days
of cycle (calculated retrospectively 14 days from
the first day of menstruation bleed of next cycle
excluding the day 1 of bleed). Hence, the period
of proliferative phase was variable. It was also
considered that ovulation occurred at the 14t
day of the cycle.

Results

A total of 96 females were hospitalized in
both hospitals during the study period (Table 1);
12 of them did not attained menarche (12.5%),
06 had menopause (6.3%), and 78 were mens-
truating (81.25%). Of those seventy-eight pa-
tients, who had physiological menstrual cycles,
6 were in menstrual phase (7.6%), 18 were in
proliferative phase (23%), and 54 - in luteal
phase (69.2%).

B Menstruation phase: 5 days
M Proliferative phase: [n-(5+14) days]
m Luteal phase: 14 days

M Total days in a Cycle: n days

Table 1. Acute appendicitis cases (total number and percentage)
as per phases of menstruation

Number of females Percent
Not attained menarche 12 12.5
Menstrual phase 6 6.3
Proliferative phase 18 18.8
Luteal phase 54 56.3
Post menopause 6 6.3
Total 96 100.0
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Four out of seventy-eight acute appendicitis
cases (Table 2) in menstruating females were
complicated type, whereas none in non-menst-
ruating female group had any complications.

The expected daily occurrence of acute
appendicitis for patients with physiological
menstrual cycles (for a 28-day cycle) would have
been 78/28 = 2.78 cases/day. The expected rate
for cases of acute appendicitis during menst-
ruation (accepting that menstruation lasts for
5 days), would have been 2.78x5=14 cases. In
current study there were only 06 cases of acute
appendicitis during menstruation. The obser-

ved: expected ratio of cases therefore was
06/14=0.42. The corresponding expected rate
for the proliferative phase was 2.78x9=25 ca-
ses, whereas for the luteal phase it was
2.78x14=38.92. The observed: expected ratio
therefore was 18/25=0.72 for the proliferative
phase and 54/39=1.38 for the luteal phase.

There was a significant increase in number
of cases of acute appendicitis among the
menstruating women in luteal phase with p
value <0.05.

The mean age of the study participants was
28.31+9.56.

Table 2. Total complicated and non-complicated cases

Menstruating Non Menstruating Total
Complicated 4 0 4
Non Complicated 74 18 92
Total 78 18 96

Table 3. Observed frequency, expected frequency and P value with respect
to different phases of menstruation cycle

Phase of menstrual cycle Observed frequency Expected frequency P value
Menstrual 6 14
Proliferative 18 25 P value 0.034066
Luteal 54 39
Chi-square statistic 6.7589

Table 4. Mean, Median, Std deviation

and Ranges
Statistics
N |Valid 78
Mean 28.31
Median 28.00
Std. Deviation 9.558
Range 39
Minimum 13
Maximum 52

Discussion

The previous studies by Arnbjornsson [2]
and Eldar et. al. [4] reported that incidence of
histologically confirmed acute appendicitis was
less common during menstruation phase [1]
but the difference were not statistically sig-
nificant. On literature search before these cur-
rentstudies, there were conflicting observations.
Some studies [1, 4] showed higher incidence of
acute appendicitis in luteal phase whereas
some other [2] - in proliferative and menstrua-
tion phase. Another study by Robinson et. al.
failed to show any difference [3].

The study had established that there was a
significantincrease in number of cases of acute
appendicitis among the menstruating women
in luteal phase with p value <0.05. Similar result
was shown in the studies by Eldar et. al. The
cause of this significant raise in incidence of
acute appendicitis may be because of low
estrogen level and high progesterone level
modulating immune response and increasing
susceptibility for gut infections.

Souza et. al. [5] reported increased NK
activity in follicular phase as compared with
luteal phase. Progesterone receptors and pro-
gesterone induced apoptosis of NK cells and
suppresses IL-12-induced IFN-g production of
Killer Ig-like receptor (KIR)+ NK cells [6].
Whereas estrogen has been reported in many
studies to prevent B cell apoptosis, enhance
survival and activation of autoreactive cells [7],
and increase expression of CD4+ T cell che-
mokine receptors [8]. Estrogen exerts immune
regulation via estrogen receptors (ERs) on the
lymphocytes, and receptors for estrogen, pro-
gesterone, androgen, and glucocorticoid are
found in lymphoid organs and/or lymphocytes
[9, 10].
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Hall et. al described that concentrations of
progesterone fluctuated over the life course in
females, with increased concentrations at
puberty, cyclical changes during the menstrual
cycle, and a steady rise during pregnancy
followed by a sharp decline post-partum [11].
At menopause, concentrations steadily declined
to levels that are similar to those prior to
puberty [11].

Progesterone hormone level started rising
after ovulation on the 14t day of cycle and
reached its highest level during mid-luteal
phase (Fig. 2). Speroff et al. in his study
mentioned that serum levels of progesterone
fluctuate during the menstrual cycle with a peak
of 20 ng ml" during the luteal phase and the
nadir (<1ng ml') during the follicular phase
[12].

Progesterone generally inhibits inflam-
matory innate immune responses [11]. In vitro
studies by Hardy et. al. and Jones et. al. showed
that progesterone can suppress activation of
macrophages and dendritic cells [13, 14]. When
progesterone is bound to its receptor, it directly
interferes with the transcription factor nuclear
factor-kappa B (NF-kB) through transrepression
and inhibits gene transcription downstream of
the NF-kB pathway, including cyclooxygenase-2
to decrease inflammation [13, 15]. Progesterone
can also decrease inflammation by inhibiting
the production of proinflammatory cytokines
(e.g., TNF-a, IFN-g, and IL-12) and increasing

& 1B cases (1B.8% of
Cases Total cases)
(B.3%
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production of anti-inflammatory cytokines,
including IL-10 [14, 16].

Raised level of progesterone also suppresses
Th1 response and enhances IL-10 producing
Th2 cells. Miyaura et. al. in his study mentioned
that progesterone was established to suppress
Th1 response and enhance IL-10 producing Th2
cells [17]. Ehring et. at. in his study had showed
that progesterone suppressed immune func-
tions of T cells by a non-genomic mechanism,
which was the blocking of K* channel, Ca%
signaling and NF of activated T cells driven gene
expression [18]. Siiteri et. al. had demonstrated
in vivo the immunosuppressive effects of
progesterone in his study by prolonged survival
of xenografts near silastic implants containing
progesterone at concentrations typically found
in the placenta [19]. Hence, such high pro-
gesterone level in luteal phase may have caused
unfavorable immunity changes leading to more
susceptibility to gut infection and causing
highestincidence of acute appendicitis in luteal
phase.

Estrogen hormone increases its level from
menstruation phase and reaches its peak at
late proliferative phase. Estrogen then decline
its level and reaches minimum level at late
luteal phase. Hence, maximum proliferation of
both lymphocytes and macrophages occurs
during proliferative phase whereas minimum
proliferation of both lymphocytes and macro-
phages occurs during luteal phase.

54 cases (56.3% of Total cases)
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Fig. 2. Relationship between different level of estrogen and progesterone with percentage of acute
appendicitis in different phases of menstruation cycle.
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Whitacre et. al. stated in his study that the
effects of estrogen were pleotropic onimmune
cell function and estrogen had been shown to
significantly stimulate the proliferation of both
lymphocytes and macrophages [20]. In many
studies, estrogen has been shown to regulate
immune response by impairing negative
selection of high affinity auto-reactive B cells,
modulating B cell function and leading to Th2
response [21, 22]. Estrogen also influences phy-
siological functions via ERs which are expressed
in brain, gut epithelial cells, lymphoid tissue
cells as well as immune cells [23, 24]. R. Mo et.
al has stated that estrogen also induces T cell
homing by enhancing the expression of C-C
chemokine receptor type 5 (CCR5), a homing
marker [8]. Many studies has also shown that
estrogen regulates immune response via
modulation of endosomal TLRs and TLR8
expression thus hormonal balance determines
the overall response to infection in females [25,
26, 27]. Hence, such low estrogen level with high
progesterone level in luteal phase may cause
unfavorable immunity changes leading to more
susceptibility to gut infection and causing
highestincidence of acute appendicitis in luteal
phase and vice versa in proliferative phase.

Conclusions

According to the results of the study, it can
be concluded that the incidence of acute
appendicitis significantly differs in different
phases of menstruation cycle with highest
incidence in luteal phase. Hence, female
hormones (estrogen and progesterone) are
significant in causing acute appendicitis. This
relationship can be used as additional guiding
tool or information when there is diagnostic
dilemma for acute appendicitis in females.

Limitations

Small sample size.
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B3AEMO3B'SISBOK TOCTPOI'O AIIEHAUIIUTY TA TA A3 MEHCTPYAJIBHOI'O
OUKIIY V )KUTEJIIB IIIBHIYHOI TA IIIBHIYHO-CXIAHOI YACTHHI IHAII
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BcTyn. JiazHocmysaHHS 20cmpo20 aneHOUYUMmy y NayieHmMa Moxce bymu npobeMHO 0/151 NPAKMUKYHH020
Xipypaa. Hacmoma HenpasunbHOI diazHOCMUKU 20CMpP020 aneHAUYUMy dyxe s8UCOKa ceped nayieHmia. ICHye
6a2amo 0ocnidxeHb, npogedeHux 0/151 8USAB/AEHHSA HACMOoMU 20CMpPo20 aneHOuyumy 8idnogioHo Ao pisHUX a3
YUKy MeHCmpyayii, ane ix pesysnemamu € cynepedausumul.

MeTa. JaHe 0ocnidxeHHs nposoousnocs 04158 8CMAHOB/AEHHA MA OYiHKU 830EMO038'3Ky 20CmMpP0o20
aneHOuyumMy 3 Pi3HUMU Ga3amu MeHCMpPyansHO20 YUKAY.

MeToaw. JocnidxeHHs 6ya10 cnocmepexHUM, NposedeHUM y 080X Pe2iOHANbHUX AIKAPHAX Y nieHIYHIl ma

nigHiYHO-CXiOHIl YacmuHi IHOIl. Tpueanicme docnidxeHHs cmaHosuna 24 micsayi 3 01 yepeHsa 2019 poky no 31
mpaeHs 2021 poky. Kpumepii ekarodeHHsA: Yci nayieHmu, AKi He NopyweHs MeEHCMPYa/ibHO20 YUKAY ma AKi Maau
2icmonamosoziyHe niomeepoxceHHs diaeHO3y 2ocmpuli aneHouyum. Kpumepii suknroueHHs: Yci nayieHmu
AKUM He npoeoduanaca aneHOeKmomMmia Yu fAKi npuliManu opaneHi KOHMpayenmusu, 6yau 8UKAOYEHI 3
00CA1i0HEeHHS.

Pe3synbTtaTu. Bcb020 96 HiHOK byau 20CNiMani3o8aHi 8 060X NiKAPHAX hpomsa20M nepiody A0CaiOHeHHS.
3 Hux 12 He docsenu meHapxe (12,5%), 6 manu meHonaysy (6,3%), a 78 - manu meHcmpyaneHi yukau (81,25%).
3 mux 78 nayieHmis, ki Maau $i3ion02i4Hi MEHCMPYaneHi Yukau; 6 6yau 8 MeHcmpyansHil ¢asi (7,6%), 18 - y
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nponigepamusHii ¢pasi (23%) ma 54 y aromeiHosili ¢pazi (69,2%). Y Hawomy 0ocnioxeHHi nio Yyac meHcmpyayii
6ys10 uwWe 6 8uNAOKie 20cMpo20 aneHOUYUMy. TakuM YUHOM, CnocmepexcysaHe: 04ikyeaHe cnie8iOHOWeHHS
eunaokie cmaHosu0 6/14 = 0,42. BionogioHa o4ikysaHa yudpa o415 npoaipepamusHoi pasu cmaHosuna 2,78x9
=25 gunadkis, modi Ak 0415 AtomeiHo8oiI pa3u 6ys10 2,78%14 = 38,92. Takum YUHOM, CnoCMepexcysaHe/o4ikysaHe
cniggioHoweHHs cmaHosuso 18/25 = 0,72 dns nponipepamusHoi pazu ma 54/39 = 1,38 ona nromeiHogoi pa3u.
Cnocmepieanocs 3Ha4YHe 36i1bUeHHS KilbKocmi 8unaokie 20cmpo20 aneHOUYUMmy ceped MeHCmMpyanbHUX HiHOK
y nromeiHosil ¢asi (p<0,05). CepedHili 8ik y4acHukie 0ocnioxeHHs cmaHosug 28,31 + 9,56.

BUCHOBKW. 30 pe3ys1emamamu Hauwo20 00CAIOHEeHHS MOXCHA 3p06UMU 8UCHOBOK, U0 30X80PHBAHICMb
Ha 2ocmpuli aneHOUYUM 3HAYHO BiOPI3HAEMbCA PI3HUMU Ga3aMu YUKy MeHcmpyayii 3 Halisuujor 4acmomor
8 /itomeiHo8ill ¢pasi. Omice, H#iHOYi 20pMOHU (eCmpoz2eH Ma nNpo2ecmepoH) gidieparome 8axU8y poss y
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BUHUKHeHHi 20cmpo2o aneHAuyumy.
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CLINICAL OUTCOMES OF REVERSAL OF HARTMANN’S PROCEDURE

I. Ya. Dzyubanovskyy, A. D. Bedeniuk, *S. Y. Grytsenko
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE.

Background. Reversal of Hartmann’s procedure (HP) is one of the most complex surgical interven-
tions in abdominal surgery with high morbidity rates of up to 58% in the patients after HP and mortality of up
to 3.6%.

Objective. This was a retrospective observational study to analyze the Hartmann’s reversal (HR) outcomes.

Methods. The study involved 31 patients (16 males and 15 females), average age 59.6+10.31 (range 26-80),
who underwent HR at Ternopil Regional Hospital in 2010 - 2021. The reasons for the HP were: cancer in 20 (64.5%)
cases, perforation of the diverticulum - 6 (19.3%), traumatic rupture - 3 (9.7%) and Crohn’s disease - 2 (6.4%) cases.

Results. Median time from Hartmann’s procedure to reversal was 11.13+9.24 months (interval 3-38).
Intraoperative time was 210.33+56.91 minutes (range 120-330). HR was performed in 30 (96.8 %) patients. Dense
pelvic adhesions of the stump of the rectum was diagnosed in 13 (41.9%) patients. Hand-sewn anastomosis was
performed for 22 (71%) patients, stapler anastomosis - 4 (12.9%), pull-through technique - 3 (9.7%) patients. AL
occurred in 3 (9.7%) patients on the 15%, 23 and 35" postoperative days. pseudomembranous colitis was
diagnosed in 2 (6.4%) patients with AL. The mortality rate was 1 (3.3%) as a result of septic complications due to

SURGICAL DISEASES

AL, this case was not operated by a colorectal surgeon due to administrative issue in the hospital.
Conclusions. Hartmann's reversal is still one of the most difficult operations in colorectal surgery with high
incidence of postoperative complications. Sound selection of patients with low comorbidity and in suitable time

period is crucial for successful HR.

KEYWORDS: Hartmann'’s procedure; reversal; anastomotic leakage.

Introduction

A century has passed since Henry Hartmann
firstly performed the widely known operation,
but it has not lost its relevance and is fre-
quently used around the world to prevent
anastomotic leakage (AL), which remains an
eternal problem in colorectal surgery [1].
Reversal of Hartmann's procedure (HP) is one
of the most complex surgical interven-
tions in abdominal surgery with high morbidity
rates of up to 58% in the patients after HP and
mortality of up to 3.6% [6, 8]. Multifactorial
technical difficulties particular to reversal
include dense pelvic adhesions, pelvic infection,
adhesions, difficulty in identification of rectal
stump and perfoming of colorectal anastomosis
with short rectal stump [1, 7]. As a result, more
than two-thirds of patients remain with a
permanent stoma following Hartmann's pro-
cedure, either due to inability to perform
reversal or due to anastomotic leak and stoma
*Corresponding author: Stepan Grytsenko, Assistant Professor,
I. Horbachevsky Ternopil National Medical University, Ternopil,

46000, Ukraine.
E-mail: grytsenko_s@tdmu.edu.ua

restoration [1, 6, 7]. The majority of ostomy
patients become socially and psychologically
maladapted need to manage the physical and
psychological challenges associated with
a stoma [7].

Methods

This was a retrospective observational
study to analyze the Hartmann's reversal (HR)
outcomes. The study involved thirty-one pa-
tients (16 males and 15 females) of average
age 59.6+10.31 (range 26-80), who underwent
HR at Ternopil Regional Hospital in 2010-2021.
The median BMI was 25.2 (range 18-39). Most
of the patients (80.6 %) had an ASA score 3-4.
Median time from Hartmann's procedure to
reversal was 11.13+9.24 months (interval 3-38).
Intraoperative time was 210.33+56.91 minutes
(range 120-330). Blood loss was 331.67+191.4 ml
(range 150-1000). The reasons for the HP
were: cancer in 20 (64.5%) cases, perforation of
the diverticulum - 6 (19.3%), traumatic rupture -
3 (9.7%) and Crohn’s disease - 2 cases (6.4%)
(Table 1).
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Quantitative variables were calculated with
the median. All calculations were performed
using the Statistica 64 software.

Results

HR was performed for 30 (96.8 %) patients.
Mobilization of the splenic flexure was per-
formed for 5 (16.1%) patients. Dense pelvic
adhesions of the stump of the rectum was
diagnosed in 13 (41.9%) patients. Hand-sewn
anastomosis was performed for 22 (71%)
patients, stapler anastomosis - 4 (12.9%),
reduction - 3 (9.7%) patients. paracolostomy
hernia was diagnosed in 7 (22.6%) patients. The
mean hospital stay was 14.03+11.3 days
(interval 7-62).

AL developed in 3 (9.7%) patients on the
15t, 23 and 35" postoperative days (Table 2).
pseudomembranous colitis was diagnosed in
2 (6.4%) patients with AL. 1 patient after HR was
affected with Covid-19 on the 12t postoperative
day, probably it was one of the major favorable
factors of AL development which was diagnosed
on the 35" postoperative day due to systemic
infection and reducing the reactivity of the
immune system. The mortality rate was 1 (3.3%)
as aresult of both sepsis and purulent peritonitis
due to AL; this case was not operated by a
colorectal surgeon due to administrative issue
in the hospital.

Discussion
Adequate patient selection and preoperative
planning are extremely important for HR pro-

cedures to reduce the risk of postoperative
complications [1]. Patients with a benign
disease, aged under 69 years old and with low
comorbidity are more likely of undergoing HR
[6, 8]. In our study AL was diagnosed in 3 (9.7%)
patients aged 63-80 years old and ASA score
3-4.

Chronic infection (cured abscess and in-
fected pelvis infiltratis) is one of the major
factors influencing HR outcome and usually
creates technical difficulties during surgery in
the form of dense pelvic adhesions [4, 7]. These
challenges made performing HR impossible in
one patient in our study.

One of the important factors is the optimal
interval between HP and HR. According to the
literature the best time to perform HR is at least
6 months after the surgery [5, 7]. In our study
the interval between HP and HR was
11.13+9.24 months (interval 3-38), however,
such results were obtained by inclusion of
3 patients, who underwent HR at 36-38 months
after HP. Other authors show that timing of
surgery (more than 6 months) do not affect
surgical complications rate or severity or the
length of hospital stay [5]. In the study
paracolostomy hernia was evidenced in 7
(22.6%) patients, nevertheless at the same time
it did not increase the complication rate.

Laparoscopic HR has significant privilege
under open HR with less short-term comp-
lications regarding the overall morbidity, less
frequency of wound infection and postoperative
ileus [2, 3].

Table 1. Indications for Hartmann’s procedure

Indications for Hartmann'’s procedure n %
Colorectal cancer 20 64.5
Perforation of the diverticulum 6 19.3
Traumatic rupture 3 9.7
Crohn’s disease 2 6.7

Table 2. Analasis of patients with AL

Clinical data/patients 1 2 3
Age 80 63 69 wn
Sex female female female 5)4
Indications for HP perforation colorectal cancer perforation E
Months between HP and HR 4 14 13 %)
Relaparotomy + + + A
AL on ... postoperative day 15 23 37 1
Hand-sewn anastomosis + S
Pseudomembranous colitis - G
Covid-19 - - /s
Hospital discharge/death 19(death) 42 56 a
ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1 I. Ya. Dzyubanovskyy et al. | 45
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K/ITHIYHI PE3VJIFTATU 3AKPUTTS CTOMH ITICJIA OIIEPAIII TAPTMAHA

B . LA A36aHoBCcbKMA, A. 1. BeaeHiok, C. n. FpyueHko
TEPHOIMI/IbCbKUN HAUIOHAJIbHUN MEAVYHNN YHIBEPCUTET IMEHI 1. 5. TOPBAYEBCHKOIO MO3 YKPAIHY,
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BcTyn. 3akpumms cmomu nicas onepayii FapmmaHa € 00HIE 3 HAUCKAAOHIWUX Xipyp2iYHUX 8mMpyYaHb 8
a600MiHaNbHIl Xipyp2ii 3 8UCOKUM pigHeM 3axgoprosaHocmi 0o 58% i cmepmHicmio 00 3,6%.

MeTa. Lje pempocnekmusHe obcepsayiliHe 00CNiOHeHHS 3 Memor aHAMI3y KAIHIYHUX pe3yanbsmamis
30KpumMmsA cmomu nicaa onepayii FfapmmaHxa.

MeTtopn. Tpudyame 00uH nayieHm (16 Yonosikie ma 15 xiHoK) i3 cepedHim sikom 59,6+10,31 pokis (diana3oH
26-80), AKi npoxodunu Kypc niky8aHHA y TepHoninecokili 06aacHili nikapHi 3 2010 no 2021 pik. lMpuduHamu
onepayii FapmaHa 6yau: pak y 20 (64, 5%) sunadkis, neppopayis dusepmukyna - 6 (19,3%), mpasmamuyvHuli
po3pus - 3 (9,7%) ma xeopoba KpoHa - 2 (6,4%).

PesynbTtaTwn. CepedHili Yac Mixc onepayiero FTapmmaHa ma pekoHCMpPYKmMuU8HO-8iOHOBHOK onepayiero
cmaHosus 11,13+9,24 micays (iHmepsan 3-38). IimpaonepayiliHuli 4ac cmaHosus 210,33+56,91 xe (diana3oH
120-330). PekoHcmpykmueHo-8i0Ho8y onepayieto sukoHaHo y 30 (96,8 %) nayieHmis. LLinbHi ma3osi cnaliku
KyKCcu npAmoi Kuwiku diazHocmosaHo y 13 (41,9%) xeopux. 22 (71%) nayieHmam Hak1adeHo pyYyHUT GHACMOMO3,
cmenaepHuli aHacmomo3sy 4 (12,9%), HuzeedeHHs y 3 (9,7%). HecnpomoxcHicms aHacmomo3y suHukna y 3 (9,7%)
nayieHmie Ha 15, 23 ma 35 006y nicna onepayii. ¥ 2 (6,4%) x80pux 3 HECNPOMOMCHICMIO aGHACMOMO3Y
diazHocmosaHo ncegdomMemMbpaHo3HUl konim. JlemansHicme y 1 (3,3%) eunadky 8HAC/NIO0OK cenmu4YHUX
YCKNQOHeHb 3yMOBAEHUX HeCNPOMOXCHICMIO aHOCMOMO3y, yeli 8UNadoK HeoneposaHuli KOAOPeKMAAbHUM
Xipypaom.

BUCHOBKMW. 3akpumms cmomu nicis onepayii FTapmmaHa 301UWaemecs 00Hi€r 3 HalicknadHiwux onepayili
8 KO/10PeKMasnbHOI Xipypaii 3 8UCOKUM 8iOCOMKOM nicassonepayiliHux ycknadHeHs. lpasunbHull 8id6ip nayieHmie
3 HU3bKUM pigHeM CynymHbs0i hamos02ii ma 8 npasuasHull Nepiod 4acy € 8aXIUBUM KAKOYeM 00 yCniluHO20
BUKOHQHHS PeKOHCMPYKMUBHO-8i0HOBHOI onepayii.

KJIFOYOBI C/IOBA: onepauisa FapTMaHa; 3aKpUTTA CTOMU; HECMIPOMOXKHICTb aHaCTOMO3Yy.

Information about the authors

Ihor Dzyubanovsky, Professor, I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine.

https://orcid.org/0000-0001-8852-3938, e-mail: dzubanovsky@tdmu.edu.ua

Anatoliy Bedeniuk, Professor, I. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine.

https://orcid.org/0000-0003-1649-7886, e-mail: bedenyuk@tdmu.edu.ua

Stepan Grytsenko, Assistant Professor, I. Horbachevsky Ternopil National Medical University, Ternopil,
Ukraine.

https://orcid.org/0000-0002-6422-093X, e-mail: grytsenko_s@tdmu.edu.ua

(=p]

I. Ya. Dzyubanovskyy et al. ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1



References

1. Alberto Bitran, Roberto Rasslan, Fabio de
Oliveira Ferreira, Edivaldo Massazo Utiyama, Samir
Rasslan. Hartmann's reversal as a safe procedure
for selected patients: analysis of 199 patients at a
high-volume center in Sao Paulo. Surg Today. 2020;
50(8):855-62.

https://doi.org/10.1007/s00595-020-01957-0.

2. Chen Z, Nair N, Hanif U. Outcomes of lapa-
roscopic vs. open reversal of Hartmann's procedure:
a single centre experience. Cureus. 2021;13(8):
e17242.

https://doi.org/10.7759/cureus.17242.

3. Chavrier D, Alves A, Menahem B. Is laparoscopy
a reliable alternative to laparotomy in Hartmann's
reversal? An updated meta-analysis. Tech Coloproctol.
2022;26(4):239-52.

https://doi.org/10.1007/s10151-021-02560-2.

4. Hess GF, Schafer J, Rosenthal R, Kettelhack C,
Oertli D. Reversal after Hartmann's procedure in
patients with complicated sigmoid diverticulitis.
Colorectal Dis. 2017;19(6):582-8.

https://doi.org/10.1111/codi.13553.

5. Horesh N, Lessing Y, Rudnicki Y, Kent I,
Kammar H, Ben-Yaacov A et al. Timing of colostomy
reversal following Hartmann's procedure for
perforated diverticulitis. ] Visc Surg. 2020;157(5):395-
400.

https://doi.org/10.1016/].jviscsurg.2020.01.005.

6. Horesh N, Rudnicki Y, Dreznik Y, Zbar AP,
Gutman M, Zmora O et al. Reversal of Hartmann'’s
procedure: still a complicated operation. Tech
Coloproctol. 2018;22(2):81-7.

https://doi.org/10.1007/s10151-017-1735-4.

7. Nir Horesh, Yonatan Lessing, Yaron Rudnicki,
Ilan Kent, Haguy Kammar, Aimog Ben-Yaacov et al.
Considerations for Hartmann's reversal and Hart-
mann’s reversal outcomes-a multicenter study. Int
] Colorectal Dis. 2017;32(11):1577-82.

https://doi.org/10.1007/s00384-017-2897-2.

8. Hallam S, Mothe BS, Tirumulaju RMR. Hart-
mann's procedure, reversal and rate of stoma-free
survival. Ann R Coll Surg Engl. 2018;100:301-7.

https://doi.org/10.1308/rcsann.2018.0006.

Received 28 February 2022, revised 17 May 2022;
accepted 15 June 2022.

This is open access article distributed under the Creative Com-
mons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the
original work is properly cited.

SURGICAL DISEASES

ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1

I. Ya. Dzyubanovskyy et al.

>

7



International Journal of Medicine and Medical Research
2022, Volume 8, Issue 1, p. 48-54
copyright © 2022, TNMU, All Rights Reserved

DOI 10.11603/ijmmmr.2413-6077.2022.1.13157

ENDOVASCULAR ANGIOPLASTY FOR MULTI-LEVEL STENOTIC-
OCCLUSIVE LESIONS OF THE FEMORAL-DISTAL ARTERIAL BED IN
CASES OF STENOTIC-OCCLUSIVE PROCESS OF THE TIBIAL ARTERIES

I. K. Venher, S. Ya. Kostiv, *B. P. Selskyi, D. V. Khvalyboha,
M. Yu. Orlov, L. V. Faryna, N. L. Tsiupryk
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. Occlusive-stenotic lesions of the lower extremity arteries are the second in the structure of
cardiovascular diseases, after only coronary heart disease. Surgical treatment of patients with infrainguinal
atherosclerotic lesions of the arterial segment is challenging in a number of cases. At the same time, revascularizing
surgical interventions on the femoral-distal artery and especially on the tibial arteries in chronic critical ischemia
is the only chance to avoid amputation of the lower limb. In this regard, the search and study of optimal methods
of revascularizing surgery on the infrainguinal artery for stenotic-occlusive lesions of the arteries of the tibial

SURGICAL DISEASES

segment is urgent.

Objective. This study is aimed at promotion of endovascular and hybrid technology in cases of stenotic-
occlusive process of the tibial arteries and choosing the optimal surgical treatment tactics in this case.

Methods. Endovascular interventions of the femoral-distal arterial bed in cases of stenotic-occlusive process
of the tibial arteries performed for 135 patients at the Department of Vascular and Cardiac Surgery of Ternopil

Regional Clinical Hospital have been analysed.

Results. In most cases, endovascular angioplasty of two tibial arteries in hybrid and endovascular methods
of revascularization of multilevel atherosclerotic process of the femoral-distal arterial segment of the lower
extremity prevents development of thrombosis in tibial segment and allows maintaining the patency of the
reconstruction segment and preservation of the lower extremity in 97.57% and 93.44% of cases, respectively.

Conclusions. Endovascular angioplasty of two tibial arteries provides a better result than angioplasty of
one isolated tibial artery and allows maintaining the patency of the reconstructed segment for more than

90 percent compare to one isolated angioplasty.

KEYWORDS: vascular surgery; endovascular angioplasty; stenotic-occlusive process; athero-

sclerosis; revascularization.

Introduction

Occlusive-stenotic lesions of the lower
extremity arteries are the second in the
structure of cardiovascular diseases, only after
coronary heart disease [1]. More than 55% of
atherosclerotic lesions of the femoral-distal
arterial segments were detected [2]. Occlusive-
stenotic lesions of the infrainguinal artery in
35-65% of cases lead to chronic critical ischemia
[3]. Surgical treatment of patients with infra-
inguinal atherosclerotic lesions of the arterial
bed is challenging in a number of cases [4]. The
complexity of surgical interventions in the
femoral-distal arterial area is due to multilevel
atherosclerotic lesions of the arterial bed, the

*Corresponding author: Boryslav Selskyi, Assistant Professor,
I. Horbachevsky Ternopil National Medical University, Ternopil,
46000, Ukraine.

E-mail: selskyi_bp@tdmu.edu.ua

spread of lesions to adjacent arterial basins,
collateral arterial basins and the state of
outflow pathways - tibial arteries. At the same
time, revascularizing surgical interventions on
the femoral-distal artery and especially on the
tibial arteries in chronic critical ischemia is the
only chance to avoid amputation of the lower
limb [13]. In this regard, the search and study
of optimal methods of revascularizing surgery
on the infrainguinal artery for stenotic-occlusive
lesions of the tibial arteries is urgent.

Methods

Endovascular angioplasty of the femoral-
distal arterial bed in cases of stenotic-occlusive
process of the tibial arteries was performed for
135 patients. According to Fontaine’s classi-
fication, 50 patients were diagnosed with stage
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IIb of chronic arterial insufficiency (CAI), 63
patients - stage III of CAI, 22 patients - stage
IV. The method of hybrid revascularization was
applied for 74 patients, and 61 patients under-
went endovascular angioplasty of the infra-
inguinal arterial bed of the lower extremity.

To diagnose occlusive-stenotic lesions of
the aorta and main arteries of the lower extre-
mities, computed tomography with angio-amp-
lification was performed by Philips Brilliance
CT64 (Philips Medical Systems, the Netherlands)
and ultrasound Doppler SonoScape S8 Exp
(Italy) for examination of the arterial bed of
lower extremities, angiography in the settings
of the endovascular X-ray operating room, by
angiograph Siemens Axiom Artis (Germany).

Before endovascular surgery double
disaggregating therapy was prescribed to all
patients wre: acetylsalicylic acid drugs one day
(160-300 mg/d) and thieperidine drugs
(clopidogrel 75 mg/d). One hour before the
operation, premedication was prescribed.
Promedol 2%, 1.0 ml was most often adminis-
tered intramuscularly or 30-40 minutes prior
intramuscular injection of sol. Relanii or
sol. Seduxeni 2.0.

Endovascular interventions were performed
under local anaesthesia: 20.0-40.0 ml of 0.5%
solution of Novocaine. Before the operation,
after access, Heparin solution was administered
at a dose of 70-80 U/kg of the patient body
weight (5000-7500 U). To prevent arterial spasm
of the tibial arteries, it was effective to prescribe
Nifedipine 10 mg under the tongue for 15-20
minutes in combination with intravenous admi-
nistration of 2.0 ml of 2% solution of Papaverine
under control of blood pressure.

Check-Flo Performer by Cook Incorporated
(USA) and Balton (EU), size 4-7 Fr were used to
ensure the change of the balloon catheter and
the free introduction of contrast. During the
endovascular stage of hybrid surgery, intra-
luminal angioplasty of the tibial arteries was
performed, and in 14 - subintimal angioplasty
and subsequent stenting. In all cases, long
cylinders (80-150 mm) Armada 35 LL by Abbott
Vascular (USA) and Amphirion Deep (Medtronic)
Coyote (Boston Scientific), stents CompleteSE
(Medtronic), Smart (Cordis) were used.

In all cases, long cylinders (80-150 mm)
Armada 35 LL by Abbott Vascular (USA) and
Amphirion Deep (Medtronic) Coyote (Boston
Scientific), stents CompleteSE (Medtronic),
Smart (Cordis) were used.

Retrograde transfemoral access was
applied for endovascular manipulations on the

femoral-popliteal-tibial arterial bed. The punc-
ture site of the CFA was placed 2-3 cm below
the inguinal fold. Subsequently, endovascular
manipulations on the arteries of the femoral-
popliteal segment were performed through the
6F introducer. Endovascular angioplasty of the
stenotic-occlusive process of the femoral
segment was performed with balloon catheters
Pan Medical (PEKICO), OPTA PRO (Cordis).

After hybrid and endovascular angioplasty,
unfractionated heparin was administered at a
dose of 70-80 U/kg of body weight immediately
after surgery with continued use until 12-24
hours of the early postoperative period. In 12
to 24 hours, thromboprophylaxis was continued
with low molecular weight heparin. Disaggre-
gating therapy with acetylsalicylic acid 100 mg
and clopidogrel 75 mg was prescribed.

The criteria for inclusion of patients in the
group for surgery was the presence of a
multilevel atherosclerotic stenotic-occlusive
lesions of the infrainguinal artery. The athero-
sclerotic process in the tibial arteries was
extensive, parietal with segmental stenotic-
occlusive lesions of the vascular lumen, the
length of which was within 2.8-4.3 cm. Thus,
endovascular angioplasty of two tibial arteries
was performed to form a functionally suitable
outflow pathway in the tibial arteries in cases
of stenotic-occlusive process.

Statistical analysis was performed using the
statistical software package STATISTICA 6.0 for
Windows (StatSoft, Inc. Tulsa OK, USA) and
Microsoft Excel (Microsoft office 2013, USA) with
data in the form of mean and standard de-
viation (M+SD). Spearman correlation analyses
were conducted to evaluate correlations
between resistance index and type of an-

gioplasty.

Results

Hybrid revascularization of the infrainguinal
artery in cases of stenotic-occlusive lesions of
the tibial arteries was performed for 74 patients.
According to Fontaine’s classification of stages
of chronic arterial insufficiency, stage Ilb of CAI
was detected in 26 patients, in 34 patients -
stage III; in 14 patients with stage IV of CAI
trophic changes on the toes were found.

Atherosclerotic lesions of the arterial bed
of the lower extremity was multilevel. It was
established that occlusive process in one tibial
artery with simultaneous development of
stenotic lesions of the other two was detected
in 6 (9.83%) cases. The occlusive process of two
tibial arteries was established in 59 (79.73%)
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cases. In9(14.76%) cases, segmental occlusive
process was detected simultaneously in all tibial
arteries. In 17 (22.97%) cases, atherosclerotic
occlusion spread from the level of bifurcation
of the common femoral artery (CFA) to the
superficial femoral artery; in 38 (51.35%) cases
the superficial femoral artery (SFA) was affec-
ted; in 7 (9.46%) cases the occlusive process
spread from the initial segment of the middle
third of the SFA to the level of the first section
of the popliteal artery (PA), in 12 (16.22%) - to
the II-III section of PA. Ultrasound duplex
examination in 17 (22.97%) cases revealed
stenosis at the level of 54-68% of the mouth
(first section) of the deep femoral artery (DFA).

Hybrid surgeryincluded open reconstruction
of the femoral-popliteal segment and endo-
vascular angioplasty of the tibial arteries and
was staged one-step. Surgical treatment began
with isolation of the femoral and popliteal
arteries at typical access sites. In all cases, the
distal anastomosis of the autovenous conduit
was formed at the level of PA, and in 51 (68.92%)
cases it was formed by the end-to-end type
from autovein to PA. Subsequently, the auto-
venous conduit was moved anatomically
through the canal along the vascular-nerve
bundle to the selected level of the femoral
artery. The proximal anastomosis of the auto-
venous bypassin 17 (22.97%) cases was formed
at the level of CFA bifurcation. In these cases,
the formation of the proximal anastomosis
preceded the profundoplasty. In 57 (77.03%)
cases, the proximal anastomosis was formed
at the level of SFA: in 38 (66.67%) cases - at the
level of the upper third of SFA, in 19 (33.33%) -
at the level of the initial section of the middle
third of SFA.

Prior to the completion of the first stage of
the hybrid operation, a venous stump was
formed at the level of the proximal anastomosis
of the autovenous conduit to fix the introducer.
This was achieved as follows: in the formation
of the proximal anastomosis autovein was
taken with an excess length of 3-4 cm, the
stump was formed from it. An introducer was
inserted into it, which was fixed with a tourniquet
and was passed through a puncture at a
distance of 5-6 cm from the edge of the wound
to the skin surface. The venous stump to insert
an introducer was used in 65 cases. In 9 cases,
the introducer was performed at the level of
the proximal anastomosis through the venous
branch of the autovenous bypass. Thus, 122
endovascular angioplasties of the tibial arteries
were performed: angioplasty of only one of the

tibial arteries was performed in 26 (35.13%)
cases, and angioplasty of two vessels simul-
taneously - in 48 (64.87%) cases.

In 14 patients with stage IV of CAI, trophic
changes were found on the toes: in 10 cases
superficial trophic changes of the skin of the
toes were detected; in 3 cases - deep ulcer of
the toes, which involved subcutaneous adipose
tissue, tendons and muscles; in one case - a
deep ulcer involving subcutaneous adipose
tissue, tendons, muscles with bone lesions, 1-3
fingers with spreading to their base. At the end
of revascularization on the infrainguinal arterial
segment, surgical treatment of trophic changes
of the distal segments of the feet was performed
in 4 cases. In cases of deep ulcer, which involved
subcutaneous adipose tissue, tendons and
muscles, exarticulation of the second and third
toes was performed, and in one case of deep
ulcer involving subcutaneous adipose tissue,
tendons, muscles with bone lesions - metatarsal
amputation of the distal segment of the foot.
So, endovascular revascularization interventions
ontheinfrainguinal artery in stenotic-occlusive
lesions of the tibial arteries were performed for
61 patients.

Instrumental examination of a vascular bed
of the lower extremity showed multilevel
stenotic-occlusive atherosclerotic lesion of the
infrainguinal arterial bed. It was established
that atherosclerotic lesions of the arteries of
the tibial segment were parietal with the spread
of the process along the entire length of the
artery, which narrowed its lumen and led to
segmental occlusion. The length of occluded
segments in the tibial arteries was 2.7-3.5 cm.
The occlusive process in one vessel was found
only in 6 (9.83%) cases with stenotic lesions of
the other two tibial arteries. In the vast majority
of cases, 42 (68.85%), the occlusive process of
two tibial arteries with stenotic lesions of the
third of the tibial arteries was revealed. In
9 (14.75%) cases the occlusive process was
established simultaneously in all tibial arteries.
Tibioperoneal trunk occlusion was revealed in
4 (6.56%) cases.

The results of computed tomography and
ultrasound Doppler of the arterial bed of the
lower extremities were taken as the basis for
the choice of endovascular method of revascu-
larization of the stenotic-occlusive process of
the infrainguinal arterial bed of the lower
extremity.

After balloon angioplasty, self-opening
stents Smart ControL (Cordis) were used in 8
cases, Carbostent (Flype) in 6 cases, and Vascu-
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lar stent (BARD) in 11 cases. That is, in 40.98%
of cases, self-opening stents were used to
ensure the effectiveness of endovascular angio-
plasty of the femoral segment.

The second stage of endovascular inter-
vention on the femoral-popliteal-tibial artery
was angioplasty of the tibial arteries. Intra-
luminal angioplasty of the tibial arteries was
performed in 48 cases, and subintimal angio-
plasty - in 13 cases, followed by stenting. Thus,
in total 108 endovascular angioplasties of the
tibial arteries were performed: angioplasty of
only one of the tibial arteries was performed in
6 (5.56%) cases, and two tibial vessels at the
sametime-in51(83.61%) cases. Endovascular
angioplasty of the tibioperineal trunk was per-
formed in 4 cases.

Among 61 patients who underwent endo-
vascular revascularization methods, trophic
changes of the toes were revealed in 8 (13.15%)
patients with stage IV of CAI; superficial ulcer
was found in 5 of them, in 2 cases - a deep ulcer
in which subcutaneous adipose tissue, tendons
and muscles were involved in the process; and
inone case-adeep ulcerinvolving subcutaneous
adipose tissue, tendons, muscles with bone
damage. At the end of revascularization mani-
pulations on the infrainguinal arterial bed,
surgical treatment of trophic changes of the
toes was performed; in 3 cases the toes (2-3
toes) were amputated.

Complications were diagnosed during
hybrid revascularization of the infrainguinal
artery in cases of stenotic-occlusive lesion of
the tibial arteries in 74 patients; 6 of them (8.11)
were diagnosed with complicationsin the early
postoperative period. In 5 (6.76%) cases, throm-
bosis of the reconstruction segment was revea-
led, and in one (1.35%) - ineffectiveness of
surgery.

After endovascular revascularization of the
femoral-distal artery in cases of stenotic-occlu-
sive lesions of the tibial arteries in 61 patients,
complications were diagnosed in 5 (8.17%)
cases. In 4 (6.56%) cases, thrombosis of the
reconstruction segment was revealed and in
one (1.64%) - ineffectiveness of surgery.

After hybrid and endovascular revasculari-
zation of multilevel atherosclerotic lesions of the
femoral-distal arterial bed of the lower extremity
thrombosis of the revascularization segment
developed in 9 (6.67%) patients: in 8 cases -
thrombosis of the popliteal segment, in 1 case
- thrombosis of the femoral-popliteal segment.

In 8 patients with thrombosis of the popli-
teal segment, a minimally invasive thrombec-

tomy method was used [14]: rheological throm-
boextration with the Angiojet rheological
thromboextraction device (Possies, USA). In two
cases rethrombosis of the reconstruction
segment developed in the early postoperative
period of the minimally invasive method of
thrombectomy. Thrombolytic and active con-
servative therapies were ineffective that led to
amputation of the lower extremity.

In 1 case thrombosis of the femoral-po-
pliteal segment developed on the 6™ day after
two-level endovascular revascularization of
atherosclerotic lesions of the femoral-distal
arterial segment. In cases of acute arterial
insufficiency of the stage IIb, according to
Savelyev's classification, open femoral-popliteal
autovenous bypass and thrombectomy from
the tibial segment were performed. The posto-
perative period was without complications.

In two (1.48%) cases, both hybrid and
endovascular methods of revascularization of
the infrainguinal artery were not successful:
after surgery, the preservation and progression
of lower extremity ischemia was evidenced.
Intensive conservative therapy for 7-9 days did
not stop development of ischemia that led to
amputation of the lower limb.

Discussion

At the moment, there are various opinions
regarding the choice of method of revascu-
larization of the infrainguinal arterial bed of
the lower extremity: open, endovascular or
hybrid [7]. The main purpose of revascularizing
surgical interventions is to use the optimal
method of revascularization in multilevel
atherosclerotic lesions of the femoral-distal
arterial bed of the lower extremity and prevent
development of a number of postoperative
complications [8]. At the same time, many
researchers point to development of posto-
perative complications, including thrombosis
of the revascularization segment, the lack of
effectiveness of surgery, which are more
common when using endovascular revascula-
rization methods [9, 10].

In a number of studies on revascularization
of the multilevel stenotic-occlusive process of
the femoral-distal arterial bed in cases of
stenotic-occlusive lesions of the tibial arteries,
endovascular angioplasty of only one tibial
artery was used [11, 12]. It is possible that in
these circumstances revascularization of only
one tibial artery cannot fully perform the tract
outflow, which leads to development of throm-
bosis of the reconstruction segment.
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The choice of the extent of surgery was
based on the recommendations of the inter-
national classification TASC-II (2007) and the
European recommendation for the manage-
ment of patients with the lesions of aortic/
iliac-femoral-popliteal arterial bed (2014).
According to the European recommendation,
the following types were singled out: Type A -
single stenosis or single occlusion of the femo-
ral segment up to 10 cm - 38 cases; Type B -
multiple lesions of the femoral segment, each
of which <5 cm, single lesion <5 cm above the
slit of the knee joint, any lesions in the absence
of patency of the tibial arteries <5 cm, single
stenosis of the popliteal artery - 17 cases; Type
C-multiple lesions of the femoral segment with
alength of >15 cm, without or with calcification,
restenosis or reocclusion after two endovascular
interventions - 5 cases; Type D - chronic ste-
notic-occlusive process of the femoral segment
>20 cm with spread to the popliteal artery -
1 case.

The criterion for inclusion in the study was
the presence of multilevel atherosclerotic
stenotic-occlusive lesion of the infrainguinal
artery with underlying stenotic-occlusive lesion
of the tibial arteries. Atherosclerotic process in
the tibial arteries had extensive, parietal
character with segmental stenotic-occlusive
lesions of the vascular lumen at the level of 2.8
to 4.3 cm. So, there was a need to form a
functionally suitable outflow pathway in the
tibial segment. This can be achieved by en-
dovascular angioplasty of the two arteries of
the tibia. In the study of the level of blood flow
at the level of the popliteal artery the patients
underwent endovascular revascularization of
multilevel atherosclerotic stenotic-occlusive
lesions of femoral-distal arterial bed with
endovascular angioplasty of one or two tibial
arteries. Resistance index (RI) in the patients
with endovascular angioplasty of one tibial
artery was at the level of 0.88+0.09 - 0.86+0.10
unit, while RI in patients with endovascular
angioplasty of two tibial arteries was 0.67+0.13
unit, which is 1.3 in times lower (p<0.05) than
RI in endovascular angioplasty of one tibial
artery. The results of the study have proved that
endovascular angioplasty of the two tibial arte-
ries produces satisfactory functional conditions
of the outflow tract in the tibial segment.

Asimilar level of incidence of postoperative
complications was achieved due to the fact that
in revascularization of multilevel atherosclerotic
lesions of the femoral-distal arterial bed of the

lower extremity by both hybrid and endovascular
methods, mainly endovascular angioplasty of
two tibial arteries was performed in 64.87% and
83.61% of cases, respectively. Complications of
the early postoperative period developed in
those cases when endovascular angioplasty of
only one of the tibial arteries was performed
during revascularization of the infrainguinal
artery.

The analysis of the results of revascularization
surgeries during the first month of the early
postoperative period has proved that a high
clinical level of effectiveness is achieved by
hybrid and endovascular methods of revascu-
larization of the stenotic-occlusive process of
infrainguinal arterial bed in cases of athero-
sclerotic lesions of the tibial arteries, endovas-
cular angioplasty of the two tibial arteries in
64.87% and 83.61% of cases, respectively. The
preservation of the patency of the reconstruction
segment as well as saving the lower extremity
was obtained by hybrid methods and endo-
vascular revascularization in 97.57% and 93.44%
of cases, respectively.

Conclusions

In most cases, endovascular angioplasty of
two tibial arteries in hybrid and endovascular
methods of revascularization of multilevel
atherosclerotic process of the femoral-distal
arterial segment of the lower extremity pre-
vents development of thrombosis in tibial
segment and allows maintaining the patency
of the reconstruction segment and preservation
of the lower extremity in 97.57% and 93.44% of
cases, respectively.
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EHAOBACKVJ/IAPHA AHI'TOIUIACTHKA IIPH BATATOPIBHEBOMY
CTEHOTHYHO-OK/JIIO3NBHOMY ITPOLECI CTETHO-AUCTAJIBHOI'O
APTEPIAJIBHOTI'O PYCJIA B IIOEAHAHHI 3 CTEHOTUYHO-OK/JIIOSHBHHUM
ITPOITECOM I'OMUIKOBUX APTEPII1

I. K. BeHrep, C. . KocrTiB, B. . Cenbcbkuia, . B. XBanu6ora,

M. M. Opnos, 1. B. ®apuHa, H. I. Liionpuk

TEPHOIMI/IbCbKUI HALTOHAJIbHNIA MEAWYHWIA YHIBEPCUTET IMEHI I. . TOPBAYEBCHKOIO MO3 YKPAIHY,
TEPHOIML/Tb, YKPAIHA

BcTyn. Y cmpykmypi cepyego-cyOuHHUX 30X80pH08AHL CMEHOMUYHO-0KAO3IUHI ypaXceHHA apmepili HUXCHIX
KiHYigoK nocioarome Opyze Micye, NoCmynaryuce auule iuemidHili xeopobi cepya. XipypaidHe niky8aHHS X80pUX
3.amepocKIepPOMUYHUM YPaXHEeHHAM iHPPAiH28IHAMLHO20 apmepianbLHO20 ceaMeHma y pAdi UNAOKI8 € CKAAOHUM
30800HHAM. Y moli e 4ac pesackynapusyodi onepamueHi 8Mpy4YaHHA HG CMe2H080-0UCMANbHOMY ap-
mepianeHOMy pyc/i, 0C06AUB0 HA 20MINKOBUX ApMeEpPIAX Npu XPOHIYHIG Kpumu4Hil iwemii 3aauwiaromecs
€OUHUM WAHCOM YHUKHYMU amnymayii HUXCHbOI KiHYieKuU. ¥ 38’a3Ky 3 4UM nowyk i anpobayis onmumansHux
Memooie pesacKyApU3yHY020 Xipyp2i4H020 8BMPYHAHHA HA 20MINKOBUX apmMepisx CNPAMOBAHI HA Nikeidayito
CMeHOMUYHO-0K/H03UBHOZ0 YPaXCeHHS apmepili 20MifKu.

MeTa. Le 0ocnidxeHHA cnpsMosaHe HA NoNy/aApuU3ayito eHO0BACKYAAPHUX Ma 2i6pUOHUX Xipyp2idHUX
8Mpy4aHb NPU CMeHO3HO-0KA03ILHOMY npoyeci 20Minkosux apmepili ma 8ubip onmumMaasHOI MakmMuku ma
06’eMy /1iKyBAHHS 8 bOMY 8UNAOKY.

MeTopu. llpogedeHO ma npoaHani308aHO pe3yasmamu 135 nayieHmie akum 6yau nposedeHi eHAo-
80CKY/NAPHI 8MPYYAHHA HO CMe2HO-0UCMANbHOMY PYCai 8 YMOBAX CMEHOMUYHO-0K/AH3UBHO20 Npoyecy 20-
minkosux apmepili Ha 6a3i 8i0dineHHi cepyeso-cCyOUHHOI Xipypzii KoMyHanbH020 HekomepyitiHo2o nidnpuemcmea
«TepHoNiNbLCbKA 0610CHA KAIHIYHA NiKaPHA» TepHONiNbCLKOI 061aCHOI padu.

PesynbTaTwn. Y 6inswocmi sunadkie nposedeHHa eHO08ACKYASAPHOI aH2i0N1aCMUKU 080X 20MiNKOBUX
apmepiti npu 2i6pudHUX Ma eHA0BACKYAAPHUX Memooax pesacKynsapusayii 6azamopieHeaux amepockaepomuYHUX
YpadxeHbs cme2Ho-0UCMAaNbHO20 CezMeHmy HUXCHbOI KiHYieKu, 3anobieae po3gumky mpomb60o3y 20MifKko8020
ceameHma ma 00380/15€ nNidMpuMy8amu nPoxioHICMb ce2mMeHmy PekKoOHCMPYKYii ma 36epexceHHs HUMHbOI
KiHyisku y 97,57% ma 93,44% sunadkie 8i0nogioHo.

BUCHOBKMW. [IpogedeHHs eHO0B8ACKYAAPHOI aH2ionaacmuku 080X 20Mifkoaux apmepili dae docmosipHo
Kpawuli pe3ynemam, HiXC aH2ion1acmuka 00Hi€i i301608aH0I 20Minko8oi apmepii i 0ae moxusicme 36epeemu
npoxioHicme ce2meHmMy pekoHCMpyKyii inswe Hixc Ha 90 sidcomkie npu NOPiBHAHHI 3 0OHIEI [30/1608AHOI
aH2ioNIaCMUKOHO.

KNTHOHOBI C/TOBA: cyAVHHa Xipyprisi; eHA0BacKy/sipHa aHrionjacTuka; CTeHOTUYHO-OK/TH3UBHUM
npoLiec; atepocknepos; peBackynsapusadis.
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SHORT TERM STUDY ON CLINICAL RELEVANCE AND OUTCOMES

OF FOETAL HYDRONEPHROSIS
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Background. Hydronephrosis is the most common urinary tract pathology detected on antenatal screening
by Ultrasound. The detection of fetal hydronephrosis by ultrasound presents a treatment dilemma to the treating

surgeon and parental anxiety.

Objective. This study aims to examine the role of serial ultrasounds in antenatally detected fetal
hydronephrosis to know the disease progression, and to assess indications and timing of surgery in these patients

to preserve renal function.

Methods. This is an observational study of 30 cases of foetal hydronephrosis conducted at a tertiary care
paediatric surgery centre. A foetal renal pelvic Antero-posterior diameter (APD) >7 mm at 32 weeks of gestation
is considered to indicate Foetal hydronephrosis. These patients are followed up for a period of two years from
2018 to 2020. Progression of disease and need for surgical intervention is noted.

Results. The study comprised 30 cases of antenatal foetal hydronephrosis (42 renal units). Of 26 renal units
with mild hydronephrosis, all are resolved in the post-natal period. Of 10 renal units with moderate hydronephrosis,
3 (30%) resolved and 7 (70%) worsened and required surgical intervention. Of 6 renal units with severe
hydronephrosis, all required surgical intervention and underwent surgery between 12 to 18 months of age.

Conclusions. These results suggest a grading system with antero-posterior diameter of renal pelvis
distinguishes those cases with moderate and severe degrees of hydronephrosis that are at higher risk of surgery.

KEYWORDS: antero-posterior renal pelvic diameter; antenatal fetal hydronephrosis; pyeloplasty.

Introduction

Antenatal ultrasound surveillance detects
significant fetal anomaly in 1% of pregnancies;
20-30% of them are genitourinary cases, and
50% - manifest as hydronephrosis [1]. Much of
the controversy arises from diagnostic dilem-
mas and difficulties in distinguishing lesions
which are obstructive and potentially harmful
to the developing fetal kidney. Controversy
remains on the efficacy of therapeutic inter-
vention due to limited knowledge of the
underlying natural history and determining
appropriate outcome measures. Furthermore,
early diagnosis of hydronephrosis may cause
anxiety to parents in rest of the pregnancy.
Early onset of fetal hydronephrosis is directly
related to prognosis [2]. Antenatally detected
hydronephrosis is diagnosed if the renal pelvic
*Corresponding author: Nagamahendran Rajendran, Clinical
Tutor, Department of Surgery, Armed Forces Medical College,

Pune, Maharashtra, 411040, India.
E-mail: nagaa.mahendran@gmail.com

AP diameter equals or exceeds 4 mm before 28
weeks or 7 m thereafter [3].

The study took place at the Tertiary Care
Paediatric Surgery Centre to assess the prog-
ression and disease course of antenatally
detected fetal hydronephrosis. The issue which
is still ambiguous at present and is the area of
much study is how to differentiate a dilated but
non obstructed system from a dilated and
obstructed system [4]. To alleviate this pitfall,
an integrated approach right from antenatal
ultrasonogram to the latest available inves-
tigation techniques including DMSA, schin-
tigraphy scan was performed to deepen the
understanding of progression of disease in
patients with suspected PUJ obstruction [5].

Follow up of antenatally detected fetal
hydronephrosis with serial ultrasounds was
carried out to identify the disease progression
in terms of antero-posterior diameter of renal
pelvis. Clinical and imaging parameters were
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analyzed in antenatal and postnatal period to
assess the functional status of Urinary system.
The indication and right time for surgical
intervention was assessed to preserve renal
function. This understanding of the functional
status of the urinary system also guides in
timely surgical intervention.

Methods

This observational study was done at the
Tertiary Care Centre in the Department of
Paediatric Surgery after due permission from
the Institutional Ethics Committee and after
taking written informed consent from the pa-
tients. Once the patients were enrolled for the
study, a thorough history and physical exa-
mination was done as per proforma (Table 1).

The complete profile with clinical, radio-
logical imaging and renal scan details were
taken as per study proforma and were followed
up and outcomes were assessed for complete
resolution, partial resolution and persisting
cases requiring surgical intervention (Fig. 1).

The antenatal USG at around 32 weeks was
performed to diagnose ANH, and renal pelvic
anteroposterior diameter (APD) between <7mm
was taken as mild, 7-10 mm was taken as mo-
derate and >10mm was taken as severe hydro-
nephrosis (Table 2, 3).

Imaging with ultrasound: all new-borns with
history of ANH underwent postnatal USG
between days 3-7 of life (Table 4).

Neonates with suspected posterior urethral
valves, oligohydramnios or severe bilateral
hydronephrosis underwent ultrasonography
within 24-48 hours of birth [6]. Subsequent ultra-
sounds were done at 4-6 weeks, 3 months, 6
months, and 6 monthlies thereafter till resolution/
correction. Two consecutive normal ultrasounds
were considered as the criteria for resolution.

Voiding Cystourethrogram: VCUG was perfor-
med for cases with moderate to severe hydro-
nephrosis, if hydronephrosis worsens on follow
up USG, presence of ureteral dilatation, features
of lower urinary tract obstruction and in urinary
tract infection.

Assessed for eligibility (n=30)

[ Enroliment ]

Excluded (n=0)

A 4

[ Allocation ]

USG APD at Second Trimester

A 4

MILD (APD 4-7 mm)
(n=15)

MODERATE (APD 7-10 mm)

SEVERE (APD >10 mm)
(n=6)

(n=9)

[ Follow-Up ]

A 4

A 4 A 4

Resolved Spontaneously
(n=15)

Resolved Spontaneously

Resolved Spontaneously

(n=2) (n=0)

[ Analysis ]

A 4

A 4 A

Underwent Surgery
(n=0)

Underwent Surgery

Underwent Surgery

(n=7) (n=6)

Fig 1. Consort flow diagram.
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Table 1. Demographic data

Parameter No. of patients No. of kidneys
Gender Female 8 (26.67 %) 10
Male 22 (73.33 %) 32
Affected side Left 12 (40 %) 12
Right 6 (20 %) 6
Bilateral 12 (40 %) 24
Second Trimester USG Mmild 15 (50 %) 26
Moderate 9 (30 %) 10
Severe 6 (20 %) 6
Third Trimester USG Resolved 13 (43.33 %) 24
Mild 4(13.3 %) 4
Moderate 5(16.66 %) 6
Severe 8 (26.66) 8

Table 2. Severity of ANH, second trimester (kidneys=42)

Mild 4-7 mm Moderate 7-10 mm Severe >10 mm
U/LVS B/L (n=26) (n=10) (n=6)
No of kidneys No of kidneys No of kidneys
Unilateral 4 (15.38%) 8 (80%) 6 (100%)
Bilateral 22 (84.62%) 2 (20%) 0 (0%)
Table 3. Severity of ANH, third trimester (kidneys=42)
Resolved Mild 4-7 mm Moderate 7-10 mm | Severe >10 mm
U/LVS B/L (n=24) (n=4) (n=6) (n=8)
no of kidneys no of kidneys no of kidneys no of kidneys
Unilateral 2 (8.33%) 4 (100%) 4 (66.67%) 8 (100%)
Bilateral 22 (91.67%) 0 (0%) 2 (33.33%) 0 (0%)
Table 4. Severity of ANH, post-natal (kidneys=42)
Resolved Mild 4-7 mm Moderate 7-10 mm | Severe >10 mm
U/L VS B/L (n=26) (n=0) (n=4) (n:’]O)
no of kidneys no of kidneys no of kidneys no of kidneys
Unilateral 4(15.38%) 0 (0%) 2 (50%) 10 (100%)
Bilateral 22 (84.62%) 0 (0%) 2 (50%) 0 (0%)

Radioisotope Studies: diuretic renography
was done at 6-8 weeks of life. Radioisotope
studies were done in moderate to severe hyd-
ronephrosis, worsening hydronephrosis and

dilated ureter on USG.

Antibiotic Prophylaxis: The postnatally con-
firmed ANH of moderate grade, severe grade
or with dilated ureters were put on antibiotic
prophylaxis with Syp. Cephalexin 10 mg/kg/

day as per our institution protocol till evaluation
were complete (Table 5).

wn

o]

Table 5. Descriptive analysis of UTI in study population (n=30) 2

Urine C/S Frequency Percentages E.j

No growth 23 76.67% A

Growth 7 23.33% -]

E. Coli 4 57.14% S

Kelbsiella pneumoniae 1 14.29% G

Mixed growth 1 14.29% [

Staph hominis 1 14.29% a
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Surgery: The progression of disease was
screened by postnatal ultrasound. In cases of
persistent and severe hydronephrosis, after
assessing the functional status of kidneys,
surgery was planned according to the etiology
(Table 6, 7).

The type of surgery performed and the ideal
timing of surgery were assessed (Table 8, 9).

Quantitative data was presented by the
mean and standard deviation. Comparison
among the study groups was performed by the
unpaired t test as per results of normality test.
Quialitative data was presented via the frequency
and percentage table. Association among the
study groups was assessed by the Fisher test,
Student’ t-test and Chi-Square test. P value less
than 0.05 was taken as significant.

Table 6. Post-natal analysis of operated vs non-operated cases

Severity Operated Non-operated
Mild (n=15) 0 (0%) 15 (100%)
Moderate (n=9) 7 (77.78%) 2 (22.22%)
Severe (n=6) 6 (100%) 0 (0%)
Table 7. Operated post-natal pathology (n=13)

Pathology Operated cases Percentage
PUJ obstruction 9 69.23%
Vesico ureteric reflux 2 15.38%
Posterior urethral valve 1 7.69%
VU]J obstruction 1 7.69%

Table 8. Descriptive analysis of time of surgery in the study population (n=13)

Time of Surgery Frequency Percentages
Within 10 days 1 7.69%
10 days to 6 months 3 23.07%
6 months to 12 months 3 23.07%
12 months to 18 months 6 46.15%

Table 9. Descriptive analysis of surgical procedure done in the study population (n=30)

Post-surgical outcome Frequency Percentages
Underwent surgery 13 43.33%
Underwent MAH 9 69.23%
Ureterostomy with ureter reimplantation 3 23.07%
Fulguration 1 7.69%

Results

There was significant male preponderance
in the study population; 73% of the study
population was comprised by male gender.
While comparing right and left APD in cases of
unilateral hydronephrosis, left APD was sig-
nificantly more than the right. Post-natal APD
mean difference was also the highest with left
sided hydronephrosis. As the trimester in-
creases, distension of urinary bladder was on
rise and it was directly proportional to the
degree of ANH in the early trimester. Oligo-
hydramnios was an indirect marker for severe
congenital ANH with almost 50% of the ante-
natal mothers had oligohydramnios during

their pregnancy. In our study, out of 30 patients,
17 cases underwent spontaneous resolution.
Those cases with mild hydronephrosis, all
were resolved postnatally. In the moderate
hydronephrosis cases, some of them were
resolved, and in the severe hydronephrosis
group, further evaluation and surgical inter-
vention was done in all cases. It was further
observed that, for those cases, where outlet
obstruction was suspected, radio nuclide
studies were completed to assess the excretory
function of kidney. 13 patients with persistent
severe hydronephrosis in post-natal period
underwent further evaluation with MCU and
MRU. In those patients, E. coli remained the
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most common infectious organism in urine
amounting to 57% of cases in patients with
symptomatic UTI. Pelvi ureteric junction ob-
struction was the commonest indication for
surgery amounting to 61%.

In the study, most of the infants born with
persistent and severe hydronephrosis under-
went corrective surgery in 12 months. This
complies with the institution protocol of more
conservative and follow up approach for de-
finitive period before a surgical decision was
taken. Among the operated 13 cases, left sided
modified Anderson Hyne's pyeloplasty was the
commonest procedure amounting to 62.5% of
the cases operated. In the surgical patients, left
sided poor functioning kidney was maximum
with less than 50 % split function in more than
80 % of the surgical group. There was significant
male preponderance in our study population.
73% of the study population was comprised by
male gender. While comparing right and left
APD in cases of unilateral hydronephrosis, left
APD was significantly more than the right. Post-
natal APD mean difference was also the highest
with left sided hydronephrosis. As the trimester
increases, distension of urinary bladder was on
rise and it was directly proportional to the
degree of ANH in the early trimester. Oligo-
hydramnios was an indirect marker for severe
congenital ANH with almost 50% of the ante-
natal mothers suffering from oligohydramnios
during their pregnancy. In the study, out of 30
patients. 17 cases underwent spontaneous
resolution.

All cases with mild hydronephrosis were
resolved postnatally. In the moderate hydro-
nephrosis cases, some of them resolved and in
the severe hydronephrosis group, further
evaluation and surgical intervention was done
for all cases. It was further observed that, those
cases where outlet obstruction was suspected,
radio nuclide studies were performed to assess
the excretory function of kidney. 13 patients
with persistent severe hydronephrosis in post-
natal period underwent further evaluation with
MCU and MRU. In those patients, E. coli was the
most common infectious organism in urine
amounting to 57% of cases. Pelvi ureteric
junction obstruction was the commonest
indication for surgery amounting to 61%.

In the study, the most of the infants born
with persistent and severe hydronephrosis
underwent corrective surgery in 12 months.
This complies with the institution protocol of
more conservative and follow up approach for
definitive period before a surgical decision was

taken. Among the operated 13 cases, left sided
modified Anderson Hyne's pyeloplasty was the
commonest procedure amounting to 62.5% of
the cases operated. In the surgical patients, left
sided poor functioning kidney was maximum
with less than 50 % split function in more than
80% of the surgical group.

Discussion

The study reports on the independent
association of grading of anteroposterior
diameter of renal pelvis and its direct association
with the risk for surgical intervention. The
results support the use of prenatal and post-
natal ultrasonograms in assessment of disease
progression. While the renal pelvic APD varies
with gestation; bladder distension was also an
objective parameter in assessing severity of
hydronephrosis. If ANH is detected, a followed
up with ultrasound including evaluation for
lower urinary tract, renal dysplasia, and extra
renal structural malformations is carried out
[7]. Two follow up ultrasounds were performed,
one in third trimester and the other in postna-
tal period irrespective of severity of hydroneph-
rosis. In the study 100% of severe hydronephro-
sis and 77.78% of moderate hydronephrosis
needed surgical management. Hence, frequent
ultrasound evaluation is suggested in cases
with moderate and severe hydronephrosis in
6-8 weekly interval to assess disease pro-
gression.

We recommend that all newborns with
history of ANH irrespective of any trimester
should undergo postnatal ultrasound exami-
nation within the first week of life. In neonates
with moderate or severe hydronephrosis,
ultrasonography should be performed within
first or second day of birth. We suggest that a
micturating cystourethrogram (MCU) being
performed within 4 days of life in patients with
unilateral or bilateral, moderate and severe
hydronephrosis [8].

Our institution performs diuretic renography
after 10 weeks of age in persistent severe and
progressing moderate hydronephrosis and
repeats the same in the 6" month of post-natal
life. Our indication for surgical intervention is
persistent severe hydronephrosis with obst-
ruction and with evidence of reduced differential
renal function on repeat evaluation [6]. As per
our institution protocol, in 12" month of birth,
we repeat the diuretic renograpy and watch for
disease progression and worsening of split
renal function to decide on surgical correction
[9]. The patients were started on oral antibiotics

SURGICAL DISEASES
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for all cases of moderate and severe hydro-
nephrosis with Syp Cephalexin as the incidence
of UTIin these groups of patients was maximum
and E coli was the most commonly isolated
organism in urine [10].

Conclusions

The prenatal diagnosis of uropathies is
today the main contributor to the evolution of
individuals suffering from this disease. When
faced with a diagnosis of pyelocalyceal dilation,
postnatal observation should be planned in
order to minimize parental anxiety and to
monitor progression of nephrourinary pa-
thology. Because of the extremely elastic nature
of the fetal renal system, it was established that
an evaluation of antenatal hydronephrosis via

[11]. The APD grade may be used as reliable
predictor of the outcome of fetal hydronephrosis,
and may be an independent indicator for post-
partum surgery.

Limitations
Single centre observational study
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KOPOTKOCTPOKOBE JIOCJII/DKEHHA KJITHIYHOI 3HAYVIITOCTI
TA HACIIAKIB I'TAPOHE®PO3V IVIOJA
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BecTyn. [idpoHeppo3s - HalinowupeHiuia namosaozid ce4o8UBIOHUX WAAXi8, AKA 8UABASEMbCA npu
00n0s102080My 0b6CmediceHHI 3a donomo2oro Y3/. BuseneHHs 2idpoHe@po3y nnoda 3a donomoz0r Y3/ cmasume
nepeo sikyro4uM Xipypaom ousnemy Aiky8aHHs Mma 8UKAUKAE 30HENOKOEHHS y 6amMebKis.

MeTa. Lje docnidieHHA Mano Ha Memi 8us4YUMU poab CepiliHuX yaempa3eykosux 00Cai0HeHb npu
QHMeHaman6HO 8Us8/MeHOMY 2i0pOHePpPO3i 1000, Uj06 BUSHAYUMU NPO2PECYBAHHSA 30X80PHOBAHHS, O MAKOH
OYiHUMU NOKA3QHHA Ma MepMiHU Xipyp2i4yHO20 8MPYHAHHSA Y YuX nayieHmig 015 36epexceHHs GyHKYii HUPOK.

MeToan. CnocmepedxcHe docnidxiceHHA 30 sunadkie 2i0poHedpo3y naoda, nposedeHe 8 yeHMpi dumsayoi
Xipypaii mpemuHHoi Medu4Hoi donomozu. lepedHbo-3a0Hili diamemp HUPKOBOI MUCKU Na100d PO3MipOM NOHAO
7 MM Ha 32 MUXCHI 802imHOCMI 88AMAEMbCA 03HAKOK 2i0poHedpo3y naoda. layieHmu nepebysanu nio
cnocmepexceHHAM npomsazom 08ox pokie 3 2018 no 2020 pik. Bid3Ha4yan0mecsa npo2pecy8aHHS 30X80PHBAHHSA
ma HeobxioHicMb onepamugHo20 8MpPYYaHHS.

PesynbTtaTtwn. JocnioxeHHa oxonusno 30 sunadkie aHMeHAMaAnbHO20 2i0poHePPo3y Naoda (42 HUPKU).
3 26 HUPOK 3 sle2kUM 2i0pOHePPO30M 8Ci 00yHanU 8 niciaN0n02080My nepiodi. 3 10 HUPOK i3 NOMIPHUM
2idpoHepposom 3 (30%) odyxcanu, ay 7 (70%) cmaH nozipwuecs, Wo euMazasno Xipyp2i4Ho20 8Mpy4aHHA. 3
6 HUPOK 3 8aXMKUM 2i0poHedpo3oM 8Ci sUMA20U Xipyp2iYHO20 8MPYYaHHS i 6yau npooneposaHi y siyi 8id 12
do 18 micsyie.

BUCHOBKMW. Pe3yssmamu cgid4ame npo me, Wjo cucmema Kaacugikayii 3a nepedHbo-3a0HiM diamempom
HUPKOBOI MUCKU 00380/151€ PO3PI3HAMU 8UNAOKU 3 NOMIPHUM i 8OXCKUM CMYyneHAMU 2i0poHePpo3y, AKi Maroms
suWUl pU3UK Xipyp2iYHO20 8MPYYAHHS.

K/THOYOBI C/1I0BA: nepeaHbo-3aAHil fiiaMeTp HUPKOBOI MNCKW; aHTeHaTalbHWiA rigpoHedpo3
nnopa; nienonnacruka.
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ATTITUDE TOWARDS PSYCHIATRY AND PSYCHIATRISTS AMONG
MEDICAL STUDENTS IN TERTIARY HEALTH CARE HOSPITAL

R. Jahagirdar
ZYDUS MEDICAL COLLEGE AND HOSPITAL, DAHOD, GUJARAT, INDIA

Background. Psychiatry is a medical subject; many medical students ignore its importance in medicine.
Regarding mental illness, many medical professionals and students are less aware as mental illness is very
important in affecting the quality of care the patient receives and in choosing psychiatry as a career. This study
specializes in psychiatry based on many factors, however undergraduate students’ attitude towards career choice
is the most important.

Objective. This study aims to explore attitude towards psychiatry subject among undergraduate medical
students.

Methods. This is a Descriptive cross-sectional study done at Vikhe Patil Medical College, Ahmednagar. The
total of 295 volunteer students from all phases of MBBS (Bachelor of Medicine and Bachelor of Surgery) were
enrolled by purposive sampling, a 30-item self-administered questionnaire, ATP-30 (Attitude towards Psychiatry)
was used to measure the attitude of medical students. Data collected was analysed using SPSS version 24. The
results were reported as percentage and frequencies.

Results. In the study, 47.4% of the respondents were males and 52.6% were females. Out of total study
participants 52.3% of our study respondents strongly agreed that psychiatry was a respected branch of medicine;
56.7% strongly agreed that psychiatry should be an important part of medical curriculum; 19.4% of study
respondents considered it in the list of the career choice while the majority did not think that it should be in their
career list options.

Conclusions. In the study, the students from the later phases of MBBS showed positive attitude than that
of the initial phases. Many students found it as respected subject and essential field of medicine for their choice
of profession. However, shortcoming knowledge and awareness was observed in the responses pertaining to

PSYCHIATRY

present available treatment and recent trends in the field.
KEYWORDS: attitude; undergraduate medical students; psychiatry; India.

Introduction

According to the World Health Organization
(WHO), mental disorders and mental illness are
today the most significant part of the global
burden of diseases [1]. Psychiatric disorders
affect 10% of adult population [2]. Whereas
mental disorders are either ignored by majority
of people in their life or hesitated to share
having very few psychiatrists. Globally, psy-
chiatry as a subject, psychiatrists as profes-
sionals, and patients with psychiatric disorders
are subjected to cultural stereotypes and ne-
gative attitude by the general population. The
alarming concern is that these prejudices exist
within the medical community as well [3, 4].

*Corresponding author: Dr. Rohan Jahagirdar, Associate
Professor, Zydus Medical College and Hospital, Dahod, Gujarat,
India.

Email: drjahagirdarrohan@gmail.com

This information has serious implications on
psychiatry.

Most mental illness in people are undiag-
nosed or underdiagnosed as people with
mental disorders hesitate and remain silent to
pursue medical care due to presenting stigma
and discrimination to them [5].

Stigma exists even in the health care system
and even students carry prejudices to choose
and enter into psychiatry, which affects me-
dicine. In this aspect, evaluation of undergra-
duate students for their attitude towards
mental health issues is important as they are
future of nation and going to influence directly
or indirectly the health system [6]. Psychiatric
teaching in the undergraduate medical cur-
riculum appears negligible and short due to
insufficient number of allotted lectures, no
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available qualified teaching staff as well as lack
of proper clinical positions, which results to
inadequate exposure of medical students to
psychiatry [7, 8, 9].

This study aims at evaluating the current
attitudes towards psychiatry as a subject, which
can further help in revising the curriculum,
teaching and learning methods of under-
graduatesinordertoimprove theunderstanding
of mental health issues in community and
medical profession.

Methods

This descriptive study was done after
approval from the ethical committee, was
conducted at Vikhe Patil Medical College.
Ahmednagar for 6 months duration from July
to December 2019. The study includes 295
medical students from all phases of MBBS
(Bachelor of Medicine and Bachelor of surgery)
selected with purposive sampling. Purpose of
the present study was informed to participants
about research and voluntary participation was
invited. Informed consent was taken and
confidentiality was maintained and ensured for
every participant though questionnaire did not
included any information for identification.
Those not giving consent and not willing to
participate were excluded from study. Modified
short ATP-30 (Attitude towards Psychiatry
developed in Canada by Burra et al (1982) a 30
item self- administered questionnaire was used
to measure the attitude of medical students in
this study [10].

This scale measured the attitude of res-
pondents such as towards psychiatry patients,
psychiatry illness, psychiatry knowledge,
psychiatry treatmentincluding drugs, psychiat-
rists, psychiatry career choice, and psychiatry
training. The ATP Uses a 5-Point Likert type
Scale: 1; Strongly Agree, 2; Agree, 3; Neutral
Opinion, 4; Strongly Disagree, And 5; Disagree.
Total score on the scale indicates positive or
negative attitude, with a high total score
indicating positive and low score indicating
negative attitudes toward different aspects of
psychiatry. Data was analysed using SPSS
version 24.

Results were entered in Microsoft excel and
were presented as frequencies and percentages.

Results

All 295 students were analysed in order to
assess their attitude towards psychiatry by a
questionnaire. The distribution of the respon-
dents according to gender and professional
year is presented in Table 1.

Among all 295 participants involved for the
analysis, 53.98% (n=159) were males and 46.10%
(n=136) were females. The highest number of
participants were from final year of study
(n=110, 37.2%), followed closely by the second
professional phase (n=139, 34.4%) and the
15t year of study (n=119, 29.45%). Apart from
the 15t year students, all other participants
(n=212, 71.5%) had been exposed to psychiatry
postings and lectures as per the current MBBS
curriculum,.

The majority of students (n=185, 63%) con-
sidered psychiatry to be a respected branch of
medicine and 79.9% (n=230) thought that
psychiatricillnesses deserve as much attention
as physical illnesses. 240 respondents (81.1%)
agreed that psychiatry should have been an
important part of school curriculum (Table 2).

Discussion

The interlinking has always existed between
mental and physical health in all individuals.
Undergraduate attitude towards mental health
has significant influence in their future medical
practice and the quality of life of patients. All
MBBS undergraduates of all phases of study
were involved into the study fairly. The formal
students of pre and para clinical subjects did
not receive any formal introduction to psychiatry
while the other students studied psychiatry
either in the forms of lectures or clinical pos-
tings. The majority of our study respondents
are from the final phase of study (37.2%) among
the respondents involved. The analysis of the
study results shows that the majority of stu-
dents has positive attitude towards psychiatry.
47.5% of our study respondents strongly agree
that psychiatry is a respected branch of me-
dicine; 40.7% believe most patients do not go

Table 1. Demographic Data of Sample Population

>

Year of study Males n (%) Females n (%) Total n (%) ﬁ

First 48 (57.83) 35(42.16) 83(28.1) ﬂ

Second 52 (50.98) 50 (49.01) 102 (34.5) an

Final 59 (53.63) 51 (46.36) 110 (37.2) g

Total 159 (53.89) 136 (46.10) 295(100) &
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Table 2. Results of ATP-30 questionnaire

Strongly Agree Neutral Strongly
Item agree agree
n (%) n (%) n (%) n (%) n (%)

Disagree

Psychiatry is a respected branch 115139.0% | 70 | 23.7% | 45 [153% | 25 | 8.5% | 41 | 13.6%
of medicine

PSYCHIATRY

People taking up psychiatry 27 | 92% | 35 | 11.9% | 42 |14.2% | 73 | 24.7% | 118 | 40.0%
are running away from “real”
medicine

Psychiatric disorders deserve as 158 | 53.6% | 75 | 25.4% | 40 |13.6% | 17 | 58% | 5 | 1.7%
much attention as physical illness

Psychiatry is unscientific and 7 | 24% | 18 | 6.1% | 45 [153% | 55 | 18.6% | 170 | 57.6%
imprecise

Psychiatry is an important part 164 [ 55.6% | 77 |26.1% | 28 | 95% | 19 | 6.4% | 7 | 2.4%
of the medical school curriculum

There has been significant 157 |532% | 71 |241% | 29 | 98% | 20 | 6.8% | 18 | 6.1%

advancement in the understanding
and treatment of psychiatric
disorders in recent years

With the treatment available today, | 160 | 54.2% | 74 | 25.1% | 34 |115% | 22 | 7.5% | 5 | 1.7%
most psychiatric patients
experience improvement
I find it hard to believe that 100 {33.9% | 95 [32.2% | 54 |183% | 39 | 13.2% | 7 | 2.4%
patient’s symptoms can improve
by “talk therapy”

Genes and family history are 144 | 48.8% | 86 | 29.2% | 31 |10.5% | 24 | 8.1% | 10 | 3.4%
important in the theology of
mental illnesses

I believe that spiritual healer can 4 | 14% | 24 | 81% | 45 | 153% | 97 | 32.9% | 125 | 42.4%
help the mentally illnesses
I believe that ghosts (Jinn) and 5 | 1.7% | 11| 3.7% | 42 |14.2% | 100 | 33.9% | 137 | 46.4%
magic (Jadoo) can cause mental
ilinesses

Mental illness can be a punishment| 4 | 1.4% | 12 | 41% | 49 |16.6% | 95 | 32.2% | 135 | 45.8%
for past sins

Most psychiatric patients are 15 | 5.1% | 18 | 6.1% | 52 [17.6% | 81 | 27.5% | 129 | 43.7%
violent and dangerous

Psychiatric hospitals are like 7 | 24% | 9 | 31% | 24 | 81% | 98 | 33.2% | 157 | 53.2%
prisons

Psychiatrists are mentally unstable | 2 | 0.7% | 7 | 24% | 21 | 7.1% | 105 | 35.6% | 160 | 54.2%
compare to other doctors
If I was asked to name three most | 21 | 7.1% | 26 | 88% | 15 | 5.1% | 94 | 31.9% | 139 | 47.1%
exciting medical specialties,
psychiatry would be in the list
Psychiatrists are less respected 19 | 64% | 29 | 9.8% | 15 | 51% | 92 | 31.2% | 140 | 47.5%
than other specialists
Psychiatrists get less satisfaction 31 |10.5% | 32 | 10.8% | 15 | 5.1% | 103 | 34.9% | 115 | 39.0%
from their work than other
specialists
Psychiatrists earn less than other 76 |258% | 71 |24.1% | 36 |12.2% | 58 | 19.7% | 54 | 18.3%
doctors
Most patients do not go to 120 [40.7% | 70 |23.7% | 24 | 8.1% | 44 | 14.9% | 37 | 12.5%
a psychiatrist even if they have
mental problems

There is an acute shortage 88 [29.8% |124|42.0% | 18 | 6.1% | 34 | 11.5% | 31 | 10.5%
of psychiatrists in our country

i
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to a psychiatrist even if they have mental health
problems.

Many students strongly agree that psy-
chiatry should be an important part of medical
curriculum (81%).

In certain aspects of the study, positive out-
comes were noted regarding positive attitude
toward psychiatrists. Many of the students
thought of psychiatry as an important stimu-
lating discipline and psychiatric practice per-
ceived to have promising prospects. Our study
findings were positively surprising compare to
previous ones, which had reported same num-
bers with fewer respondents viewing psychiatry
and psychiatrists in a positive light [11, 12].
However, a few studies in UK, Australia and
France shows opposing results [13, 14]. In fact,
many students believe in magic, ghosts and
family history [15].

Thus, the study results are consistent with
the research findings of the respondents, who
consider psychiatry as exciting specialty and in
the list of their future career choice, while a few
has neutral opinion and some students con-

sideritin the list of top specialties that they will
likely to choose in the future [16].

Conclusions

Even though lack of sufficient knowledge
about the reasons behind mental problems
students have positive attitude towards psy-
chiatrists and psychiatry because of its impor-
tance in medicine. The study highlights the
attitude of medical students towards psychiatry
as their future preference of choice. This might
be because a majority of students find psychiatry
to be a respected and essential field of me-
dicine. The study also focuses on the need for
further development of theoretical and clinical
teaching of psychiatry at the undergraduate
level to overcome these faults.
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CTABJIEHHA 10 HCI/IXIATPIT TA IICUXIATPIB CEPE/ CTYIEHTIB-METUKIB
Y SAK/IAJAX TPETHHHOI MEANYHOI AOIIOMOI'A

R. Jahagirdar

ZYDUS MEDICAL COLLEGE AND HOSPITAL, DAHOD, GUJARAT, INDIA

Bcryn. llcuxiampis € MeAuYyHUM npedmemom, npome 6a2amo cmyoeHmig-Meoukie i2Hopyroms ii saxuiugicme
y eanysi meduyuHu. LLjodo ncuxiyHux 3axe0pro8aHL, 6a2amo MeduYHUX NpayieHukKie i cmydeHmis-medukie €
MeHW 06I3HAHUMU, He38aX(A4U HA Me, U0 NCUXIYHI 30X80PIOBAHHS 8idizparome Oyixce 8axiusy pos y enausi
HQ AKICMb NiKy8AHHS, AKe OMPUMYE NAYIEHM, a MAKox y subopi ncuxiampii ak npogecii.

MeTa. Lje docnidxeHHs Mano Ha Memi gug4uUMU cmaesneHHs 0o hpedmemy ncuxiampii ceped cmyodeHmie-

Meoukie.

MeToawm. Lje onucose nepexpecHe 00C1ioxeHHS, nposedeHe MeduYHUM KoneoxceM imeHi Vikhe Patil y micmi

AxmedHazap. B ekcnepumeHmi 83110 yyacms 295 cmydeHmis-0obposonsyie 3 ycix kypcie MBBS (6akanasp
MeOuyuHU ma 6akanasp xipypzii), 015 OYiHIBAHHA CMAsAeHHA CmydeHMmig-MeduKi8 8UKOPUCMO8Y8A8CS
onumyeaneHuUK i3 30 nyHKkmie camocmiliHo2o 3anosHeHHs, ATP-30 (cmaeneHHs 0o ncuxiampii). 3i6paHi 0aHi
6y/1u NPOaHANi308aHI 3a 00NoMo20t0 SPSS sepcii 24. Pe3ynemamu 6yau npedcmaesneHiy eidcomkax i yacmomax.

Pe3ynbTaTW. Y ybomy 0ocnioxeHHi 47,4% pecnoHoeHmig 6yu Yonosikamu ma 52,6% xciHkamu. I3 362an6Hoi

Kinlbkocmi y4acHukie docnioxeHHs 52,3% pecnoHOeHmMie nogHicmto 3200Hi 3 mum, wo ncuxiampis 6yna
WIAaHOBAHO 20/1Y33K0 MEOUYUHU, A 56,7% NOBHICMIO 3200Hi 3 MUM, U0 NCUXIaMPisi MAKOXC M€ 6ymu 8aM#U/1UBOH
YacmuHot MeduYHOI HasyaneHoi npozpamu, we 19,4% pecnoHdeHmie 00CnidHeHHs po3z2aadarome ii AK
Kap'epHUll 8ubip, Modi Ak binbWicme He 88aXAN0, WO NCUXiampis Mae 6ymu 8 cnucKy 8apiaHmis Kap’epu.

BUCHOBKMW. Y 4b0My 00CnioHeHHi cmydeHmu cmapwux Kypcie MBBS deMoHcmpyoms 6insw nosumusHe
cmaesieHHs 00 ncuxiampii HiX cmydeHmu Moa00wux Kypcie. bazamo cmydeHmie esaxcanu yeli npedovem
WAHOBAHUM | 8aXU1UBOIO 2a/1Y33t0 MEOUYUHU 0/151 c8020 8UbBOPY npoecii. OOHAK y 8idnoesidsx, ujo cmocyromecs
HQASIBHO20 NiKYBAHHSA MO OCMAHHIX meHOeHYil y yili 2a1y3i, cnocmepieascs HedoiK 3HaHbL Ma 06i3HaAHOCM.

KJ/IIOYOBI C/IOBA: cTaBneHHs; CTyaeHTU 6akanaBpaTy MeguyHoro ¢pakynbTeTy; ncuxiaTpis;
IHAin.
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ANTIOXIDANT PROTECTION IN WHITE RATS ON THE BACKGROUND
OF DRINKING WATER USE WITH EXCESSIVE NITRATE CONCENTRATION

M. V. Danchyshyn, O. V. Lototska
I. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE

Background. The problem of nitrate pollution in terms of its scale and consequences has reached a global
level. Approximately one-third of groundwater bodies for which information is currently available exceed the
maximum allowable concentrations of nitrates in drinking water.

Objectives. The aim of the research is to study the features of antioxidant protection in the body of white
rats on the background of drinking water with excessive concentrations of nitrates for 30 days regarding the age.

Methods. The experiment was performed on 2 groups of outbred white female rats of different age (mature
and immature), 30 animals each, divided into 5 subgroups, which differed in the quality of drinking water they
consumed independently. In a 30-day study, nitrates were given to rats with drinking water at a dose of 50, 150,
250, 500 mg of sodium nitrate per liter. The animals of the control group drank water from the city water supply.
The effect of nitrates on superoxide dismutase (SOD), catalase (CAT) and ceruloplasmin (CP) in the serum of rats
was evaluated.

Results. The research has shown increased SOD, CAT and CP in blood serum on the background of drinking
water with a nitrate concentration of 150 to 500 mg/I in the experimental groups of animals of both ages.
According to the research, the most significant changes in parameters are caused by drinking water with nitrates

at a concentration of 500 mg/I. More significant changes were in immature animals then the mature ones.
Conclusions. Excessive concentrations of nitrates in drinking water adversely affect the body of experimental
animals causing activation of the studied parameters of the antioxidant system.
KEYWORDS: drinking water; nitrates; superoxide dismutase; catalase; ceruloplasmin.

Introduction

The problem of nitrate pollution in terms of
its scale and consequences has reached the
global level. It consists in total pollution of the
biosphere, deterioration of plant agricultural
products and drinking water, negative impact
on the human body, especially young children
and farm animals. Approximately one third of
the groundwater bodies, for which information
is currently available, exceeds the maximum
permissible concentrations (MPC) of nitratesin
drinking water that is equal to 50 mg/dm?.
Monitoring of nitrate levels in groundwater in
different districts of Ternopil region showed
that the maximum concentration ranges from
1.1to 7.3 times or from 55 to 365 mg/l and even
more [1, 2]. This is due to the widespread use
of nitrogen-containing organic and inorganic
fertilizersin agriculture. However, unfortunately,
residents of houses have been using such water
for drinking for many years, because nitrates,
*Corresponding author: Maryana Danchyshyn, PhD student,
I Horbachevsky Ternopil National Medical University, Ternopil,

46002, Ukraine.
E-mail: danchyshyn@tdmu.edu.ua

even their excessive concentrations are not felt
or tasted by humans.

Nitrates are non-toxic, but entering the
gastrointestinal tract they are reduced to
nitrites, which due to their oxidizing properties
are ten times more toxic than nitrates. Nitrites
are absorbed into the blood, and consequently
reach tissues. The main mechanism of nitrite
toxicity is the oxidation of Fe? to Fe¥, the
conversion of hemoglobin into methemoglobin
(MetHb) [3].

The use of nitrates with drinking water
affects the nervous and cardiovascular systems,
development of embryos; it can cause colorectal
cancer, thyroid disease and neural tube defects
[4, 1]. When systematically ingested, they can
lead to disorders of the endocrine and central
nervous system, blood circulation, etc. [5].

In addition, it is established that nitrites in
the presence of amines can form N-nitrosamines,
which have carcinogenic activity. Nitrates can
also inhibit the enzyme systems involved in
tissue respiration. As a result, a large number
of free radicals is formed. At the same time, at
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the cellular level the processes of free radical
oxidation of phospholipids of biological cell
membranes take place that lead to development
of oxidative stress [6].

This can be overcome by reducing the
intensity of lipid peroxidation (LPO) in the body
with antioxidant system (AOS) which controls
and inhibits all stages of reactions of free
radicals capable of damaging the cell from their
initiation to formation of hydroperoxides and
malonic dial [7].

This protective system combines a number
of substances of different nature; each of them
acts in close contact with its other structural
elements, harmoniously complements, and in
many cases enhances the action of each other.
The main antioxidants of blood plasma are
superoxide dismutase (SOD), catalase (CAT)
and ceruloplasmin (CP) [8, 9]. When an
organism is in unfavorable living conditions, in
particular ecological, or when it is exposed to
adverse factors the activity of these antioxidants
increases sharply [10].

Therefore, the aim of the research was to
study the features of antioxidant protection in
the body of white rats on the background of
drinking water with excessive concentrations
of nitrates for 30 days regarding the age.

Methods

The study was conducted on 60 outbred
white female rats which were kept on the
standard diet of the vivarium of I. Horbachevsky
Ternopil National Medical University. Animals
were divided into 2 age categories: the 1%t ca-
tegory - 30 mature animals weighing 180-200 g
and the 2" - 30 immature animals weighing
60-80 g. The experimental animals of each age
category were divided into 5 groups with 6 rats
in each. The groups were selected by rando-
mization. The animals of control group drank
drinking water from the city water supply. The
rats of the 15t group drank drinking water with
nitrate content of 50 mg/I, the 2" - 150 mg/|,
the 3 - 250 mg/l, the 4™ - 500 mg/I. To create
model aqueous solutions, drinking water from
city water supply was used; taking into account
background concentrations, sodium nitrate
(NaNO,) was added into it to create aqueous
solution with nitrates at a dose of 50, 150, 250,
500 mg per liter. The experiments were per-
formed in accordance with the European Con-
vention for the Protection of Vertebrate Animals
Used for Research Purposes (Strasbourg, 1986)
[12] and the norms of biomedical ethics and
the “General Ethical Principles of Animal Expe-

riments” adopted by the First National Congress
on Bioethics (Kyiv, 2001).

The animals were taken out of the experi-
ment by bloodletting under thiopental-sodium
anesthesia in 30 days after the beginning of the
experiment.

The activity of catalase (CAT), ceruloplasmin
(CP) and superoxide dismutase (SOD) was de-
termined in the serum by means of a semi-
automatic biochemical analyzer Humalyzer
2000 using standard kits by HUMAN diagnostics
(Wiesbaden, Germany). The kits used for eva-
luation of CAT, CP and SOD were adapted for
their determination in animal serum. The re-
sults were statistically processed using compu-
ter programs STATISTICA 10.0 and Excel 2010.
The choice of statistical research method was
based on the correct distribution of the studied
features. Further pairwise comparison of
groups was performed using the Mann-Whitney
U-test, the statistical significance p<0.05.

Results

The results of our studies showed that when
drinking water with different concentrations of
nitrates, the AOS of the experimental animals
of both ages underwent significant changes.

The key enzyme of AOS is SOD. It was found
that the level of SOD, CAT and CP in the 1=t
experimental group of both age categories did
not differ significantly from the data in the
control group.

Theincrease in SOD activity in other groups
of experimental rats of both ages compare to
the controls was directly proportional to the
concentration of nitrates in water. The level of
SOD in the 2" group of mature animals in-
creased significantly by 43.7%, in the 3 - by
56.2% and in the 4" - by 62.5% (Fig. 1).

In the immature animals, a more significant
increase was evidenced. Thus, in the 2" group
the activity of SOD significantly increased by
61.1%, in the 3" - by 94.4%. However, the activity
of SOD increased the most in the 4" group - by
116.6% (Fig. 2).

SOD always works in conjunction with CAT,
which converts hydrogen peroxide to water and
molecular oxygen. When determining the acti-
vity of CAT in the serum of mature animals it
increased by 16.0% in the 2" group, in the 3 -
by 30.5% (p<0.05), and in the 4" group - by
97.2% (p<0.05) compare to the control (Fig. 3).

In the immature animals, insignificant
increase in the activity of this parameter was
found in the 2" and 3 groups (by 6.7% and
18.3%, respectively). However, in the animals
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Fig. 1. The level of superoxide dismutase in the serum of mature experimental animals when drinking
water with different concentrations of nitrates (unit/g).
Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.
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Fig. 2. The level of superoxide dismutase in the serum of immature experimental animals when drinking
water with different concentrations of nitrates (unit/g).
Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.

of the 4™ group the parameter increased by
28.8% (p<0.05) compare to the control group
(Fig. 4).

The nonenzymatic part of AOS was assessed
for the presence of CP in the blood serum,
which is also one of the main antioxidants in
the human's body. A main feature of this
protein is its high stability to the toxic action of
reactive oxygen species which allows it to
maintain biological activity under conditions of
their intensive generation [7, 8].

Increased level of CP in both age categories
was established; it differed not much. In the 2

group of mature animals the parameter in-
creased by 22.1%, in the 3 group - by 23.4%,
in the 4™ group - by 53.3% (p<0.05) (Fig.5).

The number of SR in the immature animals
of the 2" group increased by 28.4%, in the 37 -
by 39.0% (p<0.05), in the 4™ - by 61.0% (p<0.05)
(Fig. 6).

Discussion

According to the literature the antioxidant
substance in the cell is present at low concen-
trations and significantly reduces or prevents
oxidation of the oxidizable substrate. The most
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Fig. 3. The level of catalase in the serum of mature animals when drinking water with different concentra-

tions of nitrates (mcat/l).

Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.
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Fig. 4. The level of catalase in the serum of immature animals when drinking water with different concen-

trations of nitrates (mcat/I).

Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.

efficient enzymatic antioxidants contain glu-
tathione peroxidase, catalase and superoxide
dismutase. SOD is one of the most potent
intracellular enzymatic antioxidants, and it
catalyzes the conversion of superoxide anions
to dioxygen and hydrogen peroxide. The
hydrogen peroxide is removed by catalase. This
enzyme is present in the peroxisome of aerobic
cells and is very efficient in promoting the
conversion of hydrogen peroxide to water and
molecular oxygen [13]. An increase in the acti-
vity of CAT and SOD is usually observed in cases
of environmental pollutants since SOD-CAT
system represents the first line of defense

against oxidative stress [14, 15]. According to
Krishnamoorthy and Sangeetha [16], sodium
nitrite (300 mg/kg body weight) significantly
increased the lipoperoxidation and the activities
of liver marker enzymes such as alanine amino-
transferase, aspartate aminotransferase, acid
phosphatase and lactate dehydrogenase.
Analyzing the dynamics of changes in the
activity of AOS in the serum of rats, significantly
higher SOD against CAT and CP were established.
The SOD interrupts the chains of oxygen-de-
pendent free radical reactions, causing dismu-
tation of the superoxide anion radical with the
release of hydrogen peroxide, which may
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Fig. 5. The level of ceruloplasmin in the serum of mature animals when drinking water with different con-

centrations of nitrates (mg/l).

Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.
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Fig. 6. The level of ceruloplasmin in the serum of immature animals when drinking water with different

concentrations of nitrates (mg/l).

Note: * - the differences are significant comparing to the control group (p<0.05). Error bars indicate + standard deviation of

the mean after three replicates.

precede formation of the most toxic hydroxyl
radical (OH’) and triplet oxygen [10]. Increased
activity of SOD is an additional damaging factor
and may cause pathological processes as a
result of increased cytotoxic action of hydrogen
peroxide, formed as a result of dismutation of
superoxide [8]. The increase of CAT in serum
does not exclude the presence of cytolysis on
the background of drinking water with different
concentrations of nitrates, because CAT is an
intracellular enzyme and its increased activity

in the blood occurs in cases of increased per-
meability of cell membranes.

CP neutralizes free radicals and protects cell
membranes due to its ability to inhibit lipid
peroxidase. It prevents activation of the floor,
formation of toxiciron ions and damage to cell
membranes. This enzyme acts as an “extra-
cellular superoxide dismutase” neutralizing
superoxide anions in the extracellular envi-
ronment, blood, amniotic and cerebrospinal
fluid, muscle, kidney and myocardium. CP
increases with iron deficiency and excessive
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copper, in response to hypoxia, insulin, throm-
bin, estradiol, proinflammatory cytokines [11].
Increased oxidation processes are extremely
crucial in the genesis of many pathological
conditions, including inflammatory lesions of
various tissues. In case of increased intake of
xenobiotics, depletion of antioxidant depots
and influence of negative factors, oxidative
stress develops; it is characterized by pro-
oxidant and antioxidant disbalance and de-
velopment of oxidative damage [17].

Conclusions

The study allowed drawing the conclusion
that excessive concentrations of nitrates in
drinking water adversely affected the body of
experimental animals causing activation of the
studied parameters of the antioxidant system.
As a result, the increased activity of SOD, CAT

and CP in blood serum against consumption of
drinking water with concentration of nitrates
from 150 to 500 mg/l within 30 days in the
experimental groups of both age categories
has been revealed. The most pronounced
changes in the parameters were regarding
drinking water with nitrates at a concentration
of 500 mg/l. The changes were more pronounced
in immature animals then in the mature ones.
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OCOBJINBOCTI AHTUOKCHAAHTHOI'O 3AXHUCTY B OPTAHI3MI BI/TUX
IIYPIB HA TJII B)XUBAHHA ITUTHOI BOAX 3 IIOHA/THOPMATHBHOIO

KOHIEHTPAIIIEIO HITPATIB

M. B. flaHuuniuH, O. B JloToubKa

TEPHOIML/IbChbKUI HAUIOHAIbHN MEANYHUI YHIBEPCUTET IMEHI I. 8. FOPEAYEBCHKOIO MO3 YKPAIHY,

TEPHOIL/Ib, YKPAIHA

BcTyn. [pobaema 306pydHeHHs 008KinAA Himpamamu 3a c8oiMu Macwmabamu ma Hacriokamu suliwna
Ha 2n06anbHUll pigeHs. Mpubau3HO 8 00HIl MpemuHi nid3eMHUX 800HUX 06’ekmie, U000 SKUX HAPA3i docmynHa
iHpopMayis, nepesuLyeHo epaHUYHO 0onycMuMi KOHYeHmMpayii emicmy Himpamie y numHili 800i.

MeToto yiei po6omu cmasno eug4yeHHs 0C06aU80CMI AHMUOKCUOAHMHO20 3aXUCMY 8 0P2aHI3MI binux wypie
HO mAi 8XUBAHHS NUMHOI 800U 3 NOHAOHOPMAMUBHOK KOHUeHmpauieo Himpamie enpodoexc 30 dHie &

3anexHocmi 8id 8iky.

MaTepianun. EkcnepumeHm npogoounu Ha 2 2pynax 6e3nopodHUX binux CaMok-wypie pi3Hoz2o eiky

BIOMEDICAL SCIENCES

(cmameego3pinux ma cmameegoHe3pinux) no 30 0CO6UH y KOXCHIl, po30dineHUx Ha 5 nidzpyn, ki eiopizHAAUCS 3a
SKICMH0 NUMHOI 800U, SIKY BOHU CNOXCUBAAU cCaMOCMIliHO. Y 30-0eHHOMY 00CioXeHHI Himpamu daeanu wypam
Y numHiii eodi e 003i 50, 150, 250, 500 m2 Himpamy Hampiro Ha aimp. TeapPUHU KOHMPOALHOI 2pyNU NUAU 800y
3 Miceko2o 8000npoeody. OyiHO8ANU 8NAUS HIMpamie HaO akmugHicMe cynepokcudoucmymasu (COA), kamanasu
ma yepynonaasmiHy (CP) e cuposamuyi kposi wjypis.

PesynbTaTW. Y pe3ysnemami docnioxeHs suseneHo nidsuwjeHy akmusHicme COJ, kamanazu ma CP y
cuposamuyi Kpoei Ha Mai 8XCUBAHHS NUMHOI 800U 3 KOHUYeHMpayieo Himpamie gid 150 0o 500 ma/n y
niddocnioHux epynax o6ox eikosux kamezopili. BcmaHoeneHo, wo Halibinbw eupax@ceHi 3MiHU NOKA3HUKiI8
BUK/IUKAE B#CUBAHHS NUMHOI 800U 3 HImpamamu y KoHyeHmpayii 500 ma/n. binbw supaxceHi 3mMiHU 6yau y
cmameego He3pinux MmeapuH.

BucHOBKW. [lpucymHicme Himpamie y numHili 800i y NOHAOHOPMAMUBHUX KOHYEHMPAYisx He2amusHo
8N/UBAE HA OP2AHI3M NiOOOCAIOHUX MBAPUH, BUKAUKAHYU AKMUBAYiH0 00CAIOHY8AHUX NOKA3HUKI8
QHMUOKCUOAHMHOI cucmemu.

K/TFOYOBI C/IOBA: nnTHa BOAA; HiTpaTn; CynepoKkcMAAUCMYTasa; KaTasasa; uepynonaasmiH.
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SUBMICROSCOPIC CHANGES IN HEMOCAPILLARIES OF ADRENAL
GLAND AND PANCREATIC ISLETS OF LANGERHANS IN CASES
OF IMMOBILIZATION STRESS WITH UNDERLYING HYPOTHYROIDISM

I. M. Klishch’, *A. V. Dovbush', H. O. Havryliuk-Skiba?, O. P. Andriyishyn'
1 - 1. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE
2 - BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE

Background. Today, among the increasing number of various diseases, stress is a trigger in the development
of diseases and mortality among the population.

Objective. To establish submicroscopic changes in the hemocapillaries of the islets of Langerhans of the
pancreas and adrenal glands in the presence of immobilization stress with underlying hypothyroidism.

Methods. The experiment was carried out on 20 mature white male rats. Hypothyroidism was modeled by
daily per os injection with a probe of the pharmacopoeial mercazole thyreostatics at a dose of 25 mg/kg for 21
days. Acute immobilization stress was modeled by tying the experimental rats in a supine position in 4 limbs
without restricting head mobility for 3 hours. The study was conducted 2 hours later (anxiety stage) after the end
of the stress impact. The material was collected for electron microscopy and tissue processing was performed
according to generally accepted methods.

Results. Electron microscopic examination of the blood capillaries of the islets of Langerhans in the pancreas
and the hemocapillaries of the adrenal cortex after the action of the stress factor in cases of hypothyroidism
showed slightly enlarged lumens and moderate perivascular edema. The basement membrane was moderately
thickened but clearly contoured. Endotheliocyte nuclei were mostly hypertrophied, euchromatin was uniformly
located in the nucleoplasm, and nucleoli were defined. The karyolemma was clearly contoured, the number of
nuclear pores was small, and the perinuclear lumen was locally widened. Endoplasmic reticulum with moderately
expanded and short tubules, moderately thickened cisterns of the Golgi complex were observed in the cytoplasm
of endotheliocytes. There were two types of mitochondria: hypertrophied with an electron-light matrix, single
cristae, and with clear visible cristae and a moderately electron-dense matrix. In addition to the capillaries
mentioned above, there were also single narrowed microvessels that had perivascular edema and vaguely

BIOMEDICAL SCIENCES

contoured fenestrae.

Conclusions. When modeling a stressor in cases of hypothyroidism, structural changes of all components
of the walls of blood capillaries of the pancreas and adrenal glands take place.
KEYWORDS: stress, pancreas, adrenal gland, submicroscopic changes, hemocapillaries.

Introduction

Today, among the increasing number of
various diseases, stress is a trigger in the deve-
lopment of diseases and mortality among the
population. Stress is a non-specific reaction of
the body in response to a very strong effect or
stimulus from the environment, which can sig-
nificantly affect the body increasing the chances
of development of pathological conditions and
diseases [1, 2, 3, 4]. It is established that the
thyroid gland hormones have a significant in-
fluence on the functions of the body as a whole;
therefore, their dysfunction - hypothyroidism
(reduced production of thyroid hormones) is
one of the main endocrine pathology [5, 6]. The
*Corresponding author: Andriy Dovbush, Assosiate Professor,
Department of Histology and Embryology, 1. Horbachevsky

Ternopil National Medical University, Ternopil, 46002, Ukraine.
E-mail: dovbush@tdmu.edu.ua

cells of the endocrine part of the pancreas and
endocrinocytes of the adrenal glands produce
a complex of hormones that regulate most of
the vital functions of the body, provide metabolic
processes responsible for maintaining body
homeostasis in general and stressful conditions
in particular. As a result of the action of the
stress factor, a structural rearrangement of
both the components of the organs and their
microcirculatory bed take place; the blood-
filled, dilated vessels and remodeling of the
hemocapillary wall are the signs of microcir-
culation disorders. In recent decades, the nega-
tive effect of the stress factor on various human
organs has already been proven. However, the
state of the hemocapillaries of the endocrine
glands in cases of immobilization stress with
underlying hypothyroidism is studied insuf-
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ficiently and necessitates detailed research [5,
6,7,8,9].

Therefore, the aim of our work was to
establish submicroscopic changes in the
hemocapillaries of the islets of Langerhans of
the pancreas and adrenal glands in cases of
immobilization stress with underlying hypo-
thyroidism.

Methods

The experimental part was carried out on
20 mature white male rats with a body weight
of 200-250 g, which were kept in the vivarium
of I. Horbachevsky Ternopil National Medical
University. The object of the study was the
pancreas and adrenal glands. Hypothyroidism
was modeled by daily per os injection with a
probe of the pharmacopoeial mercazole thyreo-
statics (Health, Ukraine) at a dose of 25 mg/kg
for21 days. The completeness of hypothyroidism
was monitored by measuring the concentration
of triiodothyronine and thyroxine in blood
serum, as well as by the dynamics of the ani-
mals’ weight and their motor activity. Acute
immobilization stress (AIS) was modeled by
tying the experimental rats in a supine position
in 4 limbs without limiting the mobility of the
head for 3 hours. The study was conducted 2
hours later (anxiety stage) after the end of the
stress impact [10, 11]. All studies on animals
were carried out in compliance with the inter-
national rules and principles of the “European
Convention for the Protection of Vertebrate
Animals Used for Research and Other Scientific
Purposes” (Strasbourg, France, 1986) and the
Law of Ukraine No. 3447-IV “On Protection of
Animals from ill-treatment”, dated 21.02.2006.
For electron microscopy, pieces of the
pancreas and adrenal glands were fixed in a
2.5% glutaraldehyde solution with an active
reaction medium of pH 7.3-7.4. After fixation,
they were washed with a buffer solution for
30 minutes. Postfixation was carried out with a
1% osmium tetroxide solution in the Millonig’s
buffer for 60 minutes; after that it was dehyd-
rated in alcohols and propylene oxide and em-
bedded into a mixture of epoxy resins. Sections
were made on the LMB 4801 A ultramicrotome
contrasted with uranyl acetate, lead citrate
according to the Reynolds method and studied

using an electron microscope PEM-125K [12].

Results

During the electron microscopic study in
the blood capillaries of the pancreatic islets of
Langerhans 2 hours after the end of the action

of the stressor factor in cases of hypothyroidism,
the ultrastructural rearrangement of the hemo-
capillary wall was insignificant. Moderate
perivascular edema of fenestrated hemoca-
pillaries was observed. Their lumens were
slightly widened, they showed aggregation of
erythrocytes and leukocytes. The basement
membrane was moderately thickened, but
clearly contoured; pericytes with compacted
nuclei were adjacent to it. The plasmolemas of
endotheliocytes were not clearly defined, and
some areas of the lumenal surface contained
cytoplasmic outgrowths, fenestrae were defi-
ned in the peripheral cytoplasmic areas, some
were vaguely contoured. Endotheliocyte nuclei
were mostly hypertrophied, of a round shape;
euchromatin was uniformly located in the nuc-
leoplasm, but heterochromatin was marginally
accumulated, and nucleoli were identified. The
karyolemma was clearly contoured, the number
of nuclear pores was small, the perinuclear
lumen was locally widened. In the cytoplasm of
endotheliocytes, there were areas of lightening,
swollen mitochondria with a compacted matrix
and clear cristae, slightly expanded tubules of
the endoplasmic reticulum with a moderate
number of ribosomes; and moderately thicke-
ned cisterns of the Golgi complex were obser-
ved. The number of micropinocytotic vesicles
decreased in the cytoplasmic areas (Fig. 1).
Electron microscopic studies of the hemo-
capillaries of the adrenal cortex in 2 hours after
the action of the stress factor in cases of hy-
pothyroidism showed structural changes in the
walls of microvessels. The lumens of some
hemocapillaries were slightly dilated, filled with
blood, in addition to erythrocyte stasis, a few
leukocytes were also present. Platelets some-
times were attached to the lumenal surface of
the endothelium. There were no signs of dia-
pedesis of the formed blood elements into the
perivascular space. The nuclei of some en-
dothelial cells were of elongated shape, the
inner and outer nuclear membranes were
clearly contoured, but they formed deep intus-
susceptions in some areas. The karyoplasm was
mostly electron-bright due to the predominance
of euchromatin in it, but there were also clumps
of heterochromatin, which was mostly present
in the area of the karyolemma. Nucleoli were
small or absent. The endoplasmic reticulum was
represented by expanded and short tubules.
The number of pinocytotic vesicles and free
ribosomes in the cytoplasm was insignificant
and moderately distributed in the cytoplasm.
Some mitochondria located near the nucleus
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Fig. 1. Ultrastructural changes in the hemocapillary of the rat pancreas in 2 hours (anxiety stage) after the
end of the exposure to a stressor in cases of hypothyroidism.

A. 1 -capillary lumen with erythrocytes, 2 - endotheliocyte nucleus, 3 - endotheliocyte cytoplasm, 4 - base-
ment membrane, 5 - endocrinocyte fragment. TEM x12,000.

B. 1 - lumen of a capillary, 2 - endotheliocyte, 3 - basement membrane, 4 - fragment of an endocrinocyte.

TEM x14,000.

had signs of swelling, were hypertrophied, with
an electron-light matrix and single cristae.
However, there were also mitochondria with
clear visible cristae and a matrix of moderate
electron density.

The Golgi complex was formed by frag-
mented, shortened cisternae and vacuoles.
Peripheral areas of the cytoplasm had both
thinned and sometimes locally thickened zones;
fenestrae were clearly defined. The basement

membrane of blood capillaries contained both
locally thickened and thinned areas, moderate
perivascular edema was observed in some
places. Pericytes were found around the he-
mocapillaries; their processes were located in
the splits of the basal membrane. The cyto-
plasm of pericytes contained indistinct tubules
of the endoplasmic reticulum and cisterns of
the Golgi complex; mitochondria were of a
round-oval shape, ribosomes were single.

(=p)
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Osmiophilic cell nuclei were of an oval or round
shape. In the cortex of the adrenal glands, in
addition to capillaries with an enlarged lumen
and the presence of clear fenestrae in the
endothelium, there were also single narrowed
microvessels with perivascular edema and
vaguely contoured fenestrae. The nuclei of the
endothelial cells of these hemocapillaries were
of a chimeric shape; the membranes of the
karyolemma formed numerous intussuscep-

tions. The electron-light cytoplasm of such
endotheliocytes contained rare destructively
altered organelles: some mitochondria were
enlarged, with signs of swelling, the tubules of
the endoplasmic reticulum were shortened and
expanded, and the cisterns of the Golgi complex
were rare. The basement membrane was in-
distinct and contained areas of uneven thick-
ness. Pericytes also showed signs of edema
(Fig. 2).
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Fig. 2. Ultrastructural changes in hemocapillaries of the zona fasciculata of the rat adrenal cortex in 2 hours 5
(anxiety stage) after exposure to a stressor in cases of hypothyroidism. E
A. 1 - capillary lumen with erythrocytes, 2 - endotheliocyte nucleus, 3 - basement membrane, 4 - a frag- 0
ment of an endocrinocyte. TEM x12,000. >
B. 1 -narrow capillary lumen, 2 - endotheliocyte nucleus, 3 - basement membrane, 4 - perivascular edema. @)
TEM x16,000. )
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Discussion

The study of hemocapillaries of the en-
docrine part of the pancreas and adrenal cortex
in cases of immobilization stress with underlying
hypothyroidism showed some similar changes
in the structure of the walls of microvessels.
Thus, the presence of a moderate perivascular
edema, erythrocyte aggregation in the lumen
of fenestrated hemocapillaries, a thickened
basement membrane, and the presence of
swollen mitochondria in the cytoplasm of endo-
theliocytes showed typical changes charac-
teristic of the organ response in the stage of
anxiety after stress factor exposure. However,
unlike the pancreas, the adrenal glands were
characterized by the presence of capillaries with
both widened and narrowed lumens, which
clearly indicated the significance of these
glands in the body response to stress and the
release of hormones into the blood.

According to some studies [13] the use of
only short-term immobilization is partially con-
sistent with our results as a stress factor does
not cause negative changes in the rats’ body.
However, other authors [2] believe that the
body of rats begins responding to stress in the
early stages and later enters the adaptation
state. Similar research for morphological chan-
ges [3] established that the use of additional
stressful factors (for example, a change in the
temperature regime) were manifested by car-
dinal changes in the organs; however, the
impact of the additional stress factor turned
out to be a more damaging factor than the
increased immobilization load (the longer and
more diverse the stress, the more significant
changes in internal organs) that is consistent
with the results of our research.

Schur MB [14], in the study of the effect of
experimental hypothyroidism on the micro-
circulatory bed in the retina of rats, describes
the presence of typical dilated hemocapillaries
of vascular walls with aggregation of erythro-
cytes and platelets in the lumen of vessels with
destructively altered nuclei of endotheliocytes
that had deep invaginations of karyolemmas
and densely packed adjacent heterochromatin.
Hemocapillaries with a narrowed lumen and
perivascular edema were also present in the
retina that is consistent with our research and
proves development of destructive changes

caused by experimental pathology of the
thyroid gland. Similar changes were evidenced
in the research [15] of hemocapillaries of the
lateral pterygoid muscle in hypothyroidism.
Thus, the most significant manifestation of
changes in the structure of hemocapillary walls
were edematous and dystrophic changesinthe
dynamics of the experiment. Thus, deformation
of the lumen of the most capillaries was ob-
served; the basement membrane was disineg-
rated and thickened; the perivascular area was
expanded and vacuolated, that is also partially
consistent with our research.

Conclusions

The study showed that when simulating a
stressor in cases of hypothyroidism, structural
changes of all components of the walls of blood
capillaries of the pancreas and adrenal glands
took place. However, the blood capillaries in
the adrenal glands underwent more intensive
changes compare to the capillaries of the panc-
reatic islets, which indicated the significance of
these glands in the organ response to stress.
The changes had adaptive-compensatory and
partially alterative disturbances, which were
manifested by blood filling or narrowing of their
lumens as a result of slight swelling of the
capillary wall components. The nuclei changed
their shape, the content of heterochromatin in
the karyoplasm increased, and the perinuclear
space expanded locally. Clearing of the cyto-
plasm with slightly changed organelles, de-
creased number of fenestrae in the cytoplasmic
areas, and uneven thickening of the basement
membrane were established. The detected
changes indicate disturbed microcirculation in
the organ, which probably led to dysfunction
of the organs and the body as a whole.
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CYBMIKPOCKOIITYHI SMIHH I‘EMOKAHIJIHPIB_HA,Z[HHPKOBOT 3AJI0O3U
TA OCTPIBIIB JIAHTEPTAHCA IIIAIIIVIVHKOBOI 3AJI031 3A YMOB
IMMOBLITISAIIIMHOT'O CTPECY HA TJII TIIIOTHPEO3Y

I. M. Kniwy', A. B. Jios6yw’, I'. O. FaBpuniok-Ckn6a?, O. M. AHAPIilUnH'

1 - TEPHOMI/IbChbKWIA HALIOHAJIbHV MEANYHW YHIBEPCUTET IMEHI 1. 8. FOPEAYEBChKOIO
MO3 YKPAIHW, TEPHOIL/Ib, YKPAIHA

2 - HAUIOHAJIbHWV MEANYHW YHIBEPCUTET IMEHI O. O. 50rOMOJIbLIS, KUIB, YKPAIHA

BcTyn. Y cydacHomy ceimi ceped 3pocmaro4oi Kinbkocmi pi3HOMAHIMHUX 30X80PHOBAHb, CMpec € NYCKOBUM
MEXAHI3MOM Yy pO38UMKY 30X80PHBAHb MU CMEPMHOCMI Ceped HaCeNeHHS.

MeTa. scmaHo8neHHA CybMiKpOCKONiYHUX 3MiH 2eMoKaninsapie ocmpisyie JlaHzepeaHca nidwnyHKoeoi
30/103U Ma HOOHUPKOBUX 307103 30 yMO8 iMMOG6INi3ayiliHo20 cmpecy Ha mJi 2inomupeosy.

MeTtopu. ExcnepumeHm nposedeHuli Ha 20 cmamegospinux 6inux wypax camysax. linomupeos modenrosanu
W00eHHUM 88e0eHHAM per 0S papmMakoneliHo20 MupeocmamuKka Mepkasoniny y 003i 25 me/ke hpomsazom
21-i dobu. focmpuli immob6inizayiliHuli cmpec Modenro8anuU WAAXOM NPUB’a3y8aHHA Nid00CAIOHUX wypie y
NoA0X#eHHI Ha CNUHI 30 4 KiHYieKu 6e3 0bMedxceHHsA pyxausocmi 20108U mpusanicmio 3 200UHU. JoCnioHeHHS
nposodunu yepes 2 200UHU (CcMadis mpusoau) nics 3aeepuieHHA 0ii cmpecopHo20 pakmopa. [ns enekmpoHHoOI
MiKpockonii 3a6ip mamepiany ma {io2o nposedeHHS 30iliCHHB8ANU 32i0HO 302016HONPUTHAMUX MEeMOJUK.

Pe3ynbTaTwn. [Ipu enekmMpoHHOMIKPOCKONiIYHOMY A0CNi0MeHHI KPOBOHOCHUX Kaninapie ocmpisyis
JlaH2ep2aHca nidwayHKOBOI 3a/103U ma 2eMOoKanifApie Kopu HAOHUPKOBUX 307103 nicaA Oii pakmopy cmpecy Ha
mai 2inomupeo3y cnocmepi2anuce He3HAYHO PO3WUPEHI NPocsimu Mma NOMipHUG nepusackyapHUU HaObPAK.
bazasbHa MeMOpPAHa NOMIPHO NOMOBWEHA, ane Yimko KOHMyposaHd. A0pa eHOomenioyumie nepesadcHo
2inepmopodoeaHi, 8 HyK1€0NAA3MI PIBHOMIPHO PO3MAWOBAHUL €YXPOMAMUH, 8U3HAYaAUCA s0epys. Kapionema
YimKo KOHMYPOBAHQA, KifbKICMb A0epHUX NOP HeseauKa, NepuHyKaeapHUl npocsim 10KAAbHO po3wupeHul. B
yumonnasmi eHoomenioyumie cnocmepieanu eHooNAA3IMAMUYHy CimKy 3 NOMiPHO PO3WUPEeHUMU Ma KOPOMKUMU
KQHAAbYAMU, NOMIPHO NOMOBWeHUMU YucmepHAamMu Komnaekcy [one0xc. HaseHi 08a munu MimoxoHOpil:
2inepmpodo8aHi 3 e16KMPOHHONPOCBIMACHUM MAMPUKCOM, NOOOUHOKUMU KpUCMAMU ma 3 YimKumMu Kpucmamu
i MaMpUKCOM NOMIpHOI enekmpoHHOI winbHocmi. Kpim suuje 3200aHUX Kaninapie 6y/au makox nooouHoKi
38yCeHI MiKpOCYOUHU, Uj0 MA/AU NepUBACKyAAPHUL HABPAK Ma HeYimKo KOHMyposaHi peHecmpu.

BUCHOBKMW. [Ipu M0Oen08aHHI CmpecopHo20 akmopa Ha mi 2inomupeosy 3mMiHU 8i0bysaromecs y 8Cix
CMpPYKMypHUX KOMNOHEHMax CMiHOK KpOBOHOCHUX KaNifApie nidwayHKO80i ma HAOHUPKOBUX 30/103.

KJTOUOBI CJTOBA: cTpec; nigLlayHKoBa 3a103a; HaAHUPKOBA 3a/103a; Cy6MiKpOCKONiYHi 3MiHW;
remokaninspu.
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STRUCTURAL ORGANIZATION OF RAT TISSUES IN EXPERIMENTAL
COMBINED TRAUMA OF THE CHEST AND BOTH THIGHS

*M. Marushchak?, O. Mialiuk? M. Kaskiv?, M. Demjanchuk? I. Krynytska'
1 - 1. HORBACHEVSKY TERNOPIL NATIONAL MEDICAL UNIVERSITY, TERNOPIL, UKRAINE
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Background. In cases of severe trauma, fractures of long bones are the most often combined with trauma
of the chest, head, and abdomen, as well as development of hemorrhagic shock. Therefore, it is reasonable to
study the combined trauma of the chest and lower extremities in details, as well as the post-traumatic multiple
organ dysfunction especially in early manifestation stage.

Objective. The aim of the study was to identify the features of structural organization of the lungs, heart
and liver with underlying combined trauma of the chest and both thighs on the 7% day of the post-traumatic
period.

Methods. The experimental study involved 22 adult nonlinear white male rats with body mass of 200-210 g,
kept on a standard diet at animal facility with food and drinking regimes recommended by the standards for
laboratory animals. All animals were divided into 2 groups: the control group (1%, n=10), the experimental group
(the 27) chest trauma and both thighs trauma, observation for 7 days (n=12). The animals of the experimental
group were simulated for right-sided closed pneumothorax with a rib fracture by a trocar under thiopental-sodium
anesthesia (40 mg/kg of body weight of the rat, intraperitoneally); it was combined with a fracture of the left and
right femurs. Skeletal injury was modeled on each thigh that caused a closed fracture by a single dosed blow
with a specially designed device. The blow energy was 0.375 | that corresponds to a severe injury. The associated
injury was simulated by successive infliction of both injuries.

Results. Examination of the liver of animals on the 7 day of the experiment revealed a rapid growth of
lesions in their parenchyma. The central veins were poorly visible and contained single erythrocytes; the vessels
of medium caliber of myocardial stroma were dilated and blood-filled, which was manifested by the development
of perivascular oedema. In the lungs of experimental animals, a moderate decrease of interstitial tissue oedema
of the interalveolar septa was present, while cellular infiltration of mast cells, macrophages and lymphocytes

also decreased significantly.

Conclusions. Multiple organ injuries, which are characterized by structural changes in the liver, heart and
lungs in the combined trauma of the thorax and thighs on the 7% day of experiment were evidenced.
KEYWORDS: combined trauma; lungs; heart; liver; morphology.

Introduction

Atthe present time, the significantincrease
of multiple and combined traumatic injuries is
one of the major health problems in Ukraine as
well as in many countries around the world, [1]
that leads to polysystemic and multiorgan
lesions, which in turn increase mortality rate
[2, 3]. The most common injuries and major
causes of death are traumatic brain injury [4]
and chest injury [5]. According to other re-
search, limb fractures predominate in the struc-
ture of polytrauma [6, 7]. In the case of severe
trauma, fractures of long bones of the extre-

*Corresponding author: Mariya Marushchak, Professor, I. Hor-
bachevsky Ternopil National Medical University, Ternopil,
46002, Ukraine.

E-mail: marushchak@tdmu.edu.ua

mities are most often combined with trauma
of the chest, head, and abdominal organs, as
well as development of hemorrhagic shock [8].
It is established that among patients with
trauma, the frequency of polytrauma is 13.7%,
and polytrauma with combined multiple frac-
tures of long bones of the lower extremities is
0.5% [9]. The same authors note that more than
70% of chest injuries, traumatic brain injuries,
and injuries of the musculoskeletal system
(16.7% of patients have fractures of the lower
extremities) dominate as for the localization.
Therefore, it is reasonable to study the com-
bined trauma of the chest and lower extremities,
as well as the post-traumatic multiple organ
dysfunction especially in early manifestation
stage (on the 7t day).
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The aim of the study was to define the
features of the structural organization of the
lungs, heart and liver with underlying combined
trauma of the chest and both thighs on the 7t
day of the post-traumatic period.

Methods

The experimental study involved 22 adult
nonlinear white male rats weighing 200-210 g,
which were kept on a standard diet of vivarium
with food and drinking regimes at the level
recommended by the standards for laboratory
animals. All animals were divided into 2 groups:
the control group (1%, 10 animals); the experi-
mental group (2") - chest trauma and both
thighs trauma (CT + 2T), observation during 7
days (12 animals). The animals of the experi-
mental group were simulated right-sided
closed pneumothorax with a rib fracture by a
trocar under thiopental-sodium anesthesia
(40 mg/kg of the body weight of the rat, intrape-
ritoneally); it was combined with a fracture of
the left and right femurs. Skeletal injury was
modelled on each thigh that caused a closed
fracture by applying a single dosed blow by a
specially designed device [10]. The blow energy
was 0.375 ], which corresponds to a severe
injury. The associated injury was simulated by
successive infliction of both injuries. While
working with animals, the rules of handling
experimental animals were followed. Mortality
rate of animals was 16.7%.

Samples of heart, liver and lung tissues,
under the conditions of simulated associated
trauma and correction, were fixed with 1.5%
solution of glutaraldehyde in 0.2 M cacodylate
buffer (pH 7.2) at t=4 °C for 1 h. The samples
were washed with cacodylate buffer and addi-
tionally fixed with a 2% solution of osmium
tetroxide in the same buffer for 1 h (t=4 °C). The
preparations were washed from the fixatives
and dehydrated in increasing concentrations
of ethyl alcohol (50%, 70%, 90% and 100%).
Additionally, they were dehydrated in 2 changes
of propylene oxide and placed in epoxy resin
epon-812. The sections were obtained using an
ultramicrotome UMTP-6 and a diamond knife,
they were contrasted with 2% uranyl acetate
solution for 15 min and additionally with lead
citrate according to Reynolds. Sections were
observed and photographed using an electron
transmission microscope PEM-100.

All animal studies have been approved by
the appropriate bioethics committee of I. Hor-
bachevsky Ternopil State Medical University
(protocol Ne 41 of June 1, 2017).

Results

In the most severe period of the maximum
probability of complications (from 3 to 10 days)
development of respiratory hypoxia, cardiovas-
culardisorders, metabolicacidosis, programmed
and induced cell death is possible. During this
period the syndrome of multiple organ dys-
function is diagnosed. Therefore, liver, heart
and lungs were investigated as target organs
in multiple organ dysfunction during associated
traumain 7 days of the experiment. Examination
of the liver of animals in 7 days of the experiment
revealed a rapid growth of lesions in its pa-
renchyma. The central veins were poorly visible
and contained single erythrocytes. The lumens
of the sinusoids were practically not visualized,
but erythrocytes were traced in their single
preserved areas (Fig. 1). The lobular organization
of hepatocytes was disturbed, the vast majority
of cells did not have a clear structure, their
contours were not clear, the size was difficult
to visualize. The cytoplasm of hepatocytes of
all parts of the lobe was devastated, enlightened,
orgranular (Fig. 1), which indicated development
of severe protein hyaline-droplet and hydropic
dystrophy with transition to focal necrosis
(Fig. 1). The vast majority of nuclei was crump-
led, became smaller, or disappeared, but in
some cells they were visualized with loose
chromatin, multiple nucleoli. Intercellular con-
nections were largely lost.

Uneven blood supply and focal lympho- and
histiocytic perivascular infiltration were ob-
served in the vessels of the portal tracts.

In 7 days of the experiment, the vessels of
medium calibre of myocardial stroma were still
dilated and blood-filled, which was manifested
by development of perivascular oedema. Di-
lated capillaries and diapedesis of erythrocytes
were found in the fibre thickness. Cardiomyo-
cytes were well visualized in the vast majority
of visual fields, but focal intracellular myo-
cytolysis and pyknotically altered nuclei were
evidenced in some of them, indicating the
presence of focal dystrophic-necrotic changes.
The perivasal stroma was loosened due to
oedema, which also spread to the intercellular
spaces, disintegrating the muscle layer (Fig. 2).

In 7 days of the experiment in the lungs of
the experimental animals a moderate decrease
of interstitial tissue oedema of the interalveolar
septa was evidenced, while cellular infiltration
of mast cells, macrophages and lymphocytes
also decreased significantly. Signs of
dystelectasis (partial decline) were still present

N
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Fig. 1. Structural changes in the liver in cases of simulation of combined trauma in 7 days of the experiment
(acute hyaline-drip and hydropic dystrophy with transition to focal necrosis). Hematoxylin and eosin staining.

x200.

Fig. 2. The structure of cardiomyocytes in the simulation of associated trauma in 7 days of the experiment
(pericellular oedema combined with erythrodiapedesis, focal dystrophic changes in cardiomyocytes). He-

matoxylin and eosin staining. x200.

thatled to a decrease in the airiness of the lung
tissue. Some pneumocytes underwent
dystrophic-necrotic changes, and a small
amount of exfoliated epithelium and serous
exudate appeared in the lumens of the alveoli
(Fig. 3). The blood supply to the vessels was still
uneven, with a predominance of venous
capillary ones. Leukocytes focally accumulated
in the perivascular spaces (Fig. 3).

Discussion

The severity of the patient’s condition with
trauma is largely determined by development
of various metabolic disorders in organs and
tissues with underlying severe endotoxicosis
[11]. These pathological phenomena cause
development of deregulatory pathology, one
of the manifestations of which is multiorgan
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Fig. 3. Structural changes of the lung in cases of simulation of combined trauma in 7 days of the experi-
ment: A (perivascular accumulation of leukocytes), B (uneven vascular blood supply, dystrophic-necrotic
changes of epitheliocytes, slight effusion in the lumen of the alveoli, dystelectasis, focal perivascular leu-
kocyte infiltration). Hematoxylin and eosin staining. x200.

failure involving lungs, heart and liver into the
pathological process.

According to the pathogenesis shortly after
the injury the systemic inflammatory response
syndrome is established. A number of studies
have shown that oxidative stress is crucial in
activation of inflammation. From a genetic
point of view, oxidative stress modulates in-
flammation by regulating the activity of certain
transcription factors, such as nuclear kappa
factor B (NF-kB), signal transducer and activator
of transcription 3 signal transducer and

activator of transcription 3 (STAT 3), hypoxia
induction factor 1 alpha (HIF-1- alpha), and
protein-1 activator (AP-1) [12]. Activation of
peroxidation processes is one of the factors
destabilizing the membranes. It is established
that when hydroxyl radicals influence on diene
conjugates of fatty acids, lipid hydroperoxides
are formed, which cause conformational dis-
turbances in the cell membranes. The data
obtained indicate that the intensity of peroxi-
dation in different tissues of the body depends
on the type of injury. Analysis of the scientific

TSN

M. Marushchak et al.

ISSN 2413-6077. JMMR 2022 Vol. 8 Issue 1



sources shows that oxidative stress in the
patients with various injuries develops almost
immediately after the initial injury moving from
the macroscopic level to the cellular and mo-
lecular one [13-15]. Currently, scientists have
proven that the maximum of lipoperoxidation
coincides with the intensity of the body’s
response to inflammation [16]. Thus, Kozak DV
notes that the intensity of lipoperoxidation due
to hip injury and blood loss is fluctuating with
a period of development to the 3" day, a period
of temporary well-being in 14 days and a re-
increase in 21 days [17]. The results of the study
of oxidative processes in the case of combined
trauma of the chest and both thighs show that
the most intense free-radical processes occur
in the lungs on the 7t and 14" days of ob-
servation. On the 3 day of the experiment, the
production of mitochondrial superoxide anion
radical increases equally in the tissues of the
heart and lungs, while in the tissues of the liver
this rate increases to a maximum within 3-14
days [18-20]. It has been established that acute
hyperproduction of reactive oxygen species by
leukocytes in 1 day of the experiment causes
disorganization of bioelectrical activity of mito-
chondrial membranes, which is characterized
by a dynamic increase in the ratio of leukocyte
cells suspension with reduced transmembrane
potential and the ratio of leukocytes with signs
of apoptosis with a maximum in 7 days [21].
In cases of extensive metabolic changes in
the body tissues of rats with simulated com-

bined trauma, structural changes in the liver,
heartand lungs after 1-3 days of the experiment
were evidenced. These changes were manifes-
ted by severe circulatory disorders, erythrostasis
and development of dystrophic-necrotic chan-
ges, especially in epithelial structures [22].
According to our study, these structural chan-
ges progressed in the lungs, heart and liver up
to the 7" day of observation that is comparable
to the severity of oxidative stress in the body
tissues and apoptotic death of leukocytes.

Conclusions

In cases of combined trauma of the thorax
and thighs of the experimental animals, struc-
tural changes develop in the liver, heart and
lungs on the 7t day of observation. These
changes are characterized by severe hyaline-
drip and hydropic dystrophy with transition to
focal necrosis of liver tissue, pericellular
oedema and dystrophic-necrotic changes of
pneumocytes.
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OCOBJIMBOCTI CTPYKTYPHOI OPTAHI3AIII TKAHHMH IIIYPA
3A YMOB IIO€AHAHOI TPABMH I'PYIHOI KJIITKH TA OBOX CTETOH

M. Mapyuiak’, 0. Mantok?, M. KacbkiB?, M. fleMsaHuyK?, I. KpuHunLbKa'
1 - TEPHOMNLIbCbKUN HALUIOHAJIbHUW MEANYHUN YHIBEPCUTET IMEHI I. 5. TOPEAYEBCHKOIO

MO3 YKPAIHW, TEPHOII/Ib, YKPAIHA

2 - KOMYHAJTbHWV 3AKJTAZ BULLJOT OCBITU “PIBHEHCHKA MEAVYHA AKALEMIS”

PIBHEHCBLKOI OBJIACHOI PAAU, PIBHE, YKPAIHA

BcTyn. 30 ymosu msxkoi mpasmu nepenomu 0082uUX KiCmoK KiHYigoK Haldyacmiwie noeoHyromecs 3
mpasmoro 2pyOHOI KAIMKU, 20/108U, OP2aHI8 Yepe8HOI NOPOHCHUHU, PO3BUMKOM 2eMOpPa2iYyHo20 WokKy Tomy,
06r'pyHMOBAHUM € 00CAIOHCeHHS NOEOHAHOI Mpaemu 2pyOHOI KAIMKU Ma HUXCHIX KiHYi80K, 0 MaKoxC
nosliop2aHHICMb iX ypaxceHHs, 0c0bus0 y Ga3y MaHipecmayii.

MeTa. Bussumu mMopgos02i4Hi 0c06auU80CMI CMPYKMYPHOI 0p2aHi3ayii 1e2eHs, cepys i neviHku Ha mai
NoeAdHAHOI mpasmu 2pyOHOI Knimku ma 060x cme2oH Yepe3s 7 3i6 MoOento8aHHS mpasmu.

MeToawn. EkcnepumeHmansHe 000N eHHS BUKOHAHO HA 22 Q0pOCAUX HEeAIHItHUX Biaux Wypax-camysx
macor 200-210 2, AKUX ympuMyeanu Ha CMaHOApPMHOMY PayioHi eieapito 3 NiOMpPUMAHHAM Xap40eo20 |
NUMHO20 pexcumie Ha pigHi, pekoMeHA08AHOMY HOPMAMU YMPUMAHHS 1060pAMOPHUX MBAPUH. YCiX M8apuH
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6y/10 nodineHo Ha 2 2pynu: KOHMpPoneHy (1-a, 10 meapuH), 00CiOHy epyny: 2-a - mpasma 2pyOHOI Kaimku U
060x cmezoH (TTK+2C), cnocmepexceHHA 7 0i6 (12 meapuH). TeapuHam AocnidHOI 2pynu nid mioneHman-
Hampieaum HapKo3oM (40 Me/K2 Macu mina wypa eHympilHL04epesHo) 30 00NOMO20t0 MPOaKapa Mooen8anu
npasobiyHul 3akpumuli NHeBMOMOPAKC i3 nepesoMoM pebpa ma NOEGHy8aAAU iX 3 NepesoMoM Aigoi | npasoi
cmezHosux Kicmok. CkesiemHy mpasmy Mo0enr8anu WAAXoOM HAHeCeHHs 00HOKPamMHO020 00308aH020 yoapy
cneyiansHo po3pobaeHUM NPUCMPOEM NO KOXCHOMY cmezHy, AKul sukaukas 3akpumuil nepesom (Kozak, 2011).
EHepeisa ydapy cmaHosuna 0,375 [k, ujo 8idnogioasno mpasmi 8axK0o20 cmyneHs maxckocmi. [loeOHaHy mpamy
MO00en08aNU WAAXOM NOCNI008HO20 HAHECEHHS 060X YUIKOOXHeHs.

PesynbTtaTWu. JoCni0HeHHA nevyiHku meapuH Yyepes 7 0i6 ekcnepuMeHmy 8CMAHOBU/O pi3Ke 3pOCMAHHS
YpaxceHHa i napeHximu. LleHmpasasHi 8eHU npo2aa0aaucs c1abo, Micmuau N00OUHOKI epumpoyumu, cyouHu
cepedHb020 Kaibpy CmpoMu MioKapOa 30AUWAAUCA PO3WUPEHUMU MA HANOBHEHUMU KpOo8'to, o NpoA8uUa0CA
[p038UMKOM NepuBAKYAPHO20 HABPSKY. Y 1e2eHsAxX Ni000CNIOHUX MBAPUH CNOCMepi2anocs NOMIipPHE 3MeHWeHHS
HA6PAKY IHMepcmMuyianbHOI MKAHUHU MiX(Q/168e0A5pHUX Nepe2opo0okK, d MAKOXC 3HAYHO 3MEHWUAACL KAIMUHHA
IHpinempayis my4HUMU KAimuHamu, Makpogazamu ma aiMmpoyumamu.

BucHOBKMW. [Ipu no€dHaHIl mpaami 2pyOHOI KimKU ma Cme20H ekcnepuMeHmaneHUX MeapuH CMpyKmypHi
3MiHU 8 heYiHyi, cepyi ma nezeHsx Ha 7 006y cnocmepedeHHS, W0 XapaKkmepu3ytomsCs BUPAXEHO0 2ia1iHO80-
KpaneneHOi ma 2idponiyHoi ducmpo@ii 3 nepexodom y 802HUULE8] HEKPO3U MKAHUH NeYiHKU, NepuyentonsapHUM
HABPSAKOM, NOEOHAHUM 3 epumpodianede3oM, 802HUWEBUMU OUCMPOPiYHUMU 3MiHOMU Kapdiomioyumie ma
oucmpogiyHo-HeKpOMUYHUMU 3MiHOMU nHegMoyumie.
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