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Abstract. Low cardiac output syndrome is a prevalent complication observed after cardiac surgery, related to elevated
rates of mortality and morbidity. The study aimed to pinpoint independent risk factors for low cardiac output through
the analysis of post-cardiac surgery data. This is a single-centre, two-year retrospective study from January 2021 to
December 2022, including all patients admitted to the Al general intensive care unit for postoperative management
of cardiac surgery. Variables from preoperative, intraoperative, and postoperative data were collected and evaluated
with the statistical package for the social sciences, with a significance level set at p <0.05. Overall, the median age was
44 years (22-80), with 60% being female. The prevalence of low cardiac output syndrome after cardiac surgery was
44% (n=85). Significant risk factors for low cardiac output syndrome were identified: low preoperative left ventricular
function (ejection fraction <40%), preoperative atrial fibrillation, impaired preoperative renal function, multiple valve
replacement, prolonged extracorporeal circulation, and clamping time. Patients who experienced low cardiac output
syndrome had longer hospital stays and a higher incidence of postoperative complications, including atrial fibrillation
and kidney injury, as well as a higher mortality rate (7% versus 0%). Identification and treatment of low cardiac output
syndrome can improve myocardial recovery and decrease mortality. A better understanding of its physiopathological
mechanisms may help develop potential preventive strategies
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Introduction

Low cardiac output syndrome (LCOS) is a significant
complication observed in patients who have undergone
cardiac surgery. Although definitions differ among stud-
ies, the most common include decreases in the cardiac
index to <2.2 L/min/m? requiring inotropic agents or me-
chanical circulatory support to keep the systolic pressure
>90 mmHg as well as the cardiac index >2.2 L/min/m? [1].

J.L. Pérez Vela et al. [2] conducted a multicentre, pro-
spective cohort analysis and found an incidence of 7.5% for
LCOS after cardiac surgery. A.E. Duncan et al. [3] reported a
higher incidence of 10% in a North American study involv-
ing 59,810 patients. LCOS was associated with significant
morbidity and mortality, reaching up to 40%. Additionally,
it required an extended intensive care unit (ICU) stay, in-
creased resource utilization, and a heightened occurrence
of respiratory, and neurological complications, and kidney
injury, necessitating prolonged mechanical ventilation.

Several LCOS risk factors were identified in the litera-
ture. In a retrospective multicentre cohort study involving
781 patients, E Biancari ef al. [4] demonstrated that elderly
age, diabetes, kidney injury, and malnutrition were clini-
cally associated with a high LCOS risk. Q. Qing et al. [5]
developed an individualised nomogram prediction model
for LCOS after cardiac surgery. The results indicated that
global longitudinal strain was a significant factor associated
with LCOS after cardiac surgery.

Biologically, anaemia, elevated Brain Natriuretic Pep-
tide (BNP) and pro-BNP were identified in cohort stud-
ies [6-8]. Surgically, the main factors identified were urgent
surgery, longer Cardiopulmonary bypass (CPB) and cross-
clamp times [9]. Research conducted in Lille also identified
morning surgery as a risk factor for postoperative cardiac
complications after aortic valve replacement, highlighting
the circadian expression of specific genes. This result was
not found in a recent cohort of 9700 patients with sever-
al types of surgery [10, 11]. The literature extensively de-
scribes the outcome of LCOS, indicating its association with
heightened postoperative complications, prolonged stays in
the ICU and on mechanical ventilation, and mortality rates
up to 50-80% in the case of refractory LCOS [4]. However,
the long-term outcome of LCOS is still poorly studied [12].

Several studies have been conducted to investigate
LCOS after cardiac surgery. However patient outcomes and
LCOS risk factors after cardiac surgery in Morocco remain
unknown due to the limited access to cardiac surgery, the
young age of patients, the high incidence of rheumatic heart
disease and the poorly studied long-term LCOS outcomes.
Recent advances illustrate the potential of expanding cardi-
ac surgery with acceptable in-hospital mortality. The study
aimed to identify independent risk factors influencing the
outcome of LCOS after adult cardiac surgery by analysing
preoperative, intraoperative, and postoperative data.

Materials and Methods

This is a single-centre two-year retrospective study from
January 2021 to December 2022, including 190 patients
admitted to the Al intensive care unit for postoperative

management of cardiac surgery. Criteria for inclusion en-
compassed adult individuals subjected to cardiac surgery
with CPB, regardless of the specific surgical procedure.
Exclusion criteria included pregnant females, children,
and individuals lacking complete data, such as echocar-
diographic measurements or perioperative hemodynamic
information. Additionally, those undergoing surgical inter-
ventions for penetrating cardiac injury or pericardial effu-
sion were excluded from the study.

LCOS was defined following the most common defi-
nition from previous reports: decrease in the cardiac index
to <2.2 L/min/m? requiring inotropic agents or mechan-
ical circulatory support to maintain the systolic pressure
> 90 mmHg and the cardiac index > 2.2 L/min/m?* [1].
Vasoconstricting medication to improve peripheral vascu-
lar resistance was not considered an LCOS. All pre- and
in-hospital patient records were reviewed, and data were
collected using standardised forms. Baseline variables were
divided into three groups pre-operative factors, intra-oper-
ative factors, and post-operative factors:

® Preoperative variables: gender (male and female),
age, comorbidities, heart rate (sinus or atrial fibrillation),
preoperative echocardiographic parameters; preoperative
ejection fraction (>40% or <40%), left ventricular diameter
diastolic (LVDD), left ventricular diameter systolic (LVDS).

® Intraoperative variables: type of intervention (iso-
lated or multiple valve replacement, coronary artery bypass
graft (CABG), cardiopulmonary bypass (CPB) and cross-
clamp times.

® Postoperative variables: inotropic use, EF at0 h, 4 h
and 24 h, complications (acute pulmonary oedema, kidney
injury, neurological, respiratory, infectious complications),
duration of mechanical ventilation, length of stay in the in-
tensive care unit, and mortality rate.

Statistical Package for the Social Sciences (SPSS), and
Statistics software at the Laboratory of Epidemiology and
Public Health of Fez, Morocco were used to analyse the
data. Descriptive statistics were employed to calculate fre-
quencies, with mean and standard deviation utilised for
continuous variables. Univariate proportions were assessed
using the chi-squared test, and statistical significance was
determined at p-values <0.05. Predictive factors of mortal-
ity were studied with a logistic regression model with mul-
tivariate analysis to compare patients who developed with
those who did not. The study adhered to the ethical norms
of the Declaration of Helsinki [13] and was approved by
the Hassan II University Hospital’s ethics committee
(No. 18/2023). Informed consent was deemed unnecessary
given the retrospective nature of the study. The study did
not use information that could be employed for the iden-
tification of individuals who participated in the research.

Results and Discussion

In general, 85 of 190 patients (44%) had LCOS, confirmed
by a low cardiac index of less than 2,2 L/min/m? Patient
characteristics were divided into 3 groups: preoperative,
intraoperative, and postoperative.
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Preoperative data analysis in cardiac surgery

This study observed a higher proportion of women com-
pared to men, resulting in a gender ratio of 1.7. The median
age recorded was 44 years (22-80).

Comorbidities: the main comorbidities were atrial fi-
brillation (N: 83, 44%), smoking (N: 29, 16.3%) and hyper-
tension (N: 26, 13%) (Table 1).

Table 1. Patient comorbidities

Variables Frequency (%)
Cardiac history
Hypertension 26 (13%)
Atrial fibrillation 83 (44%)
Endocarditis 9 (4.7%)
History of cardiac surgery 8(5%)
Diabetes 12 (6.3%)
Kidney failure 8 (5%)
Smoking 29 (16.3%)

Source: compiled by the authors

Preoperative echocardiographic parameters: 145 pa-
tients had preserved ejection fraction, while 17 patients had
preoperative low ejection fraction, 17 patients (8.9%) had a

left ventricular dilatation, the median of the right ventricu-
lar end-diastolic area was 48 mm + 7 and the median of pul-
monary artery systolic pressure was 33 mmHg (Table 2).

Table 2. Preoperative echocardiographic parameters

Parameters Frequency (%)
Left ventricular ejection fraction

o > 60% 145 (76%)

® 40 % a 60% 37 (19.4%)

o < 40% 7 (3.6%)
LEVDD >56 mm 17 (8.9%)

Right ventricular end-diastolic area (mm) 48+7
Pulmonary artery systolic pressure (mmHg) 33

Notes: LEVDD - left ventricular end-diastolic diameter
Source: compiled by the authors

No significant difference in gender was observed, pa-
tients with LCOS were not older. Atrial fibrillation was
statistically different between the two groups. Patients with
low ejection fraction (EF<40%) were at greatest risk (7 pa-
tients in the group with LCOS in comparison with none
in the group without LCOS, p <0.01). Other clinical and

echocardiographic parameters, such as diabetes, history of
cardiac surgery, New York Heart Association (NYHA) sta-
tus [14], left ventricular end-diastolic diameter, and pulmo-
nary artery systolic pressure, exhibited no significant dif-
ferences between the LCOS and Non-LCOS patient groups
(all p>0.05) (Table 3).

Table 3. Preoperative data of patients with LCOS

Groupe with LCOSN =  Groupe without LCOS N = p
Female / male 65/40 49/36 0.5
Age (yr.) 47 £12 2+11 0.113
History
® Hypertension 20 6 >0.05
Cardiac history o Atrial fibrillation 20 63 0.01
® Endocarditis 3 4 >0.05
Cardiac surgery 2 6 >0.05
Diabetes 10 2 0.26
Chronic renal failure 2 6 0.22
Smoking 12 17 >0.05
NYHA IIl et IV 20 31 0.22
EF <40% 7 0 <0.01

International Journal of Medicine and Medical Research, 2023, Vol. 9, No. 1
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Continued Table 3

Groupe with LCOSN =  Groupe without LCOS N = P
LVEDD >56 mm 8 17 >0.05
PAPS >35 mmHg 47 70 >0.05

Notes: PASP - pulmonary artery systolic pressure; LVEDD - left ventricular end-diastolic diameter

Source: compiled by the authors

Intraoperative data collection

and analysis in cardiac surgery

Types of cardiac surgery and inotropic agents: the most
common surgery was valve replacement, mainly isolated
valve replacement (42%), 20% of patients underwent mul-
tiple valve replacement and 18% coronary Artery Bypass

Graft. Dobutamine was the main agent used (89%) in pa-
tients with LCOS, the Median of time receiving inotropes
was 31 hours (Table 4), 100% of patients with LCOS used at
least one inotrope (+/- one vasopressor), The use of multi-
ple inotropes (or vasopressors) was higher in LCOS group.

Table 4. Inotropes used for LCOS

N (%)

Number of used inotropes (all patients):

0 105 (56%)

1 68 (35%)

>2 17 (7.3%)
The main drug used:

Dobutamine 75 (92%)
Milrinone 10 (11%)
Adrenaline 9 (10.5%)

Dose of dobutamine (ug - kg-1.min-1)
Minimal-initial 82+-2.3
Maximal 14.0+-3.4
Median duration of treatment (hours): 31 [8-54]

Source: compiled by the authors

Cardiopulmonary bypass and cross-clamp times: the
median duration of cardiopulmonary bypass was 80 minutes
(£ 35), and the median duration of aortic cross-clamping
was 55 minutes (+/- 30). When studying the patient char-
acteristics during surgery, patients who underwent multiple

valve surgery replacement had more risk of developing
LCOS. A significant correlation was observed between
prolonged cardiopulmonary bypass (CPB) (>1 h 30 hour,
p=0.05) and/or aortic clamping time (> 1 hour, p=0.02) and
the occurrence of a low output cardiac surgery (Table 5).

Table 5. Intraoperative data of patients with LCOS

Groupe with LCOS N= Groupe without LCOS N=
Surgical procedures

® Isolated valve 36 44 >0.05
® Multiple valves 7 31 <10%
® Coronary artery bypass graft 32 2 >0.05

Urgent timing 9 14 >0.05

Duration

® Cardiopulmonary bypass (> 1 h 30) 38 54 0.05
® Crosscalmp time ¢ 1 h) 35 50 0.02

Notes: CABG - coronary artery bypass graft
Source: compiled by the authors

Postoperative data assessment in cardiac surgery

Patients with LOSC had higher postoperative complication
rates, including postoperative atrial fibrillation (AF) (18 vs
12), the average time to onset was 1.4 days from the sur-

gery, Amiodarone was the only antiarrhythmic used, atri-
al fibrillation (AF) duration was 24.0 hours; 60% of cases
resolved within 36 hours. LCOS group also had a higher
incidence of kidney injury (6 vs 0), longer post-operative

International Journal of Medicine and Medical Research, 2023, Vol. 9, No. 1
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ICU stay (4.5 vs 2 days), and increased mortality rate (7%
vs 0 deaths). Among the 190 patients studied, all who ex-
pired had LCOS (Table 6).

Post-operative left ventricular systolic function (EF<
40%) at three times 0 h, 4 h and 24 h after surgery were
higher in patients with LCOS P<0.05 (Table 7).

Table 6. Postoperative data of patients with LCOS

Groupe with LCOS Groupe without LCOS

Postoperative troponin levels (ng/mL) 3.9 2.7
Postoperative atrial fibrillation (N) 18 12
Postoperative kidney injury (N) 6 0
ICU stay (days) 45 2
Mortality rate (%) 7 0

Source: compiled by the authors

Table 7. Dynamic of ejection fraction

Parameters Groupe with LCOSN= Groupe without LOSCN= P
Preoperative low FE (<40%) 7 0 <0.01
>40% 35 100
EF:0h <0.01
<40% 50 5
>40% 30 100
EF:4h <0.01
<40% 55 5
>40% 30 102
EF:24h <0.01
< 40% 55 3

Source: compiled by the authors

Predictors of LCOS after cardiac surgery

The outcome of patients with LCOS was assessed. In
univariate analysis, statistically significant differenc-
es (p<0.05) were observed between the groups “with
LCOS” and “without LCOS”. The preoperative risk factors

ncluded atrial fibrillation and low preoperative ejection
fraction. Intraoperative risk factors comprised longer car-
diopulmonary bypass and cross-clamp times, as well as
multiple valve surgery. The patients’ risk factors for LCOS
are detailed in Table 8.

Table 8. Risk factors for LCOS

Risk factor Groupe with LCOSn=85  Groupe without LOSC n = 105 P
Atrial fibrillation 30 63 <102
EF < 40% 7 0 <0.01
CBP time (>1 h 30) 38 54 0.05
Cross clamp time ¢1 h) 35 50 0.02
Surgery:
® Isolated valve 36 44
® Multiple valves 7 31 <103
o CABG 32 2

Notes: CABG - coronary artery bypass graft; CPB - cardiopulmonary bypass

Source: compiled by the authors

The analysis of 190 patients revealed a notable in-
cidence of LCOS in this study, especially in those with
pre-existing ventricular dysfunction and those who un-
derwent high-risk procedures, such as multiple valve re-
placement and had prolonged CPB and cross-clamp time.
Compared to the group without LCOS, patients with
LCOS, stay longer in hospital, develop more complica-
tions, and have poor outcomes.

LCOS is a frequent and serious complication in pa-
tients who have undergone cardiac surgery. Definitions
differ among studies, as, based on hemodynamic param-
eters or the use of inotropes or circulatory assistance, the

most common includes decreases in the cardiac index to
<2.2 L/min/m?* requiring inotropes or mechanical circu-
latory support to keep the systolic pressure > 90 mmHg
as well as the cardiac index > compiled by the authors
2.2 L/min/m?. [1, 2, 15]. The LCOS incidence after car-
diac surgery in this study was 44%, which is higher than
incidences reported in several studies varying from 13 to
30% [16, 17].

This study identified factors contributing to the LCOS
risk, which include atrial fibrillation, low preoperative
ejection fraction, prolonged CBP and cross-clamp times
and multiple valve replacement, consistent with other

10
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studies [16-18]. Compared to the group without LCOS, the
incidence of complications, ICU stay, and mortality rates
are higher. . Wang et al. [18], in an observational study
of 212 patients, demonstrated the following pre-operative
parameters with low cardiac output: atrial fibrillation, kid-
ney failure, hyponatremia, high central venous pressure
and low ejection fraction. N.T. Luan [17] identified the
following independent risk factors in a descriptive study
on 60 patients undergoing valve replacement surgery: pre-
operative low EF, prolonged time to extracorporeal and
clamp aorta.

The most common parameters used in clinical practice
for assessment of Left ventricular ejection fraction (LVEF)
are visually estimated (eyeballing) ejection fraction or man-
ually traced biplane Simpson’s rule. A low LVEF is a signif-
icant predictor of LCOS after cardiac surgery. K.B. Rana et
al. [19] found in their prospective study of 200 patients
undergoing CABG a relation between pre-operative left
ventricular dysfunction and LCOS after surgery, which was
significantly different in patients with pre-operative ejec-
tion fraction < 40%, compared to ejection fraction > 40%.
P. Amabili et al. [20] used the systolic global longitudinal
strain to evaluate left ventricular function and determine
that GLS was a significant risk factor for LCOS after cardiac
surgery, while analysis of myocardial strain appears to im-
prove the prediction of LCOS. In this study, pre-operative
low EF frequency was 8.2% in LCOS patients, while no pa-
tient had pre-operative low EF in the group without LCOS.

Several studies showed the relationship between pre-
operative right ventricular dysfunction and postoperative
LCOS. P.C. Ting et al. [21] recognised the right ventricular
globallongitudinal strain (RVGLS) as a factor independent-
ly associated with a heightened need for postoperative vas-
oactive inotropic support. E.L. Posada-Martinez et al. [6]
also conducted a prospective observational study involving
75 patients with severe aortic stenosis and preserved ejec-
tion fraction (EF) to examine the correlation between right
ventricular free wall longitudinal strain (RVFWSL) and
LCOS, they identified a RVFWSL < 17.3% as a predictor
of LCOS. Consistent with prior research, this study estab-
lished a reduced left ventricular ejection fraction as a nota-
ble predictor of LCOS.

L. Hong et al. [22] developed machine learning (ML)
techniques to predict LCOS in patients after cardiac sur-
gery using ML approaches, predictive parameters included
LVEE lactate level, LVEDD, mean artery blood pressure,
age, and blood loss during surgery were used to vali-
date the predictive algorithms. Regarding age, it was not
identified as a factor, which contrasts with other studies.
L. Zhao et al. [23], in a retrospective study involving 117
patients aged over 60 years, demonstrated that age over
70 years is an independent factor for the development of
LCOS. Most patients in this study are young with rheu-
matic valve disease and they have several risk factors for
developing postoperative LCOS, compared to most elderly
patients who had undergone coronary bypass surgery with
tew risk factors of LCOS.

Atrial fibrillation has been recognised as an independ-
ent risk factor for postoperative LCOS. However, the sur-
gical correction of valvulopathy along with atrial fibrilla-
tion enhances the long-term prognosis for these patients.
Additionally, preoperative ejection fraction was related to
a significantly increased postoperative LCOS risk [2, 3].
Surgeon experience with ageing has also been reported as
a factor in decreasing LCOS and improving outcomes in
cardiac surgery [24]. In Morocco, the number of cardiac
surgeons is extremely limited, this factor cannot be stud-
ied. CBP time was identified as an independent predictor
of LCOS which is consistent with several other studies [2,
16]. Protocols aiming to optimise CPB time could improve
postoperative cardiac function.

Regarding the surgical procedure, A.E. Duncan et
al. [3] identified the combined procedure (valve + bypass)
as a surgical risk factor, while isolated valve surgery (aortic
valve) was a protective factor. Multiple valve surgery was
identified as a surgical risk factor in this study. Patients
who developed LCOS are more likely to suffer postop-
erative complications, require longer intensive care unit
stays, with increased risk of postoperative kidney injury,
several studies have confirmed the association between
low postoperative cardiac output and a high incidence of
postoperative complications. LCOS is a factor for higher
in-hospital mortality, varying from 12% to 33%, increas-
ing to 40-80% in refractory LCOS requiring hemodynam-
ic support [2, 4]. Among the 85 patients with LCOS, six
(7%) died perioperatively.

In this study conducted in a Moroccan centre, the
main differences found in patients with LCOS compared
to literature were the high incidence of LCOS, the age was
not identified as a factor, which contrasts with other stud-
ies, the other risk factors and the outcome of patients with
LCOS were similar to most series, which can be explained
by the young age of patients, the high incidence of rheu-
matic heart disease most often with pre-existing ventricu-
lar dysfunction.

Conclusions

This study evaluated the clinical parameters of patients who
developed LCOS after cardiac surgery by analysing preop-
erative, intraoperative, and postoperative data to determine
independent risk factors of LCOS after adult cardiac sur-
gery, and how they influenced the outcome of patients after
cardiac surgery. The results showed LCOS is a severe com-
plication after cardiac surgery, 44% in this study. Preoper-
atively low preoperative ejection fraction (EF <40%), and
atrial fibrillation were associated with LCOS, other charac-
teristics in particular gender and age were similar in both
groups. During surgery, patients who underwent multiple
valve replacement had more risk of developing LCOS, and
a significant correlation was observed between prolonged
cardiopulmonary bypass and/or aortic clamping time and
the occurrence of a low-output cardiac surgery. LCOS pro-
foundly impacts patient outcomes with increased morbid-
ity and mortality, patients with LOSC had higher rates of
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postoperative complications including postoperative atrial
fibrillation, higher incidence of kidney injury, longer post-
operative ICU stay and increased mortality rate. Among
the 190 patients studied, all who had expired had low car-
diac output syndrome.

LCOS after cardiac surgery is a multifactorial compli-
cation resulting in cardiac dysfunction, determine LCOS
risk factors may help identify possible preventive strate-
gies, like to preserve kidney function, safe myocardial

delve deeper into the underlying pathophysiological mech-
anisms of LCOS in order. The ultimate goal is to leverage
this knowledge to improve outcomes and care strategies for
patients afflicted with LCOS.
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AHoTaL,if. CHHIPOM HM3BKOTO CEPLEBOTO BUKU/Y € MOIIMPEHNM YCKIA{HEHHM, IO CIIOCTEPIraEThCs MCs Kapyio-
XipyprivHoro BTpy4aHHs, i IIOB'A3aHMII i3 NiABUIIEHVMY [TOKa3HUKaMI CMEPTHOCTI Ta 3aXBOPIOBAHOCTI. MeToI0 ZaHOro
TOCTiKeHH: 6Y/I0 BU3HAYNTH He3a/IeXKHi (aKTOpU pUSUKY HU3BKOTO CEpLieBOr0 BUKIUY IIUIAXOM aHaJIi3y JaHUX Iic/id
Kap/lioXipypriyaux BTpy4aHb. [JaHe OJHOLIEHTPOBE JBOPiYHE PETPOCIEKTUBHE JOCTIIPKEHHA IPOXoAMIo 3 ciund 2021
POKy 110 IpyzfeHb 2022 poKy Ta BK/IIOYaJIo BCiX IALli€HTIB, AKi Oy/M rocmitanizoBaHi 5o BiffineHHA 3ara/JbHOI iHTeHCUB-
HoI Tepamii Al pa micrgonepaniitHoro JMiKyBaHHA Kappaioxipypril. 3MiHHI 6yu 3i6pani 3 mepefonepaniiiamx, iHTpao-
nepayifHUX Ta MiCAAONepaLiiHMX JaHuX i OLliHeHi 3 BUKOPUCTAHHAM CTaTUCTUYHOIO IAKETY JI/IA COLjiaIbHUX HayK, 3
PpiBHEM 3HAYYIIOCTi, BCTAHOB/IEHMM Ha piBHi p < 0,05. 3arajiom MemiaHa BiKy cTaHOBM/IA 44 POKU (22-80), 60 % — xinku,
MOV PEHICTh CMHAPOMY HU3BKOTO CepLIeBOTO BUKVY IiC/IA KapAioxXipypriuHoro BTpy4aHHs — 44 % (n=85). BuasieHo
3Hauy1i GaKTOpU PUSUKY CMHAPOMY HU3BKOTO CeplieBOr0 BUKMAY: HU3bKa IlepefolepaliiiiHa (GYHKIisA I1iBOro MTyHOY-
Ka (Bukuy ppaxuii <40 %), nepepgonepaniiaa GpiOpwiALia nepencepab, MOPYLIEHH: NepefolnepaliitHoi GpyHKIil HUPOK,
MHOXWHHA 3aMiHa K/IallaHa, IOJOBXEHHs eKCTPaKOPIIOPaIbHOr0 KPoBOOOiry Ta dac saruckaHHs. IlamieHTn, y sxux
CIIOCTEpPiraBcs CHHAPOM HM3BKOTO CeplieBOr0 BUKVAY TpuBaille IepeOyBamy B TiKapHi Ta May HigBUIIEHY YacTOTY
Iic/IgoNepaliiHIX YCKIaJHeHb, BKIodadu GiopuiAmnilo mepecepab Ta MOMKOLKEeHH HUPOK, a TAKOXX BUIIUI piBeHb
cMepTHOCTI (7 % mpotu 3 0 %). [liarHOCTMKA Ta JTIKYBaHHA CUHAPOMY HU3BKOTO CEpLeBOrO BUKUIY MOXKe MOMIMIINTA
BiJTHOB/IEHHA MiOKapyia Ta 3MEHIINTY CMEPTHICTh; Kpallle po3yMiHHA 110ro ¢i3ionaTonorivHnx MexaHisMiB MoXke BOIIO-
MOTI'TY PO3POOUTY IOTEHLIIHY IPOodiTaKTUYHY CTpaTerio

KAIO4OBi CAOBQ: ceplieBO-JIeTeHeBe IIYHTYBAHHsL; GaKTOPU PUSUKY; IHOTPOIIL; MiATPUMKa KPOBOOOBIry; CMEPTHICTD
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Abstract. The research relevance is determined by the COVID-19 pandemic, which has led to serious medical conse-
quences, including high levels of infectiousness, development of diseases accompanied by complications of kidney and
cardiovascular system function, and increased mortality. Therefore, the research aims to study and compare the impact of
glomerular filtration rate on the course of COVID-19 in patients with and without coronary heart disease. A retrospective
analysis of 410 patients with coronavirus was conducted, who were divided into 2 groups: those with chronic coronary
heart disease and those without this disease. During the hospital period (14.7 £ 5.3 days), the composite endpoint of all-
cause and cardiovascular deaths in combination with major adverse cardiovascular events was assessed. The thresholds
for glomerular filtration rate associated with an increase in the incidence of the composite endpoint were determined: for
patients with COVID-19, less than 35 mL/minx1.73 m?* (p <0.01); for patients with coronary heart disease and COVID-19,
less than 60 mL/minx1.73 m?* (p<0.01). Independent predictors of decreased renal filtration capacity in patients in group
1 were: age over 65 years, type 2 diabetes mellitus, high cholesterol, D-dimer, C-reactive protein, and ferritin. Patients in
group 2 were adversely affected by type 2 diabetes mellitus, arterial hypertension, and high levels of D-dimer and C-re-
active protein (p < 0.05). The difference was explained by the influence of the applied therapy on the anticoagulant and
renin-angiotensin systems. This study will allow to stratify patients with coronavirus in terms of renal impairment and risk
factors, as well as to identify effective strategies for their management depending on the glomerular filtration rate

Keywords: arterial hypertension; risk factors; comorbidity; mortality

Introduction

The COVID-19 pandemic made a significant impact on
Ukraine, given its influence on the healthcare system and
public health. The increase in the number of cases has led
to an excessive burden on the healthcare system, including
a shortage of beds, intensive care, medical equipment, and
staff [1]. As reported by I. Seriakova et al. [2], the pandemic
has also led to the postponement or cancellation of neces-
sary medical procedures and surgical interventions, which
has led to an increase in cardiovascular and renal pathol-
ogies. The increased mortality rate among patients with
pre-existing cardiovascular and renal diseases indicates a
serious impact of the pandemic on these body systems. In

Suggest Citation:

addition, A. Shishkin et al. [3] found that the pandemic
has increased the risk of severe COVID-19 complications
for the target group of patients with cardiovascular and
renal diseases, such as pneumonia and thrombosis, and
is accompanied by increased levels of stress and psycho-
logical problems, which can affect the general condition of
these systems. Thus, research and monitoring are critical
to understanding and mitigating the negative impact of
the COVID-19 pandemic on the cardiovascular and renal
health of the Ukrainian population.

As of 22 July 2023, about 5.5 million people were in-
fected in Ukraine, of whom 112.5 thousand died, which
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accounts for a 2% fatality rate [4]. D. Chumachenko &
T. Chumachenko [5] point out that due to Russia’s full-scale
armed invasion of Ukraine, the epidemiological situation
with coronavirus infection has only worsened - the de-
struction of infrastructure and human resources has made
it difficult to diagnose, identify cases, impossible to hospi-
talise, and lack of funds for adequate treatment and preven-
tion. Therefore, even though the incidence of COVID-19
is on a downward trend and has lost its status as a global
emergency, Ukraine still faces risks associated with this in-
fection in both the short and long term.

The consequences of COVID-19 are pathophysiologi-
cally associated with the development of a cytokine storm,
which causes endothelial dysfunction and endotheliitis,
which in turn leads to the development of microvascular
thrombi, ischaemia, and multiple organ failure, which de-
termines the multisystemic nature of the lesion [6]. Sev-
eral studies confirm the fact that patients with cardiovas-
cular disease and COVID-19 are prone to severe disease
and have a higher risk of death [7-9]. Similar mechanisms
are responsible for direct and indirect renal dysfunction,
characterised by a decrease in renal filtration capacity
and organic damage [10]. V.P. Chavda et al. [11] point
out that COVID-19 in combination with other therapeu-
tic diseases (obesity, type 2 diabetes mellitus, coronary
heart disease, renal failure, fatty liver, etc.) is more prone
to severe course of all associated diseases, so comorbidity
is an important predictor of complications. Considering
the relationship between coronary heart disease (CHD)
and chronic kidney disease (CKD), the conference Kidney
Disease: Improving Global Outcomes (KDIGO) confer-
ence in 2020, presents data showing that the progression
of cardiovascular damage increases with the progression
of renal dysfunction, despite the correction of traditional
cardiovascular risk factors [12].

Thus, it is important to study the relationship between
cardiovascular risks, renal damage and coronavirus infec-
tion. The research aims to study and compare the effect of
glomerular filtration rate on the course and development
of COVID-19 complications in patients with CHD and
COVID-19 without CHD.

Materials and Methods

The study retrospectively analysed data from 410 patients
with coronavirus disease, treated at Kyiv City Clinical
Hospital No. 18 and the private medical centre Medbud
from 2 March 2020 to 31 December 2022. The diagnosis
of COVID-19 was confirmed by detecting the ribonucleic
acid (RNA) of the SARS-CoV-2 pathogen in samples from
the upper respiratory tract using polymerase chain reaction
(PCR). Multidetector computed tomography (MDCT) was
used to assess the presence and extent of COVID-19-relat-
ed lung damage. Verification of the diagnosis of CHD was
performed according to current guidelines [13]. COVID-19
and its complications were treated following the guidelines
of the Ministry of Health of Ukraine dated 2 April 2020,
No. 762 [14]. All patients were informed about their partic-
ipation in the study and signed an informed consent to the

processing of personal data.

Exclusion criteria for the study include the following
conditions: acute coronary syndrome, previously document-
ed acute cerebrovascular accident, type 1 diabetes mellitus,
severe and/or decompensated major comorbidities (includ-
ing malignancies), history of heart valve replacement, vac-
cination against COVID-19, and lack of informed consent.

Among the 210 patients with COVID-19 without
CHD (group 1), there were 85 women (40%) with a mean
age of 52 +21.6 years and 125 men (59%) with a mean age
of 49 £ 21 years. There were 200 patients with CHD in com-
bination with COVID-19 (group 2), including 124 men
(62%) with a mean age of 62.4 +12.6 years and 76 women
(38%) with a mean age of 62.2+ 9.5 years. The control group
consisted of 35 healthy volunteers, and 90 patients with
coronary heart disease without COVID-19 who matched
the study sample in terms of age distribution and gender
ratio were examined as a comparison.

The standard examination of all patients included gen-
eral clinical examination of blood and urine, biochemical
blood tests (lipid spectrum, blood glucose, creatinine),
cardiac ultrasound, and electrocardiography. The glomer-
ular filtration rate (GFR) was calculated using the Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula (1) using an online calculator:

GFR = 141 X min (S%, 1)® X max (S%, 1)71209 x
X 0.99349¢ x 1,018lif female] 5 1 159lifblack] (1)

where Scr - serum creatinine (mg/dl), x - 0.7 for women
and 0.9 for men, a - -0.329 for women and -0.411 for men,
min indicates the minimum of Scr/k or 1, and max indi-
cates the maximum of Scr/k or 1.

The development of cardiovascular events was assessed
during the hospital period, which averaged 14.7 + 5.3 days.
The date of hospitalisation was considered the start of ob-
servation. The composite endpoint (CEP) was all-cause
death (including cardiovascular) and major adverse car-
diovascular events (non-fatal myocardial infarction (MI),
acute cerebrovascular accident, pulmonary embolism, and
acute left ventricular failure > Killip class I).

Statistical processing was performed using Statistica
v.7.0 and SPSS Statistics v.27.0. Continuous variables are
expressed as mean (M) and standard deviation (o), and
their differences were assessed using analysis of variance
or unpaired t-test. Pearson’s X2 test was used for categori-
cal variables. The Cox model was used to estimate the odds
ratio (OR) and confidence interval (CI) within the frame-
work of multivariate regression analysis. The log-rank test
and the Kaplan-Meier method were used to analyse the
significance of differences in survival. The difference in the
values at p <0.05 was considered statistically significant.

All procedures performed in studies involving human
subjects complied with the ethical standards of the insti-
tutional and national research committee, as well as the
Declaration of Helsinki [15]. The study was approved by
the National Ethics Committee of the Bogomolets National
Medical University.
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Results

The clinical and anamnestic characteristics of the study
patients in group 1 (200 patients with CHD+COVID-19)
and group 2 (210 patients with COVID-19) are shown in
Table 1. The majority of patients were male (60.7%) and
over 60 years of age, and since the subjects were selected
from the usual contingent treated during the COVID-19
pandemic, this preliminarily indicates a greater vulnerabil-
ity of men in the older age group. A retrospective analysis
of the medical records revealed that more than half of the
patients had hypertension (64%) and chronic heart failure

in 42% of cases, with most of them having preserved ejec-
tion fraction. CKD was observed in 11.2% of patients, with
only one-third (31.0%) of patients having normal GFR and
42.2% with slightly reduced GFR. Given the fact that the
study was based on a retrospective analysis, the stage of
CKD was determined solely by GFR, and the level of al-
buminuria could not be considered. The body mass index
revealed that obesity was present in almost half of the cas-
es (42.0%) and dyslipidaemia in 24%, although there were
48.8% of patients with CHD in the study cohort, which may
indicate the effectiveness of the therapeutic intervention.

Table 1. Clinical and anamnestic characteristics of patients with COVID-19

Indicators Indicator value

Age, years (M+SD) 61.2+10.7
Men, n (%) 249 (60.7%)
Women, n (%) 161 (39.3%)
Body mass index, kg/m? 259+7.3
Smokers, n (%) 86 (21%)

Arterial hypertension, n (%)

262 (64%)

Type 2 diabetes, n (%)

114 (28%)

History of myocardial infarction, n (%) 64 (15.6%)
History of left ventricular anterior wall myocardial infarction, n (%) 45 (11%)
Coronary arteriography, n (%) 190 (46%)
Glucose, mmoL/L 5.8+2.3
Dyslipidaemia, n (%) 98 (24%)
Creatinine pmoL/L 112.7+9.5
GFR>90 mL/minx1.73 m? n (%) 127 (31%)

GFR =60-90 mL/minx1.73 m? n (%)

173 (42%)

GFR=30-60 mL/minx1.73 m? n (%)

89 (21.7%)

GFR <30 mL/minx1.73 m?, n (%) 21 (5.3%)
Chronic heart failure, n (%) 172 (42%)
Release fraction, %. 435+12.7
Duration of CHD, years (M + SD) 7.5+3.9
Angina pectoris class II-IV, n (%) 69 (17%)

Low molecular weight heparins (enoxaparin)

265 (64.6%)

Treatment before hospitalisation with a diagnosis of COVID-19:

Acetylsalicylic acid 114 (27.8%)
Clopidogrel 86 (35.2%)
Angiotensin-converting enzyme inhibitors 112 (27.3%)
Beta-blockers 103 (42.2%)
Diuretics 62 (15%)
Calcium channel blockers 37 (9%)
Angiotensin-II receptor blockers 88 (21.5%)
Nitrates 74 (18%)
Statins 170 (41.4%)

Notes: M - mean value of the parameter; SD - standard deviation of the mean

Source: compiled by the author
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Considering medications, it is worth noting that an-
tithrombotic therapy with enoxiparin was performed in
98.7% of patients,and 92.3% required antibiotic therapy (cef-
triaxone, levofloxacin mofloxacin) for the prevention and
treatment of bacterial complications, and 66.5% of patients
were prescribed glucocorticosteroids (dexamethasone, hy-
drocortisone, methylprednisolone), considering the patho-
genetic features of the infectious process. Patients were
prescribed antiviral drugs and an interleukin-6 inhibitor
in circumstances related to their coronavirus infection. In
cases where patients were infected with COVID-19, antivi-
ral drugs such as remdesivir and favipiravir were prescribed
in 29% of cases. In addition, an interleukin-6 inhibitor such
as tocilizumab was used in 18% of patients to modulate the
immune response and treat the inflammation that occurs
with coronavirus. These measures were aimed at improving
the clinical condition and treatment outcomes of these pa-
tients, especially in the context of the pandemic.

All patients with chronic coronary syndrome were
taking antiplatelet, antianginal and statin therapy (ace-
tylsalicylic acid, clopidogrel, nitrates and statins). It
should be noted that the incidence of bleeding has not
been studied. Angiotensin-converting enzyme inhibi-
tors (ACEIs), angiotensin-II receptor blockers (ARBs)
and p-blockers (BABs) were prescribed in 80.2% of pa-
tients, respectively, to correct chronic heart failure and

hypertension. It is important to note that by the time
of hospitalisation and treatment adjustment, less than
half of the patients were taking the medications pre-
scribed for their chronic comorbidities, and none of the
patients with diagnosed type 2 diabetes (28%) were on
glucose-lowering therapy.

A preliminary assessment of the possible association
between the occurrence of the critical endpoint and the
value of GFR is shown in Figure 1. In patients of both
groups, the frequency of adverse outcomes of COVID-19
had an inverse correlation with the kidney function indi-
cator. However, it was found that in patients with COV-
ID-19 with a GFR of less than 60 mL/minx1.73 m? the
incidence of CEP was significantly higher than in patients
with CHD+COVID-19. Thus, among patients in group 2
with a GFR of 45-59 mL/minx1.73 m? CEP occurred in
15.1% versus 10.2% in patients in group 2, in patients with
a GFR of 31-44 mL/minx1.73 m* - in 17.2 and 14.6%, and
patients with a GFR <30 mL/minx1.73 m? - in 27.5 and
21.6%, respectively (p <0.05). This difference in favour of
CHD seemed unclear, as a history of cardiovascular dis-
ease would increase the percentage of patients with the
primary endpoint. When re-analysing (30 days later) the
clinical and anamnestic characteristics of patients, it was
suggested that ACEIs and ARBs had a positive effect on
renal function and cardiovascular risk reduction.
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Figure 1. Incidence of the composite endpoint depending
on GFR in patients in groups 1 (COVID-19) and 2 (CHD+COVID-19)

Source: compiled by the author

In order to determine the probability of developing
the combined endpoint in patients with COVID-19 and
CHD+COVID-19, depending on the value of GFR, cut-off
values were sought separately for each group. After calcu-
lating the odds ratio for the onset of CEP at stepwise values
of GFR, the following thresholds were established that were
associated with an unfavourable course of COVID-19:

® For group 1, this value was GFR <35 mL/minx1.73 m?
(OR 3.7;95% CI 1.8-7.6, p<0.01);

® For group 2 - <60 mL/minx1.73 m?* (OR 4.1; 95%
CI2.1-9.8, p<0.01).

When constructing Kaplan-Meier curves in patients
with COVID-19 19 without CHD with a GFR <34 mL/
minx1.73 m* compared with patients with a GFR>34 mL/
minx1.73 m? a significantly lower survival rate with the
development of a combined cardiovascular endpoint

throughout the hospital period was found (p = 0.042), as
shown in Figure 2(a). At the same time, a significantly high-
er proportion of patients with CHD+COVID-19 with the
development of a combined cardiovascular event according
to the logarithmic criterion was detected in patients with
a GFR <52 mL/minx1.73 m? compared with those with
a GFR > 52 mL/minx1.73 m* (p =0.04) (Fig. 2(b)). Multi-
variate regression analysis revealed independent decrease
predictors of GFR <34 mL/minx1.73 m* in group 1 and
<52 mL/minx1.73 m?* in group 2. These data can be inter-
preted in such a way that chronic renal hypoperfusion oc-
curs in concomitant chronic coronary syndrome, and, ac-
cordingly, in concomitant infectious disease, compensatory
mechanisms fail at a higher level than without concomitant
cardiovascular disease, and a decision on renal replacement
therapy should be made as soon as possible in such patients.
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Source: compiled by the author

For patients with COVID-19, important prognostic
factors were age >60 years (OR 1.12; 95% CI 1.01-1.60),
the presence of hypertension (OR 2.50; 95% CI 1.17-4.85),
high D-dimer levels (OR 4.0; 2.02-5.20), type 2 diabetes
mellitus (OR 2.75; 2.01-4.79), and high C-reactive protein
levels (OR 1.94; 95% CI 0.89-3.81) (Fig. 3). For patients
with the concomitant chronic coronary syndrome, age
>60 years (OR 2.61; 95% CI 1.63-6.41), hypertension (OR
2.69; 95% CI 1.81-3.15), high D-dimer levels (OR 4.95;
3.15-6.80), type 2 diabetes mellitus (OR 2.15; 1.67-2.99),
high ferritin (OR 3.85; 1.54-6.91) and high C-reactive
protein (OR 3.01; 2.06-7.33) significantly influenced the

decrease in GFR (p <0.05) (Fig. 3). There was no signifi-
cant effect of cholesterol level and gender on GFR in both
groups. It is worth noting that elevated ferritin levels re-
flect the risk of renal dysfunction to a greater extent than
elevated C-reactive protein levels, which is in favour of
the former as a more representative laboratory prognostic
marker. D-dimer, which is a fibrin degradation product,
is indicative of hypercoagulability, and this indicator, as
well as age over 60, was more pronounced in patients with
concomitant coronary heart disease, which may be asso-
ciated with chronic inflammation in the vessels and their
atherosclerotic lesions.
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Figure 3. Odds ratio of GFR <34 mL/minx1.73 m? decrease in group 1 patients
and <52 mL/minx1.73 m?* in group 2 patients with each independent predictor)

Source: compiled by the author

At the same time, antithrombotic therapy in patients
with COVID-19 without CHD had a favourable effect on
the GFR (OR 0.58; 95% CI 0.31-0.97) (p <0.05), but in the
group with concomitant cardiovascular comorbidity, no
such association was found. Thus, the clinical significance
of the study is to identify the association between a decrease
in glomerular filtration rate and an unfavourable progno-
sis of COVID-19 in patients with coronary heart disease,
as well as to establish thresholds for GFR for each group,
which can be used to separate patients at high risk of ad-
verse cardiovascular events and death from all causes and

cardiovascular causes. A special risk category is represent-
ed by patients with COVID-19 in combination with coro-
nary heart disease and moderately reduced GFR <51 mL/
minx1.73 m? It is necessary to consider the level of D-dim-
er, C-reactive protein, and ferritin to provide these patients
with oxygen, low-molecular-weight heparins, glucocor-
ticosteroids, high-dose statin therapy and timely admin-
istration of artificial lung ventilation and extracorporeal
membrane oxygenation to eliminate hypoxia and throm-
bosis. Evaluation of the various factors that influence the
improvement or deterioration of COVID-19 (including
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medications) and maximising vaccination of people world-
wide can play a vital role in controlling the spread of the
infectious process and reducing the number of deaths.

Discussion

V. Mahalingasivam et al. [16] in their review study pre-
sented data from the United Kingdom that patients with a
GFR of 30-60 mL/minx1.73 m* had a 1.3-fold higher risk
of death associated with COVID-19, and in patients with a
GFR <30 mL/minx1.73 m? this risk was 2.5 times higher
than in patients with normal renal function. In this experi-
ment, the incidence of CEP among patients in group 1 with
a GFR <35 mL/minx1.73 m? was 3.7 times higher, which
considers not only the onset of death but also the devel-
opment of non-fatal cardiovascular complications, but this
figure is still relatively higher. The authors noted that the
lack of baseline data on renal function in the experiments
creates problems in the classification of chronic kidney dis-
ease and acute kidney injury, which potentially impairs the
generalisability of the results, which would be important to
consider in this study.

In an experiment conducted by X. Han et al. in New
York [17], 7.9% of hospitalised patients out of 5700 people
with COVID-19 had a history of chronic kidney disease,
and 9.7% of cases were fatal, which is significantly lower
than the results obtained in this study. Further, the research-
ers cite the results of studies from China and draw attention
to the fact that serum creatinine, acute kidney injury, pro-
teinuria and haematuria were independent risk factors for
mortality in COVID-19, which indicates that patients with
kidney disease require increased attention and monitoring,
especially for patients on haemodialysis. A meta-analysis
by V. Liakopoulos et al. [18] demonstrated that the preva-
lence of CKD among patients with COVID-19 is 5.2% and
is associated with a 3-fold increase in the severity of the
infectious disease and a 2-fold increase in mortality.

Concerning acute kidney injury in COVID-19, ac-
cording to a review study by K. Amann et al. [19], 20%
of patients had acute renal symptoms, and 13.1% had a
GFR <60 mL/minx1.73 m? which is also significantly less
than in this study. Further, the authors, referring to the
Australian registry, presented data on high overall mortal-
ity among patients with CKD and COVID-19 - 27.9% of
infected dialysis patients and 6% of kidney transplant pa-
tients, which means a 1.28-fold increase in mortality com-
pared to the control group. According to L. Yang et al. [20],
the incidence of acute kidney injury among patients with
COVID-19 is 27.17%, which increases the risk of mortality
by 5.24 times and the development of severe conditions by
almost 15 times. At the same time, the prevalence of CKD
among patients with COVID-19 was 5.7%, which increases
the risk of mortality by more than 2 times and the develop-
ment of severe conditions by 1.87 times.

M. Brogan & M.J. Ross [21] note that up to 50% of
patients requiring renal substitution therapy are asympto-
matic, and only 47% have fever (compared to 90% in the
general population), which requires increased vigilance in

terms of COVID-19 infection, as well as monitoring the
functional state of the kidneys. The study’s author provides
similar statistics, stating that the mortality rate in such pa-
tients increases by 20-30%. ]J.B. Wetmore [22] presented in-
formation that about 4.0% of patients on renal replacement
therapy who are hospitalised for a cardiovascular event die
in the hospital and another 4.5% of discharged patients die
within the next 30 days. It has also been proven that not
all patients with COVID-19 can be hospitalised and, there-
fore, are not included in trials, so the mortality rate is likely
to be even higher. The scientist’s study coincides with the
results of this research, emphasising the fact that patients
with COVID-19 in combination with various comorbidi-
ties, including coronary heart disease, have a worse toler-
ance of the lesions, which negatively affects the quality of
kidney function.

Zh. Zheng et al. [23] concluded in their meta-analysis
that in men over 65 years of age, hypertension, diabetes mel-
litus, and concomitant cardiovascular and respiratory dis-
eases can significantly worsen the prognosis of COVID-19.
The authors also noted qualitative laboratory prognostic
markers, namely white blood cell count, aspartate ami-
notransferase, creatinine, procalcitonin, lactate dehydro-
genase, high-sensitivity troponin I and D-dimer. The data
obtained in this study are fully consistent with the analysed
information from other sources, and it is possible to ex-
pand the range of the diagnostic programme in the future.

S. Shah & M.A. Sparks [24] also noted the role of hy-
pertension and old age as risk factors for severe disease, and
pathogenetically this is since SARS-CoV-2 penetrates host
cells through the angiotensin-converting enzyme-2 recep-
tors of the renin-angiotensin system, which in turn leads to
the question of the effect of ACEIs and ARBs, which was
also recorded in the present study, but was not subjected to
further analysis, as it requires a separate study.

M.A. Podesta et al. [25] note that cardiovascular
damage in patients with CKD and COVID-19 occurs in
approximately 20-25% of cases, especially concerning
thrombotic events, as the infectious disease is associated
with a state of hypercoagulation. The authors present data
with a wide range of risk rates — from 4.7 to 31%, but these
cases also had a relationship with the D-dimer. P. Theofi-
lis et al. [26] in their study confirm that, in addition to
pneumonia and thromboembolism, renal dysfunction is
a common and poor prognostic indicator associated with
increased disease severity and mortality. The authors note
that for the timely detection of renal damage, it is neces-
sary to use inflammatory biomarkers not only in blood but
also in urine and that urinary SARS-CoV-2 virus load may
also be an early prognostic sign. However, similar findings
have not been reported in other studies, which requires
further discussion and study.

E.YM. Chung et al. [27] demonstrated the mortal-
ity rate among patients with CKD and COVID-19 was
32 deaths per 1000 person-weeks in their meta-analysis,
which is an interesting unit of measurement that could uni-
ty patients by time of hospitalisation in subsequent studies.
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According to this system, the risk of death in such patients
increases 10-fold compared to people with CKD but no
concomitant infection. According to R.M. May et al. [28],
the incidence of diabetes mellitus and hypertension as clin-
ical comorbidities was increased in patients with COV-
ID-19 (40.4% and 72.5%, respectively), which differs from
the data obtained in this study (28% and 64%, respectively).

J. Smolander & A. Bruchfeld [29] emphasise the im-
portance of assessing the patient on admission with urine
and creatinine diagnostic test strips, and subsequently,
urine sedimentation and quantification of albuminuria if
the results of previous tests are positive. The authors em-
phasise the need to continue treatment with ACEIs and
ARBs, if possible.

It is also worth paying attention to the issue of
post-COVID syndrome (the presence and/or persistence of
symptoms not associated with any other disease 8-12 weeks
after the onset of COVID-19), as the review by S. Copur et
al. [30] notes that more than 30% of patients have symp-
toms of this syndrome, more than 15% require re-hospi-
talisation, and mortality reaches more than 6%, with cardi-
ovascular risks and symptoms playing a key role, and this
is especially true for patients with impaired renal function.
Thus, the results of this study are consistent with the find-
ings of other researchers, but COVID-19 requires a range
of new qualitative studies that could highlight the issues of
comorbidity, pharmacotherapy, and effective management.

Conclusions

This study found that the adverse effect of kidney dam-
age on the course of coronavirus disease depends on the
glomerular filtration rate, and it is more pronounced in
patients with concomitant coronary heart disease than in
patients with COVID-19 without chronic coronary syn-
drome. This effect is detected as early as at a GFR <59 mL/
minx1.73 m? and is manifested in a decrease in patient
survival and an increase in the number of major adverse
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Mostovyi

MopiBHAAbHUM AHAAI3 BNAUBY LUBUAKOCTI
KAy604KkoBOI dhiabTpauii Ha nepebir COVID-19
Yy XBOPUX HQ iLLeMi4Hy XBOpoOy cepus
NP1 CyNyTHiM KOPOHABIPYCHiM XBOpo6i Ta 6e3 Hel

Cepriit €EsrenoBny MocToBuii

KaHAMAQT MEAMYHUX HAYK, AOKTOPCOHT

HaLIOHOABHMI mMeAndHMI yHiBEpcUTET imeHi O. O. BOromoAbLLS
01601, 6yabs. Tapaca LesyeHka, 13, m. Kuis, YkpaiHa
https://orcid.org/0000-0002-8783-3819

AHoOTAL,fA. AKTya/bHICTH HaHOI MpO6IEMaTNKY TOJIATaEe B ToMY, wo maHgemis COVID-19 mpusBena 5o cepito3HUX
MEIMYHUX HACTIOKiB, BK/IIOYAI0YM BUCOKMII piBeHb KOHTAariO3HOCTi, PO3BUTKY XBOpPOO, IIO CYIPOBOMXYIOTHCA
YCK/IaJHEHHAM poOOTY HUPOK Ta CepLIeBO-CYAMHHOI CHCTEMI, @ TAKOX ITiIBUIeHY cCMepTHICTD. ToMy MeTa jlanoi po6oTn
Io/IATala y BUBYEHHI Ta IOpiBHAHHI BIUIMBY IIBUAKOCTI KIy6oukoBoi ¢inprpanil Ha mepebir COVID-19 y xBopux
Ha imemiyHy XBOpoOy cepiis Ta 6e3 Hel. bymo npoBefeHoO peTpocnekTuBHMII aHasi3 410 XBOpMX Ha KOpOHaBipyc, fAKi
Oy/u posmopineHi Ha 2 rpymu: Ti, y AKuX Oy/a HasgBHA XpOHiYHa imemiuHa XBopoba cepid, i Ti, y AKMX He 6y/I0 LIbOro
3aXBOpIOBaHH:A. Bripoposx rocmitanbHoro nepiopy (14,7 + 5,3 f1i6) oniHoBamy KoMOiHOBaHY KiHILIeBY TOYKY — CMepTb
Bifl yCiX IpMYMH Ta Bifi CEpLEBO-CYAVHHNUX IPMYMH Y IOENHAHHI 3 OCHOBHUMM HECIIPUATIVBUMU CEPLIEBO-CYAMHHNMU
noptiamu. byno Bu3HaYeHO MOPOroBi 3HaYeHH: IIBUAKOCTI KiIy6oukoBoi ¢inbTpaii, sAki acolitoBanucs 3i 3pocTaHHAM
YaCTOTYM BMHMKHEHHs KOMOiHOBaHOI KiHueBol Touku: s xBopux Ha COVID-19 menie 35 mn/xBx1,73 m? (p <0,01);
I/ TalieHTiB i3 imemivHoI0 xBopo6oio cepus Ta COVID-19 - menme 60 mn/xBx1,73 mM* (p < 0,01). Hesanexunmn
IIpeUKTOPaMy 3HIDKeHH: (PiIbTpaliifHOl 3[aTHOCTI HUMPOK y XBOpuX 1 rpymu 6ymu: Bik IOHapj 65 pOKiB, HasABHICTD
IIYKpOBOTrO fiiabeTy 2 TUILy, BUCOKUII piBeHb XonecTepuny, [I-mumepy, C-peaktuBHoro 6inka ta gpepuruny. Ha xBopux
2 Ipyny HeCIpUATIMBO BIUIMBAIN LIYKpOBMII AiabeT 2 Tumy, apTepia/lbHa rilepTeHsid, BUCOKMII piBeHb [I-muMmepy Ta
C-peaxTuBHoro 6inxa (p <0,05). Taxy pisHuIo 6y1o OACHEHO BIUIMBOM IIPOBEeHOI Tepailii i3 TOUKOI0 NpMUK/IaJaHHA
Ha aHTUKOAry/IIHTHY Ta PeHiH-aHTiOTeH3MHOBY cucTeMy. Lle mocmimkeHHA [03BOMUTH cTpaTudikyBaTy NalieHTIB 3
KOPOHaBipYyCOM B acIleKTi IIOpyIIeHHA HUPKOBOI QYHKIII Ta pakTOpiB pU3NUKY, a TAKOXK BUSHAUUTU e(eKTUBHI cTparerii
X BeleHHA B 3aJIKHOCTI Bijj IBUAKOCTI KITyO04uKOBOi QinbTrparii

KAlo40Bi cAOBAQ: aprepianbHa rinepreHsist; GakTopy pU3NKY; KOMOPOifHICTb; TeTaNbHICTD

International Journal of Medicine and Medical Research, 2023, Vol. 9, No. 1 23


https://orcid.org/0000-0002-8783-3819

International Journal of Medicine and Medical Research

Journal homepage: https://ijmr.com.ua/
Volume 9, No. 1. 2023

UDC 616-018.74-008.6-085.27:616.12-008.331.1:616.441-008.64 Article’s History:
DOI: 10.61751/ijmmr.2413-6077.2023.1.24 Received: 15.02.2023; Revised: 01.05.2023; Accepted: 30.05.2023

Endothelial dysfunction correction in patients with hypertension,
dyslipidaemia, and decreased thyroid function

Marta Orel”

Postgraduate Student

I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
46001, 1 Maidan Voli, Ternopil, Ukraine

https://orcid.org/0009-0007-6916-140X

Larysa Martynyuk

PhD in Medical Sciences, Associate Professor

I. Horbachevsky Ternopil National Medical University of the Ministry of Health of Ukraine
46001, 1 Maidan Voli, Ternopil, Ukraine

https://orcid.org/0000-0001-8098-0421

Abstract. Endothelial dysfunction is considered a universal predictor of numerous diseases, development of the compli-
cations and their adverse course. The study aimed to investigate the endothelium-dependent vasodilation among patients
with arterial hypertension, dyslipidemia and different functional state of the thyroid gland and feasibilities of its correction
by means of hypolipidaemic and metabolic therapy. 99 patients with arterial hypertension and dyslipidemia were exam-
ined, among them were 65 hypothyroid persons (group 1) and 34 individuals with normal thyroid function (group 2). The
effects of lipid-lowering combination therapy with ezetimibe and rosuvastatin or monotherapy with statins, and metabolic
therapy with L-arginine aspartate during 3 months on endothelium-dependent vasodilation were studied. At the begin-
ning of the study, the values of endothelial-dependent vasodilation in group 1 compared to those in group 2 were reliably
smaller by 9.38%. After 3 months of treatment, this indicator in group 1 reliably increased by 11.11%, while 19 (29.23%)
patients showed its normalization. The best values of the endothelium-dependent vasodilation was demonstrated by ex-
aminees in group 2 - the indicator reliably increased by 15.76 %, while 17 (50%) patients showed its normalization. To-
gether, the greater increase in the percentage of endothelium - dependent vasodilation was observed among subgroups
of patients that in complex treatment received combination hypolipidaemic therapy with ezetimibe and rosuvastatin, and
metabolic therapy with L-arginine. The best indicators of endothelium-dependent vasodilation were demonstrated by ex-
aminees of both groups who, in addition to combination hypolipidaemic therapy, received metabolic therapy. Decreased
thyroid gland function negatively affected the values of endothelium-dependent vasodilation and overweighted the possi-
bilities of endothelial dysfunction correction in this cohort of patients. The results of the study can be applied in internal
medicine clinic for complex treatment of comorbid hypertensive and hypothyroid patients

Keywords: blood pressure; lipid metabolism; hypothyroidism; ezetimibe; vasodilation; L-arginine; thyroid stimulating
hormone

Introduction

Arterial hypertension (AH) is one of the leading causes = AH is the cause of 10.4 million deaths annually, while in
of cardiovascular morbidity and mortality worldwide [1].  Ukraine mortality due to elevated systolic blood pressure
According to the International Society of Hypertension (BP) is 552.57 per 100,000 population [3, 4]. It is predicted
(ISH) over 1.5 billion people suffer from this disease [2].  that the number of such patients will increase by 15-20%
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by 2025. The World Health Organization (WHO) report-
ed that in 2019 about 10.8 million patients with AH were
registered in Ukraine, among them only 14% systematically
received antihypertensive therapy, about 30% - periodical-
ly [5]. STEPS Survey 2019 revealed that out of one third of
the population of Ukraine with AH, 63.3% of respondents
were previously unaware of their high BP and only 54.8%
of these individuals, who knew, were taking antihyper-
tensive medications [6]. Concurrently, more than 50% of
patients with hypertension have additional cardiovascular
risk factors, which burden the course of the disease and its
prognosis and worsen the quality of life of such patients.
Among them are hyperglycaemia, disorders of lipid me-
tabolism, abdominal obesity (waist circumference of above
102 cm in men and 88 cm in women), insulin resistance
as the components of metabolic syndrome, sedentary
lifestyle, unhealthy diet, smoking, and some others [7].

Disturbance of the normal functioning of the vessel
endothelium - endothelial dysfunction (ED), along with
AH, is one of the early stages in the pathogenesis of athero-
sclerosis and its complications, heart failure. Furthermore,
the association of AH with ED is explained by the fact
that the latter can be both its cause and consequence [8].
In particular, Y. Li et al. [9] have demonstrated the role of
ED in the development and progression of AH by reduc-
ing the release of nitric oxide (NO) and acceleration of its
degradation was proven, in addition to increased activ-
ity of angiotensin — converting enzyme on the surface of
endothelial cells and increased synthesis of endothelin-1
and other vasoconstrictor substances by endothelial cells
in case of their dysfunction. Chronic inhibition of NO in
the experiment leads to all organic outcomes of severe
long-lasting AH, including atherosclerosis and vascular
organ damage [10]. Conversely, according to the research
of J. Goodwin [11], high BP potentiates the escalation of
oxidative stress and intracellular accumulation of free rad-
icals that adversely affect the function and cohesion of en-
dothelial lining and is one of the pathogenetic links of ED.

Mechanisms of normalization of endothelial function
in patients with AH have the objective of lowering BP,
regulating lipid profile and providing additional synthe-
sis of NO by endothelial cells. Efforts are aimed towards
finding an optimal medication that will not only come up
with an endothelium - protective effect, but contribute to
the reverse development of ED. The study of D.V.T. da Sil-
va et al. [12] revealed that among such agents are some
antihypertensive drugs, including angiotensin-converting
enzyme inhibitors, dihydropyridine calcium - channel
blockers, B-blockers thiazide diuretics and phosphodi-
esterase type 5 inhibitors, sodium - glucose cotransport-
er — 2 inhibitors, antioxidants, NO donors and others.

The combination of two and more pathological con-
ditions or diseases in one patient contributes to the for-
mation of new and deepens the existing pathogenetic
mechanisms of the disease. The prevalence of hypothy-
roidism in Ukraine is high and slowly increases, while the
deficit of thyroid hormones leads to impairment of lipid

metabolism and contributes to cardiovascular morbidity.
There is not enough data about the functional state of the
vessel endothelium in comorbid patients with hypothy-
roidism and arterial hypertension. The study aimed to
examine the advantages of ezetimibe and L-arginine as-
partate use in endothelial dysfunction correction among
patients with high blood pressure, dyslipidemia and de-
creased thyroid gland function.

Materials and Methods
The research was conducted during the period of 2019-
2023 and included 99 patients with stage 2 AH who were
treated in the cardiology department of the Ternopil Re-
gional Clinical Hospital. The average age of the patients was
58.62 + 1.12 years, among them 43 (43.43%) men and 56
(56.57%) women. The diagnosis of AH was made according
to the protocol approved by the order of the Ministry of
Health of Ukraine dated May 24, 2012 No. 384 [13]. Stage 2
AH was defined as systolic blood pressure (SBP) in values
>140-159 mmHg and/or diastolic blood pressure (DBP) in
values > 90-99 mmHg and the presence of asymptomatic
hypertension-mediated organ damage, and/or chronic kid-
ney disease stage 3 while glomerular filtration rate with-
in 30-59 mL/min, and/or diabetes mellitus without organ
damage and assumed the absence of associated clinical
conditions in accordance to national and European Soci-
eties of Hypertension and Cardiology (ESH/ESC 2018)
requirements [14]. All patients were determined lipid pro-
file indicators and types of dyslipidemia were established
in accordance with the classification of Fredrickson and
colleagues [15]. The functional state of the thyroid gland
was evaluated in a laboratory using the enzyme-linked
immunosorbent assay by determining the concentra-
tion of free thyroxine (T,), general triiodothyronine (T,)
and thyroid-stimulating hormone (TSH) in blood serum.
Normal values of the free T, were considered from 12 to
22 pmol/L, general T, from 1.3 to 3.1 nmol/L and TSH
level from 0.270 to 4.20 mIU/L. Primary hypothyroidism
was diagnosed when elevated TSH levels, decreased free T,
and normal or decreased general T, values in blood serum.
Subclinical hypothyroidism was diagnosed in the case of
TSH levels from 4.21 to 10.00 mIU/L and normal values
of thyroid hormones. The exclusion criteria were: stage 1
and stage 3 AH, ischaemic and/or haemorrhagic stroke,
myocardial infarction in the anamnesis, diabetes mellitus,
chronic kidney disease, other chronic diseases, the patient’s
refusal to take part or continue to participate in the study.
All examinees were divided into groups according to
the functional state of their thyroid gland and methods of
treatment (Table 1). Group 1 involved 65 (65.65%) indi-
viduals with reduced thyroid function, among them were
34 (34.34%) patients with primary hypothyroidism and 31
(31.31%) patients with subclinical hypothyroidism, who
previously received levothyroxine replacement therapy in
the dosage of 25-50 mcg daily for the purpose of normal-
izing the thyroid function. Group 2 included 34 (34.34%)
individuals with arterial hypertension with normal thyroid
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function. Examinees of both groups were randomly di-
vided into 4 subgroups and each of them was prescribed
distinctive treatment. Patients in all subgroups received hy-
polipidaemic therapy with rosuvastatin; in subgroup 1, in-
dividuals were additionally prescribed ezetimibe and meta-

bolic therapy, in subgroup 2 patients received combination
lipid-lowering therapy with ezetimibe, and in subgroup 3
- metabolic therapy, besides statins. All examinees received
antihypertensive and antiplatelet medicines according to
approved national protocol [13].

Table 1. Distribution of patients into groups in accordance to the functional state
of their thyroid gland and methods of treatment

Group Characteristics

1,n=65 Patients with arterial hypertension and reduced thyroid function
11n=16 Combination: ezetimibe 10 mg + rosuvastatin 10 mg 1 tablet once daily, L-arginine aspartate oral solution 1 measuring
? spoon (5 mL) 4 times daily
1.2,n=16  C ombination: ezetimibe 10 mg + rosuvastatin 10 mg 1 tablet once daily
1.3,n=16  Rosuvastatin 20 mg 1 tablet once daily, L-arginine aspartate oral solution 1 measuring spoon (5 mL) 4 times daily
1.4,n=17  Rosuvastatin 20 mg, 1 tablet once daily
2,n=34 Patients with arterial hypertension and normal thyroid function
21 n=9 Combination: ezetimibe 10 mg + rosuvastatin 10 mg 1 tablet once daily, L-arginine aspartate oral solution 1 measuring
? spoon (5 mL) 4 times daily
2.2,n=8  Combination: ezetimibe 10 mg + rosuvastatin 10 mg 1 tablet once daily
2.3,n=9  Rosuvastatin 20 mg 1 tablet once daily, L-arginine aspartate oral solution 1 measuring spoon (5 mL) 4 times daily
2.4,n=8  Rosuvastatin 20 mg, 1 tablet once daily

Source: compiled by the authors

Functional state of vascular endothelium was deter-
mined by non-invasive technique of the endothelium-de-
pendent vasodilation (EDV) of the brachial artery (BA)
evaluation by the method proposed by D.S. Celermajer et
al. [16] before and after 3 months of prescribed treatment.
All examinees underwent a cuff test while by means of
Doppler ultrasound examination the initial diameter (DO0)
of the BA and diameter of the BA on the fifth minute after
distal occlusion of the blood flow (D1) were determined.
The response of the vessel endothelium was evaluated as
the ratio of the difference between the diameter of the BA
on the fifth minute of test and the initial diameter of the BA
to its initial diameter:

EDV = 20 5 1009, (1)
0

where EDV - endothelium - dependent vasodilation; D, -
initial diameter of the BA; D, - diameter of the BA on the
fifth minute of distal occlusion of the blood flow.
Anincrease in the BA diameter of less than 8-10% when
performing a cuff test was considered a manifestation of
ED. Statistical analysis of the obtained data was carried out
using MS Excel 2016. The results of the study are presented
in the form of arithmetic mean values with the error of the
mean square deviation of the sample (M + m). The proba-
bility of data differences in groups was determined using
the reliability coefficient P, which was estimated based on
Student’s t test. The difference in indicators was considered
statistically reliable at P <0.05. The strength and direction
of the linear relationship between variables was meas-
ured by Pearson’s pairwise correlation coefficient (R). The

study was conducted on the basis of informed consents in
accordance with the requirements of bioethics in compli-
ance with the provisions of the e Helsinki Declaration [17].

Results and Discussion

The mean age of the patients in group 1 was 61 + 1.38
years, and in group 2, it was 54.06 = 1.73 years (P =0.003).
There was found no reliable difference in the age of pa-
tients between different subgroups of each group. TSH
level among patients with AH and hypothyroidism pre-
vailed this indicator among those with normal thyroid
function on 3,25 mIU/mL (5.66 + 0.35 mIU/mL against
2.41 £v0.18 mIU/mL respectively, P =0.000).

The study found that the mean value of EDV in patients
with AH and decreased thyroid function at the beginning
of the study was reliably lower compared with this indica-
tor among patients with AH and normal thyroid function
by 9.38% (6.67 = 0.07% against 7.36 + 0.13%, P = 0.000)
(Fig. 1). According to the results of cuff test among group 1
before and 3 months after the prescribed treatment, the
mean value of EDV reliably increased by 11.11% and was
7.41£0.12% (P =0.000).

The highest indicators of EDV among patients with AH
and decreased thyroid function were observed in subgroup
1.1, who, in addition to standard complex treatment, re-
ceived lipid-lowering combination therapy with ezetimibe
and rosuvastatin, and L-arginine aspartate (Table 2).
The increase in the percentage of EDV in this subgroup
was 16.49%. Together, the reliable improvement of EDV
among individuals in subgroup 1.3 by 13.18% was noted,
who received therapy with rosuvastatin and L-arginine.
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Among patients in subgroups 1.2 and 1.4, who were ad-
ministered ezetimibe and rosuvastatin, or monotherapy
with rosuvastatin without L-arginine, the increase in the
percentage of EDV was rather smaller — 8.51% and 6.19%
respectively. Normalization of ED was observed among 10

10
8
S
6
)
58]
4
2

Group 1

Group 2

(15.39%) patients in subgroup 1.1 and among 3 (4.62%)
and 6 (9.23%) examinees in subgroups 1.2 and 1.3 respec-
tively. No patient in subgroup 1.4 with AH and reduced
thyroid function showed normalization of EDV value
while taking rosuvastatin.

m EDV at the beginning of the study, %

m EDV after 3 months of treatment, %

EDV after 3 months of treatment, %
EDV at the beginning of the study, %

Figure 1. The mean values of EDV in patients with decreased and normal thyroid function, %

Source: compiled by the authors

Table 2. EDV in patients with AH and decreased thyroid function before and after treatment (M + m)

Group EDYV at the beginning of the study, % EDYV after 3 months of treatment, %

"

1.1 6.95+0.14 8';,)23%53
.

1.2 6.46+0.17 7'19 ! f)'%'gg
.

1.3 6.83+0.15 7'5 > J(—').%'gg
.

1.4 6.46%0.10 6§i§%&g

Notes: * marked indicators are significantly different from the data at the beginning of the study (P <0.05)

Source: compiled by the authors

The best measures of EDV of the BA were demonstrat-
ed by examinees with AH and normal thyroid function. The
mean value of EDV in this group of patients significantly
increased by 15.76% and was 8.52+0.17% (P =0.000). Es-
pecially, there was noted reliable improvement of EDV by
20.19% in subgroup 2.1 (Table 3). The value of EDV in sub-
group 2.3, while taking rosuvastatin and L-arginine, reliably

Group

EDYV at the beginning of the study, %

increased by 17.32%, and in subgroups 2.2 and 2.4 among
patients, who were administered either combination of eze-
timibe and rosuvastatin, or monotherapy with rosuvastatin,
by 13.26% and 11.85% respectively. Normalization of ED
was observed in 5 (55.56%) individuals in subgroup 2.1, 5
(62.5%) examinees in subgroup 2.2 and among 4 (44.44%)
and 3 (37.5%) patients in subgroups 2.3 and 2.4 respectively.

Table 3. EDV in patients with AH and normal thyroid function before and after treatment (M +m)

EDV after 3 months of treatment, %

n
2.1 7.58+0.33 931::—')'%35
.
22 7.62+0.26 Sﬁi Jg.%'gg
.
23 6.93+0.28 Sgi 3%33
.
2.4 7.3440.19 Sﬁlj)_%gf

Notes: * marked indicators are significantly different from the data at the beginning of the study (P <0.05)

Source: compiled by the authors

International Journal of Medicine and Medical Research, 2023, Vol. 9, No. 1

27



Endothelial dysfunction correction...

The correlation analysis revealed strong negative relia-
ble correlations of EDV with the age of patients (R=-0.6877,
P =0.000) and TSH levels (R =-0.5111, P = 0.000), and
weak negative correlations with duration of hypertension
(R=-0.1987, P=0.049) and body mass index (R =-0.2074,
P =0.039) among examinees of all groups.

While the primary objective of statin therapy in man-
aging hypertensive patients is traditionally focused on
lipid reduction, this study has unveiled a noteworthy im-
provement in endothelium-dependent vasodilation (EDV)
of the brachial artery (BA) following a 3-month course of
rosuvastatin in all examined patients. Furthermore, the
research by V. Serhiyenko & A. Serhiyenko [18] suggests
that the positive impacts of statin therapy on the vascular
wall and blood flow stem from an augmentation in the ex-
pression of endothelial NO-synthase. This augmentation
leads to increased nitric oxide release, enhancing vasodi-
lation in coronary and peripheral arteries, along with the
suppression of local inflammation and stabilization of
atherosclerotic plaques. The pleiotropic effects of statins
on the endothelium encompass a reduction in endothe-
lin-1 synthesis, suppression of angiotensin-1 and tissue
plasminogen activator receptors, increased expression of
plasminogen activator inhibitor, coupled with a reduction
in oxidative stress. These actions collectively enhance neo-
vascularization and reendothelialization processes, inhibit
endothelial cell apoptosis, and confer antithrombotic and
anti-ischaemic properties [19].

Concurrently, the perspective of Y. Higashi [20] em-
phasizes the need for more specific and adequate methods
to evaluate endothelial function, particularly in patients
with dyslipidemia, considering the close association ob-
served between endothelial dysfunction, disturbances in
lipid metabolism, and their potential role in cardiovas-
cular complications. Another lipid-lowering agent, eze-
timibe, has demonstrated an ability to improve vascular
endothelial function. However, the mechanisms underly-
ing this effect remain incompletely understood. It is con-
sidered that the reduction of the risk of adverse cardiovas-
cular events when using ezetimibe is a result of blocked
activity of cholesterol transport protein Niemann-Pick
C1 - Like 1 at the level of the villi of small intestine mu-
cous membrane, which leads to suppression of intestinal
absorption and reducing the inlet of low - density lipo-
proteins (LDL), oxidized LDL and oxysterol, that come
with food, into the liver [21]. According to the studies of
M. Vavlukis and A. Vavlukis [22] this sequentially leads
to the activation of the LDL receptors on the surface of
hepatocytes and is accompanied by an increased clearance
of the LDL cholesterol from the blood. While this study
revealed the highest increase in the percentage of EDV
among patients who received combination lipid-lower-
ing therapy with ezetimibe and rosuvastatin compared to
patients who received monotherapy with statins, the re-
search of V. Serhiyenko & A. Serhiyenko [23] found that
the use of ezetimibe can reduce the levels of LDL choles-
terol by 10-18%. In combination with statins, it decreases

the level of triglycerides by 10%, insignificantly affects
the level of high-density lipoprotein cholesterol in blood,
contributes to the regression of atherosclerotic plaques,
and improves vasodilation.

Shifting focus to L-arginine, a conditionally essential
amino acid serving as a substrate for NO synthase, it cataly-
ses the synthesis of NO by endothelial cells. Oral L-arginine
selectively enhances EDV in individuals with impaired en-
dothelial function, reducing the aggregation and adhesion
of thrombocytes and monocytes to the endothelial wall,
and limiting the synthesis of endothelin-1. Several studies
have showcased the beneficial effects of L-arginine use in
patients with arterial hypertension, ischaemic heart dis-
ease, and atherosclerosis, impacting not only endothelial
function but also normalizing blood pressure levels, lipid
metabolism, LDL oxidation processes, and decreasing
markers of cell adhesion and pro-inflammatory cytokines
in blood serum. L-arginine has also demonstrated positive
effects on the proliferation of vascular smooth muscle cells
and an overall enhancement in the quality of life for such
patients [24, 25].

Nevertheless, there remains a scarcity of data regard-
ing the outcomes of hypolipidaemic and metabolic therapy
in individuals with arterial hypertension and an impaired
functional state of their thyroid gland. This study identi-
fied the most substantial increase in the percentage of EDV
among hypertensive patients who received a combination
of lipid-lowering therapy with ezetimibe and rosuvastatin,
alongside metabolic therapy involving L-arginine. This
increase amounted to 16.49% among individuals with de-
creased thyroid function and 20.19% among those with
normal thyroid function. Additionally, a robust negative
correlation was observed between EDV and TSH levels
across all examined patients. These findings underscore
the potential interplay between metabolic factors, thyroid
function, and the efficacy of combined therapeutic ap-
proaches in hypertensive individuals.

Conclusions

Both, arterial hypertension and decreased thyroid gland
function, negatively affect the state of the vessel endothe-
lium. While the conducted study aimed to discover the
changes of endothelium-dependent vasodilation among
patients with hypertension and different thyroid gland
function, as well as prospects of its correction, it revealed
significantly lower indicators among those with hypothy-
roidism. Moreover, the study found that decreased lev-
els of thyroid hormones not only had a negative impact
on the values of endothelium-dependent vasodilation in
hypertensive patients, but burdened the possibilities of
endothelial dysfunction correction in this cohort of ex-
aminees The mean values of endothelium-dependent
vasodilation among patients with hypothyroidism were
reliably lower compared with those among patients with
arterial hypertension and normal thyroid function both
before and after the prescribed treatment - 6.67 + 0.07%
against 7.36 + 0.13% (P =0.000) and 7.41 £ 0.12% against
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8.52+0.17% (P =0.000) respectively. The greater increase
in the percentage of endothelium-dependent vasodilation
indicators was observed among patients of both groups
that received lipid-lowering combination therapy with eze-
timibe and rosuvastatin, and metabolic therapy with L-ar-
ginine aspartate. The use of combination hypolipidaemic
and metabolic therapy in the complex treatment of patients
with arterial hypertension, dyslipidemia and decreased thy-

thyroid stimulating hormone was found among all exam-
ined individuals (R =-0.5111, P =0.000). Further studies
concerning the effects of the proposed schemes of treat-
ment on lipid metabolism and cardiovascular risk factors
modification among patients with AH, depending on the
functional state of the thyroid gland, are expected.
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AHoTaujf. ExporenianbHa AucOYHKIiA BBAXKAETHCS YHIBEPCAIBHUM IPEAMKTOPOM 06ararboX 3axBOPIOBAHb,
PO3BUTKY iX yCKIaJHeHb Ta HeCIPUATIUBOrO Iepebiry. Meroo poborm 6yI0 HOCHIAUTH eHJOTeNliil-3aleXHy
Ba3sOAMIATALII0 I/IEYOBOI apTepil y XBOpMX Ha apTepiajibHy TillepTEH3il0 Ta AMCIINigeMilo i3 PiSHUM TUPEOIfHUM
CTAaTyCOM Ta MOXUIMBOCTI II KOpeKIii i3 3acTocyBaHHAM rinosninigemiynoi Ta Merabomniunoi Tepamii. O6cTexeno 99
ocib i3 apTepianbHOIO rillepTeH3i€lo Ta AucinifeMi€lo, cepell HUX 65 NMAli€HTIB i3 3HIDKEHOI0 PYHKIII€I0 IUTOIOAIOHOT
3aso3u (rpymna 1) Ta 34 manieHTV i3 HOpMaJTbHUM TUPEOIFHUM CTaTycoM (rpyna 2). Busdeno BB rinoninigemivnol
Tepaii i3 3acTocyBaHHAM KoMOiHalii e3TMi0y Ta po3yBacTaTuHy a0 MOHOTepalii cTaTMHaMU, a TAKOXX MeTaboJIivHO]
Tepamil i3 BUKOPUCTaHHAM L-aprininy acrmapraTy npoTAroM TpboX MicCAILIiB Ha €HIOTENii-3aKe)XHy Ba3OfMUIATALIIIO.
[ToxasHUK eHJOTeNili-3a/Ie)KHOI Ba3opuaATalil y rpymi 1 Ha movyatky HOCIipkeHHA OyB BiporifHO MeHIIMM Bif
TAHOTO TOKasHMKa y rpymi 2 Ha 9,38 %. Yepes 3 MicAlll NpusHaYe€HOro JiKyBaHHA MOKA3HUK €HJOTENiN-3a/IeXXHOl
BasopmATanii y rpyni 1 gocroBipHo mokpamuscs Ha 11,11 %, BogHo4ac y 19 (29,23 %) oci6 cnocrepiramu joro
HopMaisaniro. Halikpaili mokasHUKY eH[JOTeili-3a/Ie)KHOI Ba3oguIATalil IpOieMOHCTpYBaIu 00CTeXeHi rpymm 2 —
cepefHiil TOKa3HUK BiporifiHo 3pic Ha 15,76 %, a itoro HopMasisauiio npogeMorcTpysanu 17 (50 %) nanienris. binbmmit
NPUPICT BifICOTKA EHIOTENIN-3a/IEXKHOI Ba3OAUIATALIl CIIOCTEpiraBcA y MiATpyax NalieHTiB, AKi OTPUMYBaIN Y CKIafi
KOMIUIEKCHOI Tepanii koM6iHOBaHy rinojinigeMiuHy Tepaliio e3eTuMiby Ta po3yBacTaTUHY, Ta MeTabOMIYHY Tepalliio
i3 3acrocyBanHAM L - aprininy. Hajikpamli IOKasHMKM €HJOTeNil-3a/1eXKHOI Ba3opMIATaLii MpOofeMOHCTPyBanu
obcTexxeHi 060X rpym, fAki, okpiM koM6iHOBaHOI rinoninifeMiynoi Teparmiii, JOFATKOBO OTPUMYyBaIM MeTabOIiuHY
Tepamnilo. ['inoTupeoigHMil cTaTyc NaljieHTiB HETaTMBHO BIIZIMBAB Ha ITOKa3HUKM €HJIOTENiN-3a/1eXXHO0I Ba3oaunATanjii
Ta 00TKYBaB MOXKIMBOCTI Kopekuii enporenianpaol aucdyHkuii y maHin xoroprti oci6. Pesynbratu focnimxeHHA
MOXYTb OyTM BUKOPMCTaHi y KIiHiLli BHYTPIIHIX XBOp0o6 y KOMIUIEKCHOMY JiKyBaHHI XBOpMX i3 KoMopObimHOIO
TIaTOJIOTIi€I0 — apTepia/IbHOIO TiEePTEH31€I0 Ta TIMOTUPEO30OM

KAlo4OBi cAOBQ: kpoB’stHMIT TUCK; OOMIH NimifiB; TinoTrpeos; e3eTuMi6; Basopustanis; L-apriHi; TMpeoTponHmii
TOPMOH
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Abstract. Oxidative stress is related to the development of metabolic and chronic diseases. Mitigation and prevention
of the oxidative stress influence remain one of the most pressing issues in biology and medicine. The objective of the
research was to examine and compare the role of the glutamic acid, both individually and in combination with pyri-
doxine, in mitigating the oxidative stress effects elicited by epinephrine. Biochemical methods (determination of the
activity of antioxidant enzymes, alanine and aspartate aminotransferases, lipid peroxidation products) and statistical
methods were used in the research. The findings indicate that the additional use of L-glutamic acid, both individually
and in combination with pyridoxine, allows the body to reach control values or approach them to a greater extent than
in groups of animals that did not receive these substances. In particular, such data were found for the following indica-
tors: restored glutathione, lipid hydroperoxides (third experimental group), glutathione peroxidase, thiobarbituric acid
reactive substances (second and third experimental groups), superoxide dismutase (spleen, liver, brain), catalase (liver,
brain). In contrast, in the first experimental group, which only experienced stress, the activity of superoxide dismutase
(spleen, brain, and liver) and catalase (brain, liver, and lungs) decreased compared to the control and the second and
third experimental groups. When modelling epinephrine-induced oxidative stress, L-glutamic acid, both individually
and in combination with pyridoxine, demonstrated a mitigating effect on the oxidant-antioxidant imbalance, which
is a key factor in the level of oxidative stress. The research has shown the potential application of L-glutamic acid for
mitigating and protecting the body during states accompanied by oxidative stress

Keywords: activity; biochemical reactions; damage; antioxidant enzymes; rats

Introduction

Oxidative stress, its impact on the human and animal
body, and the search for substances with antioxidant
properties are among the priority areas of biology and
medicine. In particular, the modern lifestyle significant-
ly contributes to the onset of oxidative stress. According
to T.R. Kiran et al. [1], oxidative stress is an imbalance
between the production of free radicals on one hand and
antioxidant protection on the other. Stress is one of the
factors that lead to damage to organs and systems and the
development of diseases. H. Qi et al. [2] have investigat-
ed that prolonged exposure to oxidative stress can cause
structural defects in deoxyribonucleic acid (DNA), as well

Suggest Citation:

as functional changes in certain enzymes and cellular
structures, consequently leading to cell death.

Amino acids have different antioxidant activities.
L-glutamic acid (L-Glu) can protect the body due to its
many properties, including antioxidant properties. The
L-glutamic amino acid is the main metabolic centre in many
organisms [3, 4]. Besides its role in synthesis of protein, it is
involved in a variety of processes. L-Glu is a precursor for
other amino acids, including L-aspartate, L-alanine, L-pro-
line and L-ornithine. And most importantly, this amino
acid, together with L-cysteine and L-glycine, is the synthe-
sis precursor of reduce glutathione (GSH). GSH maintains
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redox homeostasis in the cell and protects against oxidative
damage. J. Kumar et al. [5] have hypothesized that L-Glu
may enhance the antioxidant status and affect the concen-
tration of neurotransmitters. The positive effect of glutamic
acid, both alone and in combination with other substances,
has also been established in the treatment of nutritional de-
ficiencies [6, 7]. L.A. Ponomarenko et al. 8] found that the
use of drug based on glutamic acid in the basic therapy of
patients with gastroenterological pathology has increased
the level of reduced glutathione and normalized lipoperox-
idation processes. The results obtained by P.H. Tsai et al. [9]
revealed that glutamine consumption reduces the expres-
sion of genes associated with oxidative stress, and increases
antioxidant potential in diabetic rats. D.H. Tran et al. [10]
propose the existence of a cystine/glutamate antiporter sys-
tem, wherein intracellular glutamate is expelled to facilitate
the uptake of cystine. These researchers also demonstrated
that with an increase in oxygen concentration, the uptake
of L-glutamic acid by endothelial cells increases. As not-
ed by K. Stach et al. [11], pyridoxine (Pyr) or vitamin B6
is a highly significant compound for cellular metabolism.
M. Parra et al. [12] indicate that Pyr is an extremely im-
portant cofactor for numerous biochemical reactions oc-
curring in the cell. Summarizing the above, oxidative stress
contributes to the development of diseases and mitigating
its consequences remains one of the most urgent prob-
lems. Thereby, the aim of the research was to investigate the
markers of the antioxidant system and lipid peroxidation
under conditions of oxidative stress caused by epinephrine.

Materials and Methods
The studies were conducted using 40 adult Wistar rats
(180-200 g) which were kept on the standard diet of the
vivarium of the Institute of Animal Biology. The research
was conducted in 2020. The rats were kept at the tem-
perature of 22 + 2°C, the humidity of 50 £ 5% and a 12-h
light/12-h dark cycle. Rats (10 animals per group) were di-
vided into 4 groups: three experimental (EG) (Exp.1, Exp.2,
Exp.3) and Control (CG). The experiment duration was 24
hours. Three groups of rats (first, second, and third) were
administered epinephrine intraperitoneally (2 mg/kg).
Then, the rats of the second group were injected with the
L-Glu (750 mg/kg), the third experimental group was in-
jected with L-Glu (750 mg/kg) and Pyr (0.430 mg/kg). Rats
of the control group - the appropriate amount of saline.
Blood and tissues were collected after decapitation of ani-
mals under thiopental anaesthesia. The blood samples were
centrifuged at 3000xg for 15 min; the tissue samples were
homogenized, then centrifuged at 15000xg for 15 min.
Glutathine peroxidase activity (GPx, EC 1.11.1.9)
was controlled by the glutathione restoration rate in the
nicotinamide adenine dinucleotide phosphate (NADPH)
presence [13]. The activity of glutathione reductase (GR,
EC 1.6.4.2) was determined by the method of catalysis of
NADPH-dependent reduction of the oxidised glutathione
(GSSG) and reported as pmol NADPH/min/mg pro-
tein [13]. The activity of superoxide dismutase (SOD, EC

1.15.1.1) was defined by the level of inhibition of the rate
of nitroblue tetrazolium-reduction. The catalase activity
(CAT, EC 1.11.1.6) was defined by formation of a stable
complex of molybdenum salts and hydrogen peroxide [13].
The level of reduced GSH was quantified by reactions be-
tween the SH groups of GSH and 5,5’-dithio-bis (2-ni-
trobenzoic acid) [13]. The content of lipid hydroperoxide
(LOOH) was counted as the difference between the control
and the experimental values and the content of products
reacting from thiobarbituric acid (TBARS) based on the
interaction between thiobarbituric acid and malonic al-
dehyde and represented as nmol of TBARS/mL [13]. The
concentration of aspartate aminotransferase (ASAT) and
alanine aminotransferase (ALAT) were investigated in the
blood plasma by using a biochemical analyser “Humalyz-
er 2000” (Germany). Experimental data were processed by
methods of variation statistics using OriginPro 8 software.
To determine differences between sample means, the Stu-
dent’s t-test was used. Differences with a P value of less than
5% (P < 0.05) were considered significant. Research con-
ducted as per the principles of the “European Convention
for the Protection of Vertebrate Animals used for Exper-
imental and Other Scientific Purposes” [14] and the Law
of Ukraine No. 3447-IV “On Protection of Animals from
Cruelty” [15].

Results

Glutathione has a fundamental role against oxidative stress
and oxidative damage [16]. The increase in the content of
reduced glutathione in the red blood cells (RBC) of rats of
the 1* and 2™ groups in comparison with CG was found
(Fig. 1(A)). It is worth mentioning the content of the above
tripeptide in the L-Glu/Pyr group did not undergo signifi-
cant changes. GR activity was significantly reduced in ani-
mals of all EG (Fig. 1(B)).

The GPx activity in RBC was significantly higher in
animals of the first EG in relation to the CG (Fig. 2(A)). In-
stead, GPx activity did not change in the animals of the 2nd
EG and 3rd EG that received additional the above-men-
tioned substances. The activity of the studied enzyme in
animals of the second and third groups was probably lower
than in animals of the first EG. No changes in catalase ac-
tivity were observed in any of the EG of animals (Fig. 2(B)).
The decrease in GH may be the lack of reduced NADPH
coenzymes formed in the pentose phosphate cycle. It is dif-
ficult to explain the prolonged activation of GPx in the ani-
mals of the first EG, which was almost 5 times higher com-
pared to the second and third EG that received additional
L-Glu and Pyr. Moreover, catalase activity did not change
in any of the EG of animals compared to the control. Such
changes can be interpreted as mobilisation of the body to
overcome the effects of oxidative stress. It can be assumed
that this occurred after a previous decrease in this indicator.

The key regulatory systems of the organism include
the antioxidant protection system, which regulates the level
of free radicals and peroxides formed in biochemical re-
actions involving reactive oxygen species. The antioxidant
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Figure 1. Influence of L-Glu and L-Glu/Pyr on GSH content and GR activity in rat RBCs
Notes: A — GSH content in rat red blood cells under the influence of L-Glu and L-Glu/Pyr. B - GR activity in rat
red blood cells under the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05). A - differs

significantly from the 1* EG (P <0.05)
Source: compiled by the author
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Figure 2. Influence of L-Glu and L-Glu/Pyr on GPx and CAT activity in rat RBCs
Notes: A — GPx activity in rat red blood cells under the influence of L-Glu and L-Glu/Pyr. B — CAT activity in rat
red blood cells under the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05). A - differs

significantly from the 1* EG (P <0.05)
Source: compiled by the author

defence system prevents the development of uncontrolled
reactions, in particular, lipid peroxidation reactions. Inten-
sification of free radical processes is a universal mechanism
of cell damage. This research has shown an intensification
of lipid peroxidation in the first and second EG exposed
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to stress. It is worth noting the increase in the LOOH con-
tent in the first and second groups by 65.5% and 43.6%,
respectively, and the content of TBARS in 2 times in ani-
mals of the first group of animals compared to the control
(Fig. 3(A, B)).

W s [© NN |
! ! ! ! !

TBARS, nmoL/mL

Figure 3. LOOH and TBARS content in rat blood plasma under the influence of L-Glu and L-Glu/Pyr
Notes: A — LOOH content in rat blood plasma under the influence of L-Glu and L-Glu/Pyr. B - TBARS content in rat

blood plasma under the influence of L-Glu and L-Glu/Pyr. *

significantly from the 1* EG (P <0.05)
Source: compiled by the author

- differs significantly from the CG (P <0.05). A - differs
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The antioxidant defence system in body tissues pre-
vents the development of lipid peroxidation reactions. SOD
provides dismutation of the superoxide radical, which is a
precursor of the hydroxide radical. The results obtained
indicate that superoxide dismutase activity in kidney tis-
sue was higher in animals of the first and second EG com-
pared to control (Fig. 4(A)). This can be explained by the
activation of antioxidant enzymes in response to stress. It
should be noted that the increase in SOD activity was most
pronounced in animals of the first and second EG com-
pared to the CG. Superoxide dismutase activity in spleen
tissues was significantly reduced in animals of the first
EG by 31.6% compared to the CG. This confirms the data
on the antioxidant and membrane-stabilising effects of
L-Glu. Lower superoxide dismutase activity was observed
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in the brain and liver tissues of rats of the first EG inject-
ed with epinephrine without the above amino acids com-
pared to the CG. The SOD activity in lung and myocar-
dial of all EG was at the level of the CG. CAT activity in
brain and liver tissues was significantly lower by 60.5% and
38.8%, respectively, in animals of the first EG that received
epinephrine (Fig. 4(B)). In the animals of the 2" EG and
3rd EG, which received glutamic acid and glutamic acid in
combination with Pyr, CAT activity was at the control lev-
el. The amount of catalase in a cell is sufficient to prevent
a small amount of H,O, from causing potential toxicity.
When analysing catalase activity in lung tissue, it should
be noted that this indicator decreased in animals of the
first and second EG by 19% and 16.4%, respectively, com-
pared to the CG of rats.
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Figure 4. SOD and CAT activity in various rat tissues under the influence of L-Glu and L-Glu/Pyr
Notes: A — SOD activity in rat tissues under the influence of L-Glu and L-Glu/Pyr. B — CAT activity in rat tissues under
the influence of L-Glu and L-Glu/Pyr. * - differs significantly from the CG (P <0.05), A - differs significantly from the 1

EG (P<0.05)
Source: compiled by the author

The protein level metabolism in the body is indicated
by the intensity of reamination processes, which are charac-
terized by the activity of two aminotransferases. Due to the
increased biosynthesis of proteins in the organism of rats,
the activity of transamination reactions increases. ALAT

catalyses the reaction between L-alanine and 2-oxogluta-
rate, which converts them to L-glutamate and pyruvic acid
salt. As can be seen (Table 1), the activity of ALAT in blood
plasma did not significant changes. ALAT activity was high-
er in the first EG of rats, but these data were not significant.

Table 1. Aminotransferase activity in rat blood plasma under the influence of L-Glu and L-Glu/Pyr

Groups ASAT (U/mL) ALAT (U/mL)
EG1 1.57+ 0.12* 0.31+ 0.03
EG2 1.03+ 0.01 0.29+ 0.02
EG3 0.96+ 0.01 0.23+ 0.03

Control 0.96+ 0.02 0.26+ 0.02

Notes: * — differs significantly from the CG (P <0.05)
Source: compiled by the author

As for ASAT (Table 1), which catalyses the reaction
between L-aspartate and 2-oxoglutarate, as a result of
which they are converted to L-glutamate and oxaloacetate,

a significantly higher activity of this aminotransferase was
found in animals of the first EG by 1.6 times compared
to the control. Elevated levels of ASAT under stress are
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considered a sign of mitochondrial stimulation and a mark-
er of tricarboxylic acid cycle activity. The results summing,
the additional use of L-glutamic acid, both alone and in
combination with pyridoxine, had a positive effect on the
body of animals. This was established based on the analysis
of most of the studied parameters, the values of which were
close to the CG of animals.

Discussion

The effect of the test substances on free radical processes in
the blood of rats were investigated. A correlation between
oxidative stress indicators and the enzymes™ activity was
found. The decrease of the GR activity and increase in GPx
activity in animals of the first EG exposed to experimen-
tal stress may be due to compensatory reactions occurring
in the organism in response to the effects of experimental
stress. The data obtained by W. He et al. [17] also indicate
that Glu reduces oxidative stress through direct antioxidant
effects and significantly changes the activity of investigated
enzymes. SOD and CAT activity in animal tissues also un-
derwent changes under stress, in particular, a reduced con-
tent of SOD (spleen, brain, and liver) and CAT (brain, liver,
and lungs) of the first EG was found compared to the CG.
The SOD activity decrease in first EG of rats is probably due
to the depletion of the antioxidant capacity and formation
of free radical oxidation products. This is probably due to
the adaptive response of superoxide dismutase as a sub-
strate-dependent enzyme to stress. It is worth pointing out
that SOD is involved in the scavenging of superoxide gen-
erated by electron transport chain complexes. It is worth
noting that superoxide dismutase activity in myocardial
and lung tissue of all EG was at the level of the CG. This
suggests that under conditions of oxidative stress, the anti-
oxidant system is mobilised.

The animals which were injected with L-Glu and Glu/
Pyr, respectively, differed favourably. The investigated anti-
oxidant enzymes’ activity in the above-mentioned groups
were more similar to the data in the CG of rats. Z. Liu et
al. [18] suggest that there are complex interactions between
reactive oxygen species and different types of antioxidants
to restore redox balance. This may be associated with the
fact that, among other things, the membrane-stabilizing
and antioxidant properties of the amino acid which was
used in these studies. Pyr is the coenzyme in the conver-
sion of homocysteine to cysteine, which supports GSH
biosynthesis. Pyr is a powerful antioxidant, which stores
are quickly depleted under stress. Deficiency of Pyr leads
to alterations in the many aminoacids metabolism, includ-
ing glutamate. L-Glu plays the key role in the metabolic
processes of many organisms, including nitrogen uptake,
amino acid biosynthesis and cofactor production. It can be
assumed that this may be due to the fact that glutamic acid
is a synthesis precursor of reduced glutathione. G. Lian et
al. [19] results indicate that glutamine catabolism leads to
de novo GSH synthesis. A number of authors also point to
the ability of the glutamic acid to reduce the effects of ox-
idative stress in both plants and animals by regulating the

level of antioxidant enzymes [20-22]. J. Fardus et al. [20]
assume that L-Glu pretreatment mitigated oxidative damage
due to keeping ionic homeostasis and raising the activity of
antioxidant enzymes (ascorbate peroxidase and catalase).

Other researchers have found that feeding of glutamine
can effectively improve immune status by increasing the
antioxidant capacity of the experimental animals [21]. The
findings are consistent with a number of researchers who
have concluded that L-Glu has antioxidant properties [23-
25]. The antioxidant properties of glutamic acid are primar-
ily related to the fact that this amino acid is a precursor
of numerous biologically active substances, such as reduce
glutathine, poly-glutamine phosphate cofactors, pyrimi-
dine and purine nucleotides, some amino acids, in particu-
lar, alanine, aspartate, proline, arginine. This is also with
the results of this work. In particular, S. Mahdavifard et
al. [24] established that the use of the aforementioned
amino acid led to the normalisation in the level of glu-
tathione in the animals of the EG compared to the control.
H. Zhang et al. [25] point to the glutamic acid ability to in-
hibit lipid peroxidation and increase antioxidant capacity.
The above-mentioned authors suggest and assume that Glu
reduces oxidative stress through direct antioxidant action
and increased antioxidant enzyme activity. Based on their
own research, authors K. Grucza et al. [26] also consider
that an increase in GSH levels in the body can be achieved
with the help of glutamic acid supplements. The use of the
aforementioned amino acid led to the normalisation by the
amount of GSH in the animals of the third EG compared
to the CG of investigated animals. In the modelling of ox-
idative stress induced by epinephrine, there is a mitigating
effect of glutamic acid, both alone and in combination with
pyridoxine on the oxidant-antioxidant imbalance, which is
the main factor in the degree of oxidative stress. L-glutamic
acid in combination with pyridoxine and L-glutamic acid
individually reduce oxidative stress by intensification of the
antioxidant enzymes activity and inhibiting lipid oxidation.
Moreover, L-Glu/Pyr has a more significant effect than
L-Glu. The aforementioned amino acid, by restoring the ox-
idant-antioxidant balance, participating in protein metabo-
lism, had a positive effect on the body of rats under stress.

Conclusions
When studying and comparing the role of L-glutamic acid
individually and in conjunction with Pyr in mitigating
the effects of the epinephrine-induced oxidative stress, a
change in oxidative stress markers was detected. The re-
sults obtained indicate that the supplementary use of L-Glu
and L-Glu/Pyr allows the organism to achieve the control
level values or approach them to a greater extent than in
animals that did not receive the above substances. In par-
ticular, such data were found for the following indicators:
GSH, LOOH (third EG), GPx, TBARS (second and third
EG), SOD (spleen, liver, brain), CAT (liver, brain).

In contrast, the activity of SOD and CAT in the studied
tissues also changed under the influence of stress. In par-
ticular, in animals of the first EG, a decrease in the content
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of SOD (spleen, brain, and liver) and CAT (brain, liver, and
lungs) were found compared to the control and the second
and third EG. In animals treated with L-Glu and L-Glu/Pyr,
no changes in these parameters were found compared to the
CG. It was found that the superoxide dismutase activity in
the lung and myocardial tissues was at the level of the CG in
all study groups. These studies have shown the possibility of
using L-Glu to mitigate and defend the body in conditions

these processes. These investigations will provide more in-
sights into the interaction of the body’s antioxidant systems
and determine how amino acids affect these systems under
stress conditions. This can be of significant importance in
the development of new methods for the prevention and
treatment of diseases associated with oxidative stress.
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PeryAauis OKCMAQTUBHOIO CTpeCy TAa NEePOKCUAHOTO
OKUCHEHHS AiniAiB, IHAYKOBAHUX QAPEHAAIHOM:
KOPUIryo4a POAb L-rAyTAMIHOBOI KUCAOTH

Harania OmensauiBaa Cananra

KaHAMAQT BIOAOTIYHMX HAYK, CTAPLLMM HAYKOBMIM CMIBPOBITHMK

IHCTUTYT BioAOTiT TBAPMH HALLIOHOABHOT AKAAEMIT ArPAPHUX HAYK YKPQIHM
79034, ByA. Bacuas Ctyca, 38, m. AbBiB, YKpaiHa
https://orcid.org/0000-0003-0592-407X

AHoTaLif. OKUCIIOBaTbHNIL CTPEC ACOLHI0ETHCS 3 PO3BUTKOM META0OMIYHIX Ta XPOHIYHIX 3aXBOPIOBaHb. [[oM IKIEHHS
Ta 3aN00iraHH:A HaCIIKIB OKCUIATMBHOTIO CTPECY 3a/IMIIAETHCA OfHIEI0 3 HallaKTya/IbHIIMX Ipo6yeM 6iomorii Ta Mepy-
1yHN. MeTor BOCIifpkeHHs 6y/I0 BUBYNTY Ta TIOPIBHATH PO/Ib L-I7IyTaMiHOBOI KMCIOTH IK OKPEMO, TaK i B KoMObiHamii
3 MPUIOKCUHOM Y IIOM SIKIIeHHI Hac/IifKiB OKCUIATUBHOIO CTPeCy, CIPUYMHEHOro eniHedpruHOM. Y poboTi BUKOpHMC-
TOByBa/M OioXimMiuHi MeTozy (BM3HAYEHHsS aKTMBHOCTI aHTMOKCUFAHTHVX €H3VMIB, a/laHiH- Ta acapTaTaMiHOTPAaHC-
¢epas, BMiCTy IPORYKTIiB IEPOKCUITHOTO OKVICHEHHS JIIifliB) Ta crarucTiyHi MeTogy. OTpuUMaHi pe3y/lIbTaTi CBiT4yarh,
110 JIOJATKOBE 3aCTOCYBaHHA L-TIyTaMiHOBOI KMCTIOTH, K OKPEMO, TaK i y KOMIITIEKCi 3 MipUJOKCMHOM [03BOJI€ Opra-
Hi3My BMIIT) Ha piBeHb KOHTPOJIbHIX 3Ha4YeHb a00 HaOMM3UTHUCS JO HUX OIIBIIOI MipOI0, HDK y IpyIIax TBapuH, sKi He
OTPMMYBa/IU BUllle3a3Ha4YeHi peyOBMHM. 30KpeMa, TaKi fiaHi O6y/IM BUABIIEH] OO HACTYITHUX NOKa3HVKIB: BiTHOBIEHMI
Iy TaTiOH, Tiffporepokcyy MinifiB (TpeTsa ZocmifgHa Ipyma), Iy TaTiOHIIepOKCuiasa, IPONYKTH peakuil 3 Tiobapbirypo-
BOIO KMCJIOTOIO (Ipyra i TpeTs JOCTiHI IpyIN), CylepOKCUAIMCMYTa3a (cenesiHka, IIediHKa, MO30K), kKaTalasa (IediHka,
Mo30K). Ha BigMiHy Bip mporo, y mepuriit focaigHiit rpymi, ska 3a3HaBaja auile Ail cTpecy, aKTUBHICTb CYIepOKCU-
mycMyTasn (cenmesiHka, MO3OK i IeuiHka) Ta Katanasy (MO30K, ITediHKa i JiereHi) 3HVDKyBalacs HOPiBHAHO 3 KOHTPOJIEM
Ta IPyrol0 i TpeTholo AOCTimHMMY IpynaMu. IIpy MomenoBaHHI OKCHJATUBHOTO CTPECY, iHAYKOBAHOTO eNiHepuHOM,
BiI3HaYa€THCA HOM'HKLHyBam)HMI?[ BIUIMB L-rmyTaMiHOBOI KMCIOTU AK OKPEMO, TaK i B KOMOiHalil 3 MipUIOKCMHOM Ha
OKCUJAaHTHO-aHTHOKCHUJAHTHUI AMCcOATAHC, 0 € OCHOBHMM YVMHHMKOM PiBHS OKCHUAATUBHOTO CTpecy. JoCmimKeHHs 1o-
Kasa/y MOXIVBICTb 3aCTOCYBaHHA L-IIyTaMiHOBOI KMC/IOTH, 3 METOIO IIOM AKIIIEHHS Ta 3aXMCTY OPTaHi3My IIpU CTaHaX,
10 CYIIPOBOJKYIOThCH OKCUIATUBHUM CTPECOM

KAIO4OBi CAOBQ: akTMBHicTh; 6ioximiuHi PpeaKIlil; IOIKO/>XKEeHHs; aHTMOKCUIAHTHI €H3MMM; Iy pU
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Abstract. Treatment of Dupuytren’s contracture improves the quality of life of patients, but standard open fasciectomy
surgery is traumatic and requires long-term rehabilitation. The study aimed to determine whether injectable treatment
with collagenase preparations was effective in comparison with open fasciectomy. Forty patients were examined. Of these,
15 were treated with Clostridium histolyticum collagenase preparations (the main group), and 25 underwent limited fas-
ciectomy (the control group). In 11 (73.3%) patients of the main group, restoration of mobility of the affected joints was
achieved after the first injection, in 3 (20%) - after the second, and in 1 (6.7%) - after the third. Patients in the main
group remained able to work after treatment and did not require rehabilitation; the function of the upper limb was fully
restored on the day of intervention. During the observation period, 12 (80%) patients in the main group were concerned
about dry skin at the intervention site, and 5 (33.3%) patients were concerned about itching and discolouration of the
skin at the intervention site. In 25 (100%) patients of the control group, joint mobility was fully restored. The ability to use
the hand after surgery in patients of the control group was limited for 6 (4.5; 10) days. All patients in the control group
required rehabilitation to relieve stiffness and restore the functional capabilities of the hand. The period of disability in
these patients lasted 16 (12; 24.5) days. 11 (44%) patients had complaints of pain or discomfort in the intervention area
during the follow-up, and 24 (96%) patients were bothered by itching. Satisfaction with the choice of treatment method
in the main group was more frequent compared to the control group. Relapses during the observation period were absent
in both groups. Thus, the efficacy of Clostridium histolyticum collagenase preparations are comparable to the results of
surgical treatment. Minimally invasive treatment is optimal for patients with mild disease, as well as for those who have a
low risk of contracture recurrence. The results of this study can be useful for surgeons when choosing the optimal method
of treating Dupuytren’s contracture

Keywords: palmar fibromatosis; minimally invasive intervention; hand surgery; open fasciectomy; clinical trial; patient
management

Introduction

Dupuytrens contracture is a chronic connective tissue
disease. This pathology occurs as a result of fibrous chang-
es in the palmar fascia, a layer of connective tissue that
covers the tendons on the palm side of the hand. These
changes lead to shortening and tightening of the fascia,
which in turn limits the mobility of the fingers. Accord-
ing to an epidemiological study by N. Salari et al. [1],
the prevalence of Dupuytrens contracture in European
countries is approximately 10%. In the initial stage of the

Suggest Citation:

disease, patients complain of nodule-like formations on
the palmar surface of the hand. Such nodules are not
painful and do not limit the mobility of the limb. Howev-
er, the disease gradually progresses, and the nodules turn
into fibrous bands, which causes a flexion contracture.
Most often, contractures are formed on the fourth or fifth
finger, but there are also cases of multiple contractures.
Although pain in patients with this pathology is not com-
mon, the contracture significantly impairs their quality of
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life, as it limits their ability to perform daily activities, in-
cluding self-care and work capacity [2].

The aetiology of the disease is not known for certain.
H. Ruettermann et al. [3] in a literature review conclude
that about 80% of cases of Dupuytrens contracture are
associated with a genetic predisposition. Other risk fac-
tors include diabetes mellitus, liver disease, and epilepsy.
According to a study by J.N. Aleksandar et al. [4], among
patients with diabetes mellitus, the risk is increased by fac-
tors such as age, duration of the disease, poor blood glucose
control and hypokalaemia. L. Murinova et al. [5] note that
Dupuytrens contracture can be an occupational disease if
it develops after prolonged work with vibrating tools. Al-
cohol consumption is also a significant risk factor for the
development of pathology, unlike smoking [6, 7].

The treatment of Dupuytren’s contracture is com-
plex. It is difficult to slow down the development of the
pathology even with timely diagnosis. According to the
R. Sanjuan-Cervero [8], physiotherapy is not effective,
but radiotherapy and corticosteroid injection therapy
can slow the formation of the contracture, reduce patient
discomfort, and reduce the likelihood of future surgical
treatment. However, further research is needed to prove
the effectiveness of these methods. According to the Brit-
ish Medical Journal guidelines, updated in 2023, patients
with one or more Dupuytren’s nodules are recommend-
ed to be actively monitored with the recommended fre-
quency of visits to the doctor every 6 months. A more
active approach to treatment is indicated for patients with
Dupuytrens contracture who have a functional impair-
ment [9]. Minimally invasive treatments (injections of
Clostridium histolyticum collagenase, needle aponeurot-
omy, or percutaneous fasciotomy) are recommended for
patients with a range of motion of up to 30°. In patients
with more severe extension disorders, open fasciectomy
may also be used.

According to H. Ruettermann et al. [3], limited open
fasciectomy is the “gold standard” for the treatment of
Dupuytren’s contracture, as it allows for restoring hand
function in the vast majority of cases. After limited fasci-
ectomy, the incidence of contracture recurrence is lower
than after needle aponeurotomy or percutaneous fascioto-
my. The disadvantage of this method is high tissue trauma
during the operation, which leads to a long period of dis-
ability and requires rehabilitation. Injectable therapy with
Clostridium histolyticum collagenase preparations is much
less traumatic, so patients recover faster after this treat-
ment and do not require long-term rehabilitation. Howev-
er, the effectiveness of this treatment compared to invasive
methods requires further study [8].

Thus, Dupuytren’s disease significantly worsens the
quality of life of patients and causes economic losses for
the state, and etiological treatment and prevention are im-
possible due to the multifactorial nature of the pathology.
Standard surgical methods of treatment have significant
drawbacks, but for the routine use of minimally inva-
sive treatment, it is necessary to investigate whether it is

effective in comparison with traditional invasive meth-
ods. The study was aimed at comparing the treatment of
Dupuytrens contracture with Clostridium histolyticum
collagenase preparations and open fasciectomy.

Materials and Methods

The study was conducted at the Department of Plastic, Re-
constructive and Aesthetic Surgery of the Louis Pasteur
University Hospital, which is part of the Faculty of Medi-
cine of Pavol Jozef Saférik University, Kosice, Slovakia. The
study period was from January 2021 to May 2023.

The study included 40 patients, of whom 23 (57.5%)
were men and 17 (42.5%) were women. The age of the pa-
tients was 56 (46.5; 69) years. The main group included 15
patients (9 (60%) men and 6 (40%) women), their age was
53.5 (44; 69.5) years. In 8 (53.3%) patients, the extension
limitation did not exceed 50°, which characterised a rel-
atively early stage of Dupuytrens contracture, and in the
remaining 7 (46.7%) patients, the limitation was more pro-
nounced and exceeded 50°.

Patients in the main group received injectable treat-
ment with enzyme preparations isolated from the bacte-
rium Clostridium histolyticum. Clostridium histolyticum
collagenase contains two classes of enzymes: AUX-I and
AUX-II. Collagenase class I (AUX-I) cleaves the end frag-
ments of the collagen chain, respectively, and collagenase
class I (AUX-II) cleaves the inner segment of this chain. In
all cases, the drug was injected into the most proximal part
of the fibrous cord. It was extremely important to prevent
skin contact with the drug, as this could lead to damage to
the skin. In the case when two joints (metacarpophalangeal
and proximal interphalangeal) were involved in the patho-
logical process on one finger, the drug was initially inject-
ed only into the metacarpophalangeal joint. This approach
made it possible to achieve extension of the affected finger
in both joints at once, while reducing trauma to the hand
tissues, which, although minimal, still occurs even with a
sparing approach to treatment.

The inclusion criteria were as follows: the presence of
Dupuytren’s contracture of the second degree or higher,
which was assessed as restriction in the extension of the
metacarpophalangeal and/or proximal interphalangeal
joints of at least one finger of the upper limb (excluding the
thumb), with patients having restriction in the extension of
at least one finger, while the presence of Dupuytren’s nod-
ules alone was not a reason for inclusion in the study; age
over 18 years; consent to participate in the study.

The study excluded patients with severe Dupuytren’s
contracture (extension limitation of more than 135°), as
well as patients with concomitant musculoskeletal pathol-
ogy, including osteoarthritis, gout, rheumatoid or gouty
arthritis, ankylosing spondylitis, neuromuscular pathol-
ogy of the hand; pregnant women; bleeding patients
and those who are constantly taking anticoagulants. The
study also did not include patients with previous surgical
interventions on the affected hand, whether as a result
of Dupuytren’s contracture treatment or for any other
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reason, as well as those who had already received treat-
ment with Clostridium histolyticum collagenase. Patients
with diabetes mellitus were also excluded from the study,
as differential diagnosis of Dupuytren’s contracture and
diabetic hyperpathia may be difficult in some cases. In-
stead, a history of trauma to the affected hand or a hered-
itary factor was not considered a criterion for excluding
patients from the study.

The choice of treatment method (surgical or injec-
tion) for each patient was determined by the doctor based
on the recommendations of the British Medical Journal,
as well as considering the individual characteristics of the
patient [9]. Factors such as the presence of contraindi-
cations to surgery (severe somatic pathology, drug aller-
gies), age, and the patient’s preference for treatment were
considered. Patients decided on the treatment method af-
ter receiving detailed information about the benefits and
risks of each method.

Before use, the Clostridium histolyticum collagenase
preparation in the amount of 0.58 mg was diluted in 0.25
or 0.2 mL of saline (respectively, for metacarpophalangeal
and proximal interphalangeal joints), after which it was
injected into the affected joint. The drug remained at the
injection site for 24 hours, after which, using local anaes-
thetics, the patient was allowed to extend the finger, which
was accompanied by the destruction of the contracture.
The injection therapy with Clostridium histolyticum colla-
genase preparations, followed by breaking the contracture
and releasing one or more fingers, was performed in the
manipulation room or directly in the doctor’s office. The
surgical intervention involved open fasciectomy and was
performed in the operating room.

After treatment, all patients were followed up for
12 months. Initially, monitoring of the patient’s clinical
condition immediately after the intervention took place
daily and for patients who received injection therapy last-
ed several days, as the treatment was outpatient, while for
those patients who received surgical treatment - from a
week, as these patients were hospitalised. During the fol-
low-up, the following methods were used to assess the pa-
tient’s condition: collection of complaints and anamnesis
data (including information on the duration of disability),
assessment of the patient’s objective status, including local
status, and measurement of the degree of restriction in fin-
ger extension.

Data were collected, tabulated using MS excel and lat-
er presented as percentages and proportions. The design of
this study was approved by the University Biomedical Eth-
ics Committee and agreed with the legal department and
medical law specialists. The study complied with the basic
bioethical standards, such as the principle of autonomy of
research participants, the absence of harm to them, the ex-
istence of research benefits for society that outweigh the
possible risks to patients participating in the study, as well
as the principle of justice and non-discrimination [10]. All
patients agreed to the processing of personal data and gave
voluntary informed consent to participate in the study.

Results

The technique of injecting Clostridium histolyticum colla-
genase into the affected tendon cord includes three stages
and is shown in detail in Figures 1-3. The doctor perform-
ing the intervention makes only one puncture of the skin
and then directs the drug in different directions, changing
the angle of the needle.

Figure 1. Injection of Clostridium histolyticum
collagenase into the fibrotic ligament,
the beginning of the intervention
Source: photographed by the author

F s

Figure 2. Injection of Clostridium histolyticum
collagenase into the fibrotic ligament,
a continuation of intervention
Source: photographed by the author

Figure 3. Injection of Clostridium histolyticum
collagenase into the fibrotic ligament,
end of the intervention
Source: photographed by the author
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As mentioned earlier, the procedure for breaking the
Dupuytrens contracture was performed the day after the
injection using local anaesthesia. The technique of local
anaesthesia and the positive results of the treatment of
Dupuytrenss contractures of four fingers are shown in Fig-
ures 4 and 5.

Figure 4. Use of local anaesthesia the day
after the injection of Clostridium histolyticum collagenase
Source: photographed by the author

Figure 5. Palm surface of the hand after treatment of
Dupuytren’s contracture of the index,
middle, ring fingers and little finger
with collagenase of Clostridium histolyticum
Source: photographed by the author

In 11 (73.3%) patients of the main group, the first
and only injection of Clostridium histolyticum collagenase
demonstrated its effectiveness, which allowed to break the
fibrous cord and achieve freedom of movement in the af-
fected finger or several fingers. However, for 4 (26.7%) pa-
tients, the initial application of Clostridium histolyticum col-
lagenase was ineffective and did not allow for the complete
release of one or more fingers. All patients who failed the
first treatment attempt were offered a second intervention
at intervals of at least 4 weeks, to which all patients agreed.

Repeated intervention was performed using an iden-
tical methodology and was effective in 3 out of 4 patients
who did not achieve the desired treatment result during
the initial intervention. The patient whose contracture
rupture was not possible after the second injection was of-
fered a third session of injection therapy. He agreed that the

treatment was performed 4 weeks later and was successful:
the patient fully regained freedom of movement in the affect-
ed joint. In the early postoperative period, patients quickly
regained the ability to use the limb undergoing the interven-
tion. The pain in the projection of the ruptured contracture,
although disturbing, was well relieved by taking non-steroi-
dal anti-inflammatory drugs. Within one to two days after
rupture of the fibrous cord, the pain decreased to the extent
that it did not require painkillers. In 6 (40%) patients, oede-
ma of the hand undergoing the intervention was observed.
The swelling was mild and disappeared in a few days.

Patients regained the functionality of their upper limbs
almost immediately after contracture correction. They did
not need rehabilitation measures or long-term medical su-
pervision. The patients’ work capacity was preserved, so
they could resume their jobs after treatment. The course
of the postoperative period after the second and third in-
jection therapy sessions did not differ from that after the
first session. After the second and third injections, the pain
was moderate in all cases and resolved after taking non-ste-
roidal anti-inflammatory drugs. Swelling of the hand was
observed in 1 patient after the second injection of Clostrid-
ium histolyticum collagenase preparations. The control
group included 25 patients (including 14 (56%) men and
11 (44%) women), the age of the study participants in this
group was 57 (48; 73.5) years). Patients in the control group
underwent surgical treatment by limited open fasciectomy.

Limited fasciectomy was performed using regional
anaesthesia, including brachial plexus block. To access the
contracture, zigzag incisions were made along the natural
palmar and finger folds. This approach provided adequate
access to the aponeurosis while preventing unnecessary tis-
sue trauma. The limited fasciectomy involved the removal
of only those tissues that were macroscopically assessed
as pathological during the operation, in contrast to open
dermofasciectomy, when the entire palmar aponeurosis
is removed regardless of the degree of damage. After the
surgery, the wound remained open without the use of skin
grafts for closure. This approach reduced postoperative
pain and improved early recovery of hand function. Dur-
ing the operation, complications such as nerve and vascular
damage are possible, although extremely rare (1-2%). In-
traoperative complications are associated with the forma-
tion of compacted bands at the site of fascial bundles. Some
tapes can distort neurovascular structures, creating a risk of
damage during surgical procedures.

Early postoperative complications, which occur more
frequently (up to 20% of cases), are haematoma formation
and wound infection [3]. The patients who participated
in this study did not have any complications both during
surgery and during the rehabilitation period. The absence
of complications was facilitated by careful observance of
septic and antiseptic rules during surgery, careful planning
of the course of operations and development of their tech-
niques, prophylactic use of antibiotics perioperatively and
careful monitoring of the wound with regular treatment
with antiseptic and healing agents. However, despite the
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absence of complications, all patients in the control group
experienced pain in the operated hand, swelling and inabil-
ity to use the upper limb in the early postoperative period.
Discomfort symptoms decreased after taking non-steroidal
anti-inflammatory drugs, elevating the limb, and applying
cold to it, but the effectiveness of these drugs was tempo-
rary and did not affect functional impairment. The need
for painkillers in patients of the control group persisted for
about a week. The operated limb was fixed in a functional
position in the early postoperative period, which ensured
45-70° flexion in the metacarpophalangeal joints and ex-
tension in the proximal and distal interphalangeal joints.
The duration of the hand immobilisation period in patients
of the control group was 6 (4.5; 10) days.

In the first few days after surgery, patients were re-
ferred for a consultation with a physiotherapist to develop
an individual rehabilitation plan. Early start of rehabil-
itation is extremely important, as it allows for the fastest
possible restoration of the function of the operated limb,
preservation of the range of motion achieved during the
operation, and prevention of stiffness. At the same time, the
load should be gentle, as excessive exercise can slow down
tissue regeneration and healing. Patients are also advised to
temporarily limit driving and to keep the arm elevated even
at rest. All patients who participated in the study were sub-
sequently followed up. Patients in the main group did not
have any visual damage to the skin after the puncture sites
healed, and no pain or swelling was observed. During the
survey, it was found that the quality of life after treatment
improved in all 15 (100%) patients of the main group. Since
the patients’ preferences were considered when choosing a
treatment method, they were asked during the follow-up
examination whether they regretted their choice. All 15
(100%) patients were satisfied with their choice. 9 (60%)
patients would recommend this method to their relatives if
necessary, and 6 (40%) patients were undecided at the time
of the examination. During the entire observation period,
no relapses were recorded in the main group.

After treatment with Clostridium histolyticum colla-
genase preparations, there is a risk of developing several
serious complications. First of all, it is a tendon rupture
that requires repeated surgical intervention for reconstruc-
tion. No tendon ruptures were observed in the patients of
this study. The risk of bleeding during this intervention is
minimal, provided that the patient has no haematological
pathology and does not take anticoagulants. On the contra-
ry, antiplatelet medication is safe and does not increase the
risks of the procedure. The second, but no less important, is
algodystrophy, which is also known as Zudeck’s syndrome,
complex regional pain syndrome type I or reflex sympa-
thetic dystrophy. Patients with algodystrophy suffer from
pain, hypersensitivity of the hand skin to any stimuli, pale
skin or its hyperaemia, dryness and itching, swelling, and
muscle weakness.

During the examination in the dynamics, 12 (80%)
patients in the main group complained of dry skin in the
area of the palm where the puncture was performed, while

5 (33.3%) patients had minor skin discolouration and itch-
ing. However, these symptoms decreased over time and
were well-corrected with the use of skincare products.
Thus, there were minor trophic disorders, and such a seri-
ous complication as ZudecK’s syndrome was absent in these
patients during the observation period. In 17 (68%) patients
of the control group, there were complaints of periodic dis-
comfort in the intervention area. Swelling of the operated
hand was observed in 11 (44%) patients and itching in the
postoperative wound area in 24 (96%) patients. 21 patients
reported complaints of stiffness in their movements after
stopping rehabilitation activities or improper exercise. Dur-
ing the survey, all 25 (100%) patients in the control group
had improved quality of life. However, only 8 (32%) were
ready to recommend limited fasciectomy to their relatives
in case of need, 12 (48%) patients were undecided, and 5
(20%) said they would not recommend this intervention to
anyone. When asked about satisfaction with the choice of
treatment method, 11 (44%) patients were dissatisfied. Dis-
ability in patients of the control group was 16 (12; 24.5) days.

When the postoperative wounds had healed, patients
in the control group were concerned about the formation
of postoperative scars, associated cosmetic defects and a
feeling of tightness in the skin. However, in all cases, the
functional effect achieved by the treatment was main-
tained. Thus, the recovery of patients after treatment with
Clostridium histolyticum collagenase preparations was rel-
atively rapid, and no serious complications were recorded.
In contrast, recovery after surgical treatment was more dif-
ficult and lengthier.

Discussion
Over the past 10 years, a significant amount of data has been
collected on various treatments for Dupuytren’s contracture.
Several literature reviews with meta-analyses were con-
ducted to systematise this information. All of these reviews
confirm the effectiveness of treatment with Clostridium
histolyticum collagenase preparations compared to placebo.
In particular, M. Brazzelli et al. [11] conducted a me-
ta-analysis of the results of five randomised clinical trials
involving 493 patients. After treatment with Clostridium
histolyticum collagenase preparations, the extension lim-
itations caused by contracture were significantly reduced
compared to the placebo group. It is clear that the number
of side effects from the use of active drugs was higher than
in the placebo group, but most of these symptoms were not
serious. Out of 493 patients, only 4 (0.8%) experienced se-
rious complications of the procedure: three cases of tendon
rupture and one case of complex regional pain syndrome.
This study did not directly compare Clostridium histolyti-
cum collagenase preparations with placebo. However, the
absence of serious complications confirms the meta-anal-
ysis data, which indicates that such complications are ex-
tremely rare and account for less than 1%. The clinical ef-
ficacy of injectable therapy with Clostridium histolyticum
collagenase preparations is also confirmed by other system-
atic reviews of the literature with meta-analyses [12, 13].
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E. Soreide et al. [14] analysed 20 clinical trials involving
a total of 1584 patients to compare the effectiveness of three
treatments for Dupuytren’s contracture: percutaneous nee-
dle aponeurotomy, limited fasciectomy, and injection thera-
py with Clostridium histolyticum collagenase. The research-
ers concluded that injection therapy was better tolerated by
patients compared to surgical treatments. However, it was
found that patients treated with Clostridium histolyticum
collagenase products had a significantly higher recurrence
of Dupuytren’s contracture compared to those who under-
went percutaneous needle aponeurotomy. The authors also
noted a higher incidence of adverse events after injection
therapy compared to percutaneous needle aponeurotomy,
although the incidence of adverse events compared to open
fasciectomy was not investigated. The effectiveness in re-
storing the functional capabilities of the hand was approx-
imately the same for all methods. Similar findings were
obtained in a more recent meta-analysis by D. Obed et
al. [15]. They also indicated a higher incidence of compli-
cations after the use of Clostridium histolyticum collagenase
preparations compared to percutaneous needle aponeurot-
omy, although they did not investigate this in comparison
with open fasciectomy. Among the side effects of treatment,
local pain and swelling at the site of intervention were most
often noted. Such symptoms were also noted in the study
under review, but they did not pose a serious problem
for patients, as they were short-lived and mild, especial-
ly in comparison with open fasciectomy, which is much
more traumatic than percutaneous needle aponeurotomy.

Only two meta-analyses directly compared open fasci-
ectomy and injection therapy with Clostridium histolyticum
collagenase preparations. T.B. Cooper et al. [16] analysed
17 scientific publications that included 2142 joints in 1784
patients. The researchers concluded that both methods are
equally effective. However, surgical treatment is accom-
panied by a significantly higher risk of complications, al-
though it is associated with a lower likelihood of contrac-
ture recurrence.

R. Liechti et al. [17] analysing the results of 11 studies
involving 1051 patients, also noted a higher likelihood of re-
currence of Dupuytren’s contracture after injection therapy
compared to open fasciectomy. According to their results,
the use of Clostridium histolyticum collagenase preparations
increase the likelihood of contracture recurrence by 5 times
compared to invasive intervention. Despite this, the data
of R. Liechti et al. [17] indicate that the clinical efficacy of
open fasciectomy is superior to injection therapy, although
the data of the current study do not support this opinion.

A high relapse rate after injection therapy has been
found in other studies. According to the results of the me-
ta-analysis A.B. Sandler et al. [12], the probability of recur-
rence of Dupuytren’s contracture within the next two years
after injection therapy is about 23%. M. Brazzelli et al. [11]
note that eight years after the use of Clostridium histolyt-
icum collagenase preparations, recurrence is observed in
100% of cases. According to S. Nann et al. [18], the highest
probability of contracture recurrence is observed between

2 and 5 years after the intervention. In this study, it was not
possible to assess the recurrence rate due to the short fol-
low-up period. However, the information on complications
is consistent with the observations obtained in this study.

In terms of financial costs, therapy with Clostridium
histolyticum collagenase preparations is more cost-effec-
tive than open fasciectomy, as highlighted by the findings
of A.V. Fitzpatrick et al. [19]. The researchers acknowledge
that in the case of severe contracture with severe func-
tional impairment, invasive intervention is still a rational
choice rather than injection therapy. On the other hand,
M. Brazzelli et al. [11] believe that for patients with moder-
ate functional impairment, injection therapy with Clostrid-
ium histolyticum collagenase preparations is both clinically
and economically feasible.

A meta-analysis conducted by C.R. Wong et al. [20]
investigated the treatment of recurrent Dupuytrens con-
tracture. The researchers analysed 12 studies involving 311
patients who had undergone various treatments, such as
percutaneous needle aponeurotomy, injections of Clostrid-
ium histolyticum collagenase drugs, fasciotomy or fasciec-
tomy, and suffered from recurrent contracture formation.
The study showed that none of these approaches is effective
enough to treat recurrent Dupuytrens contracture. There-
fore, given that none of the existing methods are ideal for
preventing recurrence, it is important to find a treatment
that minimises the likelihood of contracture recurrence.
Currently, open fasciectomy is considered the most effective
in preventing recurrence, but it has its drawbacks. Therefore,
stratifying patients according to the risk of Dupuytren’s con-
tracture recurrence is a logical approach. Patients with a low
risk of recurrence may be offered injection therapy, while pa-
tients with a high risk should be recommended for surgery.

The causes and risk factors for recurrence in patients
with Dupuytren’s contracture are not yet well understood.
In 2018, an article by S. Hindocha [21] described the di-
athesis of Dupuytren’s disease. Scientists have identified
several phenotypic features that are associated with a more
severe course of the disease, its faster development, and a
higher likelihood of relapse after treatment. Among these
features were a burdened family history, bilateral lesions,
ectopic manifestations of Dupuytren’s contracture, onset
of pathology at the age of less than 50 years, and male gen-
der. L. Geoghegan et al. [22] conducted a large meta-anal-
ysis that analysed 51 studies with a total of 54 491 patients.
They confirmed that these phenotypic features are indeed
associated with an increased risk of disease recurrence, al-
though they do not affect the severity of the disease. Cli-
nicians should consider these risk factors when providing
patients with recommendations for the treatment of Du-
puytren’s contracture.

Conclusions

The study found that the treatment of Dupuytren’s contrac-
ture with Clostridium histolyticum collagenase preparations
is no less effective than open fasciectomy. The study demon-
strated that even in cases where it is not possible to break the
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fibrous cord after the first injection, the probability of clin-
ically successful treatment with the second and third injec-
tions is high. According to the study, recovery after the use of
Clostridium histolyticum collagenase preparations is much
faster than after open fasciectomy. Patients do not need re-
habilitation and do not lose their ability to work, which is
especially important for young and middle-aged patients.
In terms of cost-effectiveness, injection treatment is also
superior to surgery, except in cases of severe Dupuytren’s
contracture, which was not the subject of this study. The
study showed that after injection therapy, patients are sig-
nificantly more satisfied than those who underwent surgery.

Since injection therapy involves a certain amount of
tissue trauma caused by the rupture of the fibrous cord,
pain and swelling of the hand are inevitable. However,
the study confirmed that the duration of these symptoms
is limited to a few days, and their severity is much less
compared to pain and swelling after a full-fledged surgical
intervention, such as open fasciectomy. According to the
study, prolonged wound healing and cosmetic defects that
occur after open fasciectomy are significant disadvantages

of surgical treatment. A significant disadvantage of injec-
tion therapy is the higher recurrence rate of Dupuytren’s
contracture compared to open fasciectomy surgery. The
highest risk of contracture recurrence is between two and
five years after treatment. These data somewhat limit the
possibilities of widespread use of Clostridium histolyticum
collagenase preparations.

A promising area for further research is the identi-
fication of risk factors for the recurrence of Dupuytren’s
contracture. Preliminary data indicate that patients with-
out a family history of contractures, with the onset of the
disease in old age and with unilateral lesions have a low-
er risk of recurrence. In addition, it is necessary to find
methods to prevent recurrence of Dupuytren’s contrac-
ture after treatment.
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KoHTpakTypa AlonoiTpeHaq,
LLLO AiKyeTbCs KoAadreHasolo Clostridium histolyticum

Maprina BigoBa Yryp6amr
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AHoOTALiA. JIikyBaHHS KOHTPaKTypH [J0MmoiTpeHa MOKpaIlye SIKICTb )KIUTTS NALi€HTIB, ale CTaHAapTHA BigkpuTa dac-
LlieKTOMifl € TpaBMaTMYHOIO i BuMarae TpuBajol peabimitanii. MeTor HOCTiIKeHHS OylI0 BU3HAYUTU ePeKTUBHICTD
iH eKIiiTHOrO MiKyBaHHA IIperapaTaMy KOJareHasy IOPiBHAHO 3 BiIIKPUTOIO (l)acuieKTOMiEIo. O6cTexeHo COPOK Halji€H-
tiB. 3 Hux 15 yikyBanu npenaparamu konareHasu Clostridium histolyticum (ocHOBHa rpyma), a 25 migamucsa o6MexeHin
¢acniexromii (koHTpObHA Ipyma). Y 11 (73,3 %) XBOpUX OCHOBHOI I'PYIIM BiTHOBJIEHHS PyX/IMBOCTI ypaXKeHUX CYITI00iB
TOCATHYTO Iic/IsA mepinoi in’ekuil, y 3 (20 %) - micns gpyroiis 1 (6,7 %) — micna TpeTboi in’exuii. [Tanientn ocHoBHOI
TPYIIV 3a/IMIIA/INCA TpaLie3JaTHYIMU IIic/iA TIiKyBaHHA i He moTpeOyBay peabinitanii; Ha JeHb BTpy4aHHA QYHKIIiA BepX-
HbOI KiHI[iBKY NOBHICTIO BiHOBMIacA. CyxXicTb WIKipy B MicClLli BTPy4aHHA 3a Iepiof ciocTepexkeHHs TypOysana 12 (80
%) maLieHTiB OCHOBHOI IPyIIN, CBepODXK Ta 3MiHa KO/IbOPY IIKipy B Miclii BTpy4yanHa — 5 (33,3 %). Y 25 (100 %) xBopux
KOHTPOJIbHOI I'PYIIM IIOBHICTIO BifHOBWIACA PYX/IMBIiCTb CYI7I06iB. MOXKIMBICTD KOPUCTYBATICA PYKOIO MIC/IA omepanii y
Ialli€HTiB KOHTPOJIBHOI Ipymu Oyna oOMexxeHa IpoTAroM 6 (4,5; 10) gHiB. Yci maljieHTH KOHTPOIBHOIL IPyIIN TOTpebyBa-
7 peabimiTanii AyIs 3HATTSA CKYTOCTI Ta BilHOB/ICHHA (PYHKIIOHAIBHUX MOXUIMBOCTeN KUCTi. TepMiH HenpalesfgaTHOCTI
y ux nanieHTis Tpusas 16 (12; 24,5) 1i6. 11 (44 %) mauieHTiB Hif Yac ciocTepeXkeHHA CKapXWIUCcsA Ha 6i1b abo puc-
koMGOpT y BiAHLI BTpy4aHHs, 24 (96 %) nanieHTiB TypOyBaB cBepOiK. 3a0BOIEHICTb BUOOPOM METONY JTiKYBaHHA B
OCHOBHIJI Ipy1i 6y1a 6i/1bII00, HIXK Y KOHTPO/IbHilL. PenyuBiB 3a mepioy cioctepeskeHHs B 060X rpymax He 6yyo. Takum
4IHOM, e()eKTVBHICTD Ipenaparis Konarenasu Clostridium histolyticum nopiBHAHHA 3 pe3y/IbTaTaMU XipypriuHoro iky-
BaHH:A. MajioiHBa3)BHe JIiKyBaHH: ONTVMA/ILHO /L NALi€HTIB 3 JIETKUM IIepe6iroM 3aXBOPIOBAHHA, a TAKOX /LA TUX, Y
KOTO HM3BKUIT PUSYK PeLVANBY KOHTPAKTypu. Pe3ybTaTi IIbOro JOCTIIKEHHA MOXKYTb Oy TI KOPUCHYMM Xipypram Ipu
BMOOPI ONTYMAIBHOTO METONY JTIKYBaHHA KOHTPakTypu JiomoiTpeHa

KAto4voBi cAoBa: ononHmit hibpomaros; ManoiHBasUBHe BTPYYaHHsL; XY pris KUCTi; BinkpuTa dacuiekToMiss; KiiHivHe
MOCTIIKEHHS; Be[JeHH MMalliEHTiB
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Abstract. The relevance of detailed analysis of the available scientific research on the effects of cannabidiol on the human
body is determined by the growing popularity of the non-psychoactive substance in cannabis products as a medicine. The
research aimed to collect and systematise information about the positive and negative effects of cannabidiol, as well as the
possibilities of its use in medicine. An analysis of 3375 scientific articles, publications and reports was conducted, of which
68 were selected that best met the terms of the request. The collected data was summarised and presented in a structured
format. The results of the review indicate the remarkable pharmacological potential of cannabidiol, which can be used as
a promising therapeutic agent in various medical fields. In the studies reviewed, cannabidiol showed anticonvulsant and
antiepileptic effects, as well as a positive impact on drug substitution programmes. However, the possibility of negative
reactions and potentially harmful effects of cannabidiol was also noted: it can lead to the development of psychological
and physical dependence; increases the risk of physiological disorders, including the impact on spermatogenesis and dis-
ruption of the female microflora; affects behaviour and leads to developmental abnormalities. The effects of cannabidiol
on the human body are still not well understood, and its distribution in the absence of sufficient legal regulation may pose
a risk to the health and safety of consumers. Understanding all aspects of cannabidiol use will ensure proper management
of its use and development of the relevant legislative framework, as well as facilitate further research and development of
new drugs based on this plant extract

Keywords: cannabis; toxicology; law; epilepsy; chronic pain; generalised anxiety disorder

Introduction

Cannabidiol, as one of the active cannabinoids in cannabis
plants, is finding more and more applications in medicine,
but its potential benefits and impact on various aspects of
human functioning remain a subject of debate in scientific
circles. Data on cannabinol is contradictory, and its legali-
ty and safety are being questioned globally. Understanding
the potential risks, side effects and interactions with other
medicines is critical to ensuring the safety and efficacy of
cannabidiol in clinical practice.

Many studies have already been conducted on the
effects of cannabidiol on the human body. Since 2018,
Ukrainian scientists have been actively working on this
issue and have reached certain conclusions. For example,

Suggest Citation:

G.V. Zaychenko & P.V. Simonov [1] investigated the pos-
itive properties of cannabinoids associated with the acti-
vation of CB2 receptors. Activation of CB2 receptors had
a cardioprotective effect, reduced cerebral ischaemia, sup-
pressed inflammation, oxidative-nitrosative stress and cell
death, slowed the progression of atherosclerosis and had a
nephroprotective effect. By contrast, activation of CB1 re-
ceptors in vascular and cardiac tissues contributed to the
development of cardiovascular disease through oxidative
and nitrosative stress and protein kinase activation. B. Hinz
& R. Ramer [2] also demonstrated the probable carcinogen-
ic properties of cannabinoids, which showed carcinogen-
ic effects both when used alone and in combination with
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other anticancer drugs. The authors noted that this area
required further study. O. Sulaieva et al. [3] also found that
CB2 receptors may be involved in the malignant transfor-
mation and progression of non-small cell lung cancer (NS-
CLC). However, some issues remained unexplored. For ex-
ample, data on the effects of cannabidiol on the nervous
system and its potential role in the treatment of mental
and neurological diseases are limited.

Regarding the market of cannabinoids, and cannabid-
iol in particular, in Ukraine, scientists N. Aliekperova et al.
have written [4]. Their study noted serious prospects for
the development of the cannabidiol market in Ukraine. The
authors pointed out that interest in cannabidiol products
was growing, and this could create new opportunities for
the development of the medical and pharmaceutical indus-
tries. According to the researchers, the Ukrainian market
had significant potential for the production and consump-
tion of cannabidiol-based products, including oils, creams,
and other medicines. The authors also stressed that the de-
velopment of the cannabidiol market could have a positive
impact on the country’s economy, providing new jobs, at-
tracting investment, and stimulating the development of in-
dustries related to the production of cannabidiol products.

N. Aliekperova et al. [5] also studied the attitudes of
Ukrainian pharmacists towards the legalisation of medi-
cal cannabis and cannabidiol-based products. The study
showed that only half of the professionals supported the
legalisation of these products. Other participants in the
experiment expressed some doubts and reservations relat-
ed to the safety, dosage, and quality of cannabidiol prod-
ucts. The safety of this plant extract has already been the
subject of debate, and in some cases, its effectiveness has
been questioned [6]. This indicated the need for further
research to determine the efficacy and safety of cannabidi-
ol in medicine. The purpose of this study was to review the
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pharmacological profile of cannabidiol and its effects on
various body systems, as well as to consider possible mech-
anisms of action of this compound, especially in the con-
text of the treatment of mental and neurological diseases.

In this study, a literature review of relevant scientific
sources and publications was conducted through a system-
atic analysis of scientific sources to identify trends, develop
key findings, and formulate scientific recommendations.
Scientific databases such as PubMed, Google Scholar, Scop-
us, and Cochrane Database of Systematic Reviews were
used to collect relevant scientific publications. The search
for scientific sources was conducted using keywords relat-

» «

ed to the research topic, such as “cannabidiol”, “cannabidiol

» «

toxicity”, “cannabidiol treatment”, “cannabidiol side effects”,

» <« » <«

“cannabidiol pharmacy’, “cannabidiol prevalence”, “canna-
bidiol harm’, “cannabidiol therapeutic properties’, “canna-
bidiol marketing”, “cannabidiol legal status”

The selected scientific sources were read in detail, crit-
ically comprehended, and analysed to collect information
related to the research topic, and the quality of the sources
was assessed, including verification of the authors’ credibil-
ity, research methodology and availability of substantiated
evidence. Key aspects, conclusions and recommendations
related to the topic were identified. Data from scientific
sources were organised and summarised for further anal-
ysis. Information from the sources obtained was systema-
tised, summarised, and presented in the literature review.

Analysis of Chemical,

Pharmacodynamic and Pharmacokinetic
Features and Properties of Cannabidiol

Active research on cannabidiol began in 2016. The main
topics investigated included cannabidiol’s properties, its
interaction with various drugs, pharmacological profile,
health effects, etc (Fig. 1).

® Pharmacology

= Neurosciences

= Clinical Neurology

= Psychiatry
Biochemistry Molecular Biology
Chemistry Analytical

® Chemistry Multidisciplinary

® Chemistry Medical

= Behavioral Sciences

m Toxicology

Figure 1. Visualisation of research areas on the effects of cannabidiol

Source: compiled by the author based on [7]

The results showed that cannabidiol was a complex
research object that was studied concerning various as-
pects of health and disease. However, it was evident that
the harmful effects and toxicity of cannabidiol were not

sufficiently studied (only 3.21%), and therefore further
research was needed [7].

The cannabis plant, “marijuana’, or “cannabis’ has
been used for many years as a medicine to relieve pain and
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seizures. Cannabis contains approximately 540 naturally
occurring compounds, including more than 100 that have
been identified as phytocannabinoids due to their com-
mon chemical structure [3]. The predominant psycho-
tropic component is A9-tetrahydrocannabinol (A9-THC),
while the main non-psychoactive ingredient is cannabidiol
(CBD). These compounds are partial agonists or antago-
nists of the prototypical cannabinoid receptors, CB1 and
CB2. A9-THC and CBD can act as analgesics, antiemetics,
anti-inflammatory agents, anticonvulsants, and as protec-
tive agents against neurodegeneration. However, there has
been a lack of well-controlled, randomised clinical trials to

a

provide evidence of the effectiveness of A9-THC or CBD
as therapeutic agents, as well as to fully understand their
effects on the human body. The legalisation of cannabis
for medicinal and recreational use in some regions would
allow for the necessary research on its pharmacokinetics
and pharmacology [8]. Particular attention has been paid
to the non-psychoactive substance in cannabis products -
CBD. CBD was first isolated from cannabis extracts by
R. Adams et al. in 1940 [9]. Cannabidiol is a cyclohexene
substituted with a methyl group at position 1, a 2.6-dihy-
droxy-4-pentylphenyl group at position 3, and a prop-1-
en-2-yl group at position 4 (Fig. 2).

Figure 2. Molecular structure of cannabidiol

Notes: a - structural model; b - 3D model of a structure
Source: [10]

At room temperature, cannabidiol is a colourless crys-
talline solid [11]. In the industry, cannabidiol can be pro-
duced in dry form, oil, capsules, and supplements. M. Pre-
moli et al. [12] report that cannabidiol has a low ability to
bind to the CB1 and CB2 cannabinoid receptors, although
it acts as an agonist/antagonist of these receptors. The main
effect of CB1 and CB2 receptor antagonism is to reduce
the binding capacity of tetrahydrocannabinol (THC) and
its related isomers [13]. T. Bosquez-Berger et al. [14] also
studied its ability to exhibit partially antagonistic proper-
ties to serotonin receptors. Cannabidiol is also an allosteric
opioid receptor modulator. The pharmacological effects of
CBD may include peroxisome proliferator-activated recep-
tor (PPARY) agonism, inhibition of voltage-dependent cat-
ion channels, and intracellular calcium release [15].

L.J. Martin et al. found [16] that cannabidiol has a
multifaceted pharmacology due to its ability to bind to
cholesterol on the cell membrane. The oral bioavailability
of cannabidiol in humans is approximately 6%, while its
inhalation bioavailability ranges from 11 to 45% (average
31%) [17]. The half-life of CBD is 18-32 hours [18]. Studies
conducted by G. della Rocca et al. [19] showed that when
CBD was taken in capsule form, the peak concentration
(Cmax) was reached 4-5 hours after ingestion. But if CBD
was consumed in the form of oil, the Cmax was reached
much faster — in 1-2 hours. At the same time, the use of
oil provided a higher bioavailability of CBD compared
to capsules. Cannabidiol was absorbed more rapidly by
inhalation than by ingestion (maximum concentration -
Tmax - was 5 minutes, respectively) [20]. Plasma CBD
concentrations showed a nonlinear increase with dose and

6.5% bioavailability at a dose of 3000 mg. The absorption
of CBD increased threefold with a high-fat meal, indicat-
ing the accumulation of CBD in body fat tissue. CBD is
not able to be absorbed in the oral epithelium or absorp-
tion is limited, instead, the main absorption of the sub-
stance occurs in the gastrointestinal tract [19]. Cannabid-
iol is metabolised in the liver and intestine by cytochrome
P450 enzymes CYP2B6, CYP2C19, CYP2D6, CYP2]2 and
CYP3A4, as well as by isoenzymes UGT1A7, UGT1A9 and
UGT2B7, forming various metabolites [21]. CBD metab-
olism is very complex, especially in hepatocytes (Fig. 3).
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Figure 3. CBD metabolism in a liver
Notes: CBD - cannabidiol
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The main human metabolite is 7-carboxycanabidiol
(7-COOH-CBD; ~90% of all measured in plasma) [22], as
well as 6a- and 6P-hydroxyisomers and derivatives hydrox-
ylated on the alkyl side chain with subsequent glucuronida-
tion. In general, Q. Rao et al. [23] identified 24 CBD metab-
olites in the liver. The main concern with 7-COOH-CBD
was its reactive acyl glucuronide. CBD is excreted from the
body in faeces (84%) and also in urine (8%) [24]. This indi-
cates that the main route of elimination of CBD is through
the intestine, which may affect the efficiency of its pharma-
cokinetics and the possibility of accumulation in the body
with prolonged use.

Cannabidiol interacts with a variety of neurotrans-
mitter systems, including serotonin and opioid receptors,
which can affect a variety of aspects of neural activity and
body physiology. Regarding serotonin receptors, some stud-
ies indicate that CBD can interact with 5-HT1A receptors,
which are responsible for controlling mood, sleep, and other
mental functions [6, 12, 24]. This may partially explain the
anxiolytic (anti-anxiety) and antineuropathic properties of
CBD. Experiments [13, 15, 17] have demonstrated the ef-
fect of CBD on other serotonin receptors, which can affect
various aspects of mood and mental state. Regarding opioid
receptors, there is some evidence to suggest that CBD may
interact with the body’s opioid systems. Studies have shown
that CBD can affect the activity of opioid receptors, causing
a reduction and presentation of pain [17, 18]. However, the
mechanisms of this interaction are not yet fully understood
and require further study. In general, the interaction of can-
nabidiol with these neurotransmitter systems shows that
CBD can have a complex effect on nervous activity, mood,
pain, and other physiological processes in the body [6].

Allosteric modulation of opioid receptors opens up
interesting opportunities for the development of new ap-
proaches to the management of pain and other conditions
associated with the opioid system. This could lead to an in-
crease in the effectiveness of opioid therapy, providing more
intense analgesia with lower doses of opioids. As noted by
R.A. Vlad et al. [24], it is possible to reduce side effects as-
sociated with opioid therapy, such as constipation and res-
piratory depression. Allosteric modulators can slow down
the development of opioid tolerance, make opioid therapy
more individualised, and reduce the risk of psychological
and physiological dependence. Allosteric modulation of
opioid receptors can affect biological systems in various
ways. According to studies [23, 24], this process can lead
to an increase in the analgesic effect of opioid drugs and
provide more effective pain control. At the same time, it is
possible to reduce the dose of opioids, which can reduce
the risk of side effects and the development of drug toler-
ance. Another important aspect is the ability of allosteric
modulation to minimise the adverse effects associated with
opioid therapy, such as respiratory depression and consti-
pation. Additionally, the use of allosteric modulators may
reduce the risk of opioid dependence due to the ability to
achieve the desired effect at lower doses. Cannabidiol is one
of the main non-psychoactive components of cannabis. It

interacts with various receptors and neurotransmitter sys
tems, exhibiting potential therapeutic properties. Canna-
bidiol is metabolised in the liver to form various metabo-
lites and is primarily excreted in the faeces. Studies of the
pharmacokinetics and pharmacodynamics of cannabidiol
are important for understanding its effects and developing
optimal patterns of use.

Legal Status, Prevalence
and Potential Impacts of Cannabis
The legal status of CBD varies by country and jurisdiction.
In some countries, such as Canada and some US states,
legislation has allowed the use of marijuana and its con-
stituents, including CBD, as a medicinal product [25]. In
the European Union, CBD was classified as a “novel food
substance”, which meant that it had to be registered and ap-
proved before being used in food [26]. In many other coun-
tries, such as Australia, Japan, and Singapore, CBD has not
yet been legal, regardless of its use as a medicinal product
or in food [27]. Some countries only allow the use of CBD if
it contains less than 0.2-0.3% of the psychoactive substance
found in marijuana (THC) [25]. Internationally, CBD is
not under the control of the United Nations (UN) on Nar-
cotic Drugs and Psychotropic Substances because it has no
psychoactive properties and does not cause a narcotic ef-
fect [27]. On 7 April 2021, the Ukrainian government legal-
ised the use of isolated cannabidiol [28]. Thus, the legal status
of CBD has been constantly changing, and different coun-
tries have taken different approaches to regulating its use.
CBD-based products were distributed across Euro-
pean countries with different legal statuses. The expected
effect of CBD use depended on social status. For example,
people with lower incomes reported improved well-being
and reduced anxiety and stress [27]. At the same time, the
use of cannabidiol by people with a higher level of educa-
tion was associated with a desire for increased concentra-
tion and headache relief [27]. Thus, it could be argued that
CBD products were widespread among different segments
of the population. This was facilitated by the availability
and variety of products. The main way of distributing CBD
was through the Internet (64%), where it was easy to or-
der and deliver goods without proper age verification, and
the number of stationary sales shops and pharmacies was
also increasing, with a 17% share of sales, with the rest of
the turnover carried out by shadow and unregistered out-
lets [29]. In most countries, the laws governing the use of
CBD were not clear, thus turning it into an unregulated sec-
tor [30]. Despite a ruling by the Court of Justice of the Eu-
ropean Union stating that CBD was not a drug, its status re-
mained unclear [31]. Part of the reason for the tightness of
the legal framework was due to insufficient research on the
effects of CBD-based products on the human body, which
created room for further research and a phased study of
the effects of CBD in different population groups. The main
regions of distribution of cannabidiol were North America
and Europe, and to a lesser extent Latin America, Asia, the
Middle East, and Africa (Fig. 4).
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Figure 4. Global cannabis market outlook for 2024

Source: [32]

The first innovative companies for the industrial pro-
duction and distribution of cannabis products received a
total of $128.5 million in investment [32]. The investment
market in this sector continued to grow. A recent report by

the Centre for Medical Cannabis estimated that 8-11% of
European adults have tried CBD for various purposes [33].
The size of the global cannabidiol market in 2023 was esti-
mated at USD 9.4 billion (Fig. 5).

Global Cannabidiol Market
Market forecast to grow at CAGR of 35.7%

USD 9.4 billion

2023

USD 31.85 billion

2027

Figure 5. Global market value
and revenue forecast for 2027

Source: [34]

The scientific community has shown interest in the
chemical compound cannabidiol due to its positive effects
and neuroprotective properties in several neurodegen-
erative diseases, including amyotrophic lateral sclerosis,
Parkinson’s disease, Huntington’s disease, and Alzheimer’s
disease [10]. According to the findings of R. Kaufmann et
al. [35], improved well-being was highlighted as the main
reason for CBD use among a relatively healthy popula-
tion. Reduced anxiety, improved sleep, and reduced stress
were also described as the most expected effects of CBD.
This study included a sample of 469 in patients who were
treated as inpatients. Overall, 33.3% of patients reported
using CBD, with the most common uses being to reduce

anxiety (52.4%), improve insomnia symptoms (33.3%),
and reduce pain (23.8%). The majority of patients (61.9%)
said that CBD use did not affect their substance depend-
ence, but some (16.7%) reported that CBD use helped
them reduce their use of other substances [36].

CBD has also been used in treatment programmes
for other drugs and alcohol addiction [37]. As CBD has
demonstrated many therapeutic effects in neural cir-
cuits involved in the development of drug addiction and
drug-seeking behaviour, it has become a promising can-
didate for the treatment of substance abuse disorders.
Studies have shown that CBD reduced the drive to ob-
tain amphetamine and prevented its recurrence in rats
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that had previously been trained to find amphetamine
independently [38]. In addition, it was found that CBD
modulated D1- and D2-receptor levels in the meso-
corticolimbic areas of the rat brain. This indicated that
CBD could be a potential treatment for drug addiction,
in particular, to prevent the recurrence of drug seeking
[39]. As a result of the experiment by K. Nouri et al. [40]
proved that cannabidiol reduced intrusive drug-seeking
thoughts using dopaminergic receptors in the nucle-
us accumbens. The results also indicated the potential
benefit of CBD to reduce inflammation in people with
cocaine use disorder. The interaction between cannabid-
iol and the CB1 receptor could be an important factor
in the treatment of cocaine dependence. A CB1 recep-
tor antagonist could reverse the effectiveness of CBD in
reducing cocaine seeking [41]. Y. Qian et al. [42] found
that cannabidiol reduced cocaine withdrawal symp-
toms and craving, and improved cognitive function and
mood in mice. The possibility of using cannabidiol and
its analogues as an alternative treatment for pain and
prevention of opioid abuse in rats [43], gambling and
behavioural addiction [44] has also been identified. A
recent double-blind, randomised study by R.M. Vitale et
al. [38] reported the effect of reducing cravings and
drug-induced anxiety in people with heroin use disor-
der. The legal status of cannabidiol varies in different
countries and jurisdictions. CBD-based products are
common among different segments of the population.
Cannabidiol is being researched as a potential remedy
for a variety of conditions, including anxiety, insomnia,
pain, and the treatment of drug and alcohol addiction.

Cannabidiol Toxicity and Side Effects:

A Review of Studies on the Effects on the Body

A significant claim is that cannabidiol can alter the liver
metabolism of other drugs, making them ineffective or
toxic [42]. Cannabidiol both metabolises and inhibits the
cytochrome P450 enzyme pathway, in particular CYP2C19
and CYP3A4. Cannabidiol has been reported to cause sig-
nificant increases in the serum levels of other drugs me-
tabolised through this pathway, such as macrolide antibi-
otics [39]. Given that other common medications are also
metabolised through this pathway, the greatest danger of
cannabidiol may not have been its direct side effects, but
rather the inhibition of metabolic pathways in the liver,
which could have caused significant drug interactions. The
concomitant use of cannabidiol and methadone led to a
marked increase in serum methadone levels, most likely
due to cannabidiol-induced inhibition of the CYP isoen-
zyme [45]. Studies have shown that the simultaneous use
of cannabidiol and antibiotics in rats increased the area
under the concentration-time curve (AUC) of the antibi-
otic, indicating an increase in its bioavailability [46]. In ad-
dition, cannabidiol reduces the excretion of the antibiotic
from the blood plasma, which could lead to an increase in
the toxicity of this drug.

In clinical trials of the only certified cannabidiol-based
drug (EPIDIOLEX), using the maximum recommended
maintenance doses, significant increases in liver to body
weight (LBW), plasma alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and total bilirubin were
observed. CBD increased the ratio of LBW, ALT, AST, and
total bilirubin [45]. Hepatotoxicity gene expression arrays
showed that CBD differentially regulated more than 50
genes, many of which were associated with oxidative stress
responses, lipid metabolism pathways, and drug-metab-
olising enzymes [46]. CBD has also shown clear signs of
hepatotoxicity, possibly of a cholestatic nature. The involve-
ment of numerous pathways related to lipid and xenobiot-
ic metabolism has raised serious concerns about potential
drug interactions as well as the safety of CBD itself [47].
Another study demonstrated an interaction between can-
nabidiol and plasma biological parameters [48], where the
average daily dose of CBD was 50.3 mg, and the prevalence
of elevated ALT was 9.1%, AST 4.0%, alkaline phosphatase
1.9%, and total bilirubin 1.7%.

Women might have a higher risk of side effects and
other responses to CBD therapy compared to men [49].
Subsequent studies have also noted an effect on spermat-
ogenesis. Thus, treatment with 0.5 uM CBD significantly
reduced sperm concentration [50]. Mice exposed to CBD
showed a decrease in the size of the seminiferous tubules,
a narrowing of the diameter of the tubular lumen in these
tubules, and a reduction in the height of the seminiferous
epithelium. In an experiment conducted by R.K. Carval-
ho et al. [51], sperm DNA damage worsened, the activity
of the antioxidant enzyme SOD in sperm decreased, the
percentage of motile elements decreased significantly, and
more abnormal shapes were found. Another study report-
ed that oral administration of 30-300 mg/kg body weight/
day of CBD for 90 days caused a decrease in testicular size
and inhibition of spermatogenesis [47]. 30 mg/kg body
weight/day of CBD administered orally for 34 consecu-
tive days, followed by a 35-day recovery period, caused
a decrease in Sertoli cells, abnormal sperm morphology,
and decreased plasma testosterone levels. Z. Pandelides et
al. [50] found the effect of CBD on the development of
Dario fish. It was noted that cannabidiol had a significant
effect on larval behaviour and developmental abnormali-
ties. During development, CBD caused significant adverse
effects at both the cellular and tissue levels of the organism.
Based on the molecular changes observed in this study,
the authors identified the main pathways of CBD toxici-
ty, such as binding of Cnrl, Cnr2 and/or PPAR receptors
and alteration of metabolic pathways (e.g., retinol) (Fig. 6).
The oral route of administration of CBD products is one
of the most common. CBD can transform in the acidic en-
vironment of the stomach to THC. This conversion was
found in studies with gastric fluid modelling (Fig. 7). CBD
is a compound rich in pharmacological interactions. The
most commonly reported results are neurological, car-
cinogenic and drug interactions (Fig. 8).
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Figure 6. Potential adverse effects of cannabinoid toxicity
Notes: continuous lines with arrows indicate known linkages, while dashed lines with arrows represent likely pathways
of adverse effects; CBD - cannabidiol; THC - tetrahydrocannabinol; CB1/CB2 - cannabinoid receptors; FABP - fatty-
acid-binding proteins; PPAR - peroxisome proliferator-activated receptors; FXR/RXR - farnesoid X receptor/retinoid
X receptor; UGT - UDP-glucuronosyltransferase; RETSAT - retinol saturate; CYP1A - cytochrome P450 1A; DHRS -
dehydrogenase; RDH - retinol dehydrogenase
Source: [52]
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Figure 7. Psychoactive products of acid-catalysed cyclisation
of cannabidiol in the presence of simulated gastric fluid at 37°C
Source: [53]
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Cannabinoids have been linked to multiple types of
cancer. The use of cannabidiol plant material and liquid ex-
tracts has been associated with an increased risk of prostate
cancer [55]. Testicular cancer was found to be most strong-
ly associated with cannabis exposure. The area under the
cumulative exponential E-Value curve for tobacco, alcohol
use disorders (AUD), cannabis, THC, cannabidiol, cannab-
ichromene, cannabinol, and cannabigerol was 34, 32, 13,
0, 103, 58, 25, 31, indicating that cannabidiol was most in-
volved in carcinogenesis [56]. Another effect of CBD was
observed in the excretory system. Participants without
chronic kidney disease (CKD) who consumed cannabidiol
had a faster decline in glomerular filtration rate [57]. Despite
its anti-inflammatory properties, B. Carmona-Hidalgo et
al. [58] found that CBD worsened diabetic nephropathy and
led to an earlier end-stage renal disease in a mouse model.

To exploit the full potential of cannabidiol’s therapeu-
tic value, pharmaceutical companies have been working to
create new forms of cannabinoids with reduced side effects
and toxicity. One of them was a method of producing a new
cannabinoid, 8.9-dihydrocannabidiol (8.9-DHCBD). The
antibacterial and antioxidant properties of the substance
were studied. The results of the study showed that 8.9-DH-
CBD had strong antibacterial activity against some strains
of bacteria that are pathogenic to humans, as well as signif-
icant antioxidant activity. The authors of the article argued
that 8.9-DHCBD could have potential applications as a new
natural antibiotic and antioxidant [59].

On the other hand, it is worth noting that most of the
statements about the positive and beneficial effects of using
CBD-based products have avoided the issue of the effects
on the body and the consequences of use. J.A. Crippa et
al. [60] have proposed CBD as a promising therapeutic tool
to overcome several clinical problems. Since 2001, more
than two hundred clinical trials have focused on the use of
CBD for the treatment of seizures, cancer, post-traumatic
stress disorder, and other health problems [61]. The evi-
dence of a positive effect on anxiety, depression, sleep dis-
orders or other psychological conditions is limited and con-
tradictory and was mostly based on subjective testimonies
of the subjects [62]. It is also worth noting that according to
the European Food Safety Authority (EFSA) statement on
the safety of cannabidiol as a novel product, based on an as-
sessment of the available data, there are uncertainties in the
data on the safety of cannabidiol as a novel product [63].

CBD and CBD-containing products have been grow-
ing quantitatively in markets around the world, yet despite
their high popularity among consumers, knowledge about
the negative effects of CBD-containing products remained
limited. Accumulating evidence indicated that CBD when
administered in clinically relevant doses or over a long
period, had a significant potential for hepatotoxicity, as
well as for interactions with various conventional medica-
tions [64]. The US Food and Drug Administration (FDA),
while acknowledging the potential benefits of CBD, also ar-
gued that questions remained about its safety, including the
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potential for liver damage [65]. Another significant claim
was that cannabidiol could alter the liver metabolism of
other drugs, making them ineffective or toxic [66].

Among natural extracts from cannabis plants, syn-
thetic analogues of CBD have also gained popularity on
the market and have been actively used in e-cigarettes.
Numerous cases in 2012 linked synthetic cannabinoids to
acute kidney injury [67, 68]. In particular, nephrotoxici-
ty could be associated with an effect on proximal tubular
mitochondrial function. Renal biopsies in such cases most
often demonstrated acute tubular necrosis, with some cases
of acute interstitial nephritis [67]. In the context of e-ciga-
rettes used to heat CBD oil, an important aspect is the prev-
alence of E-cigarette or Vaping Use-Associated Lung Injury
(EVALI). This syndrome has a significant association with
the use of vaping products with cannabidiol, in particular
CBD. The study selected seventeen international cases from
13 countries for analysis [68]. Countries outside the US had
more men in the cohorts (76% compared to 58-83%), and
the average age of patients from these countries was slightly
higher (31 years compared to 27, 19, and 27 years). The use
of nicotine/flavoured e-liquids was more common among
patients outside the US (100% vs. 58-67%), and the use of
cannabinoid-based products was less common (24% vs.
78-92%) [68]. Cannabidiol has potential side effects and
toxicity. It can interact with other drugs, inhibiting their
metabolism in the liver. Hepatotoxicity, nephrotoxicity, and
reproductive toxicity of cannabidiol have been observed.
Its conversion to psychoactive substances in the stomach
and its association with certain types of cancer is a concern.
However, evidence for positive effects is often contradicto-
ry and limited.

Conclusions

Cannabidiol, as one of the active cannabinoids contained in
cannabis plants, is gaining increasing recognition in med-
ical practice. However, its potential benefits and effects on
various aspects of human body functioning continue to be
the subject of debate in scientific circles. In this study, the
main focus was on a thorough analysis of the therapeutic
properties of cannabidiol, as well as the study of possible
negative effects and toxicity associated with its use. Addi-
tionally, the relevance of CBD as a chemical compound in
the modern global market was studied and the main areas
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of its application were identified. The data obtained in the
course of the study revealed a significant interest of the sci-
entific community in this complex compound.

The features and properties of cannabidiol as one of
the main components of cannabis, which affects the body
through interaction with receptors and neurotransmitter
systems, have been studied. It has a complex metabolism
in the liver and is mainly excreted in the faeces. Cannabid-
iol affects serotonin and opioid receptors, which opens up
prospects for the treatment of pain and other conditions.
Even though CBD-based products have been legalised by
regulators in the United States and Europe, there have been
legitimate concerns about possible negative effects on the
body. There was considerable ambiguity in the views and
opinions on cannabidiol. At the same time, it is important
to note that its use as a therapeutic agent is widespread in
neurology, psychiatry, addiction medicine and palliative
care. After analysing the results, some major concerns were
identified about the possible negative effects of cannabidiol
on the body. The main ones included the issues of hepa-
totoxicity, possible carcinogenicity, impact on reproductive
health, possible adverse reactions, and possible interaction
with other medicines. It is important to note that at the time
of the study, information on the impact of cannabidiol on
certain body systems, such as the excretory, immune, and
cardiovascular systems, remained insufficiently studied.

Further scientific research is needed to fully unlock
the potential of cannabidiol and objectively assess its ben-
efits and risks. Topics for further research may include
an analysis of the comprehensive effects of cannabidiol
on the body and a general overview of its mechanism of
action. Particular attention should be devoted to the in-
teraction of cannabidiol with other drugs and its effect on
various body systems. It is important to note that the ef-
fective and safe use of cannabidiol can play an important
role in improving the quality of life of patients, but this
requires in-depth study and proper regulation of its use in
medical practice.
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AHoOTaLif. Yepes 3pocTardy IONYIAPHICT HENCUXOAKTUBHOI PEYOBVMHU IPOAYKTIB KOHOIUI 5K JiKYBaJbHOTO
3aco0y, HeoOXiTHO Oy/IO NMPOBeCTM AeTaJbHMII aHaJIi3 HasABHUX HAYKOBMX NOCTIIXKeHb 3 TeM) BIUIMBY KaHaOifiomy
Ha JIIOZICBKUIT opraHisM. MeTolo boro orany 6y 36ip Ta cucremarusalisa iHdopMalil Ipo MO3UTUBHI Ta HeTaTUBHI
BIUIMBM KaHabiniony, a TakoX PO MO>KIMBOCTI JIOr0 BUKOPUCTaHHSA B MeanuHi. IIpoBenenuit ananis 3375 HaykoBKX
crareit, my6mikamiit i 3BiTiB, 3 sIKuX BifjibpaHo 68 Tux, mo HaitbinbIire BifmoBigany ymoBam 3amuty. 3i6paHi gaui 6ynmn
y3arajpHeHi i IpepncTaBleHi B cTpykTypoBaHoMy ¢(opmari. OTpuMaHi pe3ynabraTy OIIAAY BKas3ylOTb Ha 3HAYHUI
(dbapMaKoIOriYHMil MOTeHLia/I KaHa0iioNy, AKWIT MOXKe BUKOPUCTOBYBATUCH, AK NePCIIeKTVBHUI TepalleBTIYHMII 3acih
y pi3HUX MegMYHUX chepax. B po3rmIsHyTHX HOCTIKEeHHAX KaHAOI/{i0/T BUSIBIISIB IIPOTUCYSOMHNI, IPOTUEIIEN THIHILI
edeKT, a TaKOX IO3UTVBHMII BIUIMB B IIpOrpaMax 3aMiHM HapKOTMYHUX pedyoBUH. IIpoTe Takox Oyno BifsHaueHO
MOX/IMBICTb HETaTVBHMX PeaKlliil Ta IOTEeHIITHO IIKi//IMBOro BIUIMBY KaHabifjiony: Mo>ke IPU3BOJUTI §O PO3BUTKY
IICUXOJIOTiYHOI Ta (i3VYHOI 3a/JeKHOCTI; MiIBUIYE PU3UK PO3BUTKY (i3ionorivHNX mopylleHb, 30KpeMa BIUIMB Ha
cllepMaroreHes3 Ta MOPYIICHHA >KiHOY0I MiKpo(IOopy; BIUIMBA€E Ha MOBENiHKY Ta IPU3BOAYTD [0 BiIXVMIeHb Y PO3BUTKY.
Jis xaHa6iniony Ha opraHisM JIOAVHM [OCi 3a/IMIIAEThCA HENOCTATHBO BYBYEHOIO,  JI0TO PO3IOBCIOMKEHHA B YMOBax
HE[JOCTaTHbOTO 3aKOHOZABYOTO PETY/IIOBAHHS MOXe YMHUTH PU3MUK [Is 3HOPOB'sSI Ta Ge3meKy CroxmBadiB. PosymiHHs
BCiX acIeKTiB BMKOpPUCTaHHA KaHaOifiony 3abe3lednTb Ha/leXKHe YIPABIiHHA IOr0 BUKOPUCTAaHHAM i PO3BUTKOM
BiAIOBifHOI 3aKOHOAABYOI 6a3y, a TAaKOXX CHPUATVIME IIOfA/IBIIOMY BVMBYEHHIO Ta PO3poOIi HOBUX IpemapariB Ha
OCHOBI JJaHOTO POC/IMHHOTO €KCTPAKTY

KAIO4OBI CAOBQ: KaHa6ic; TOKCUKOIIOTIsA; IIPABO; EMIIENICis; XPOHIYHMUIL Gilb; FeHepai30BAHMIT TPUBOXKHUI POSIAL
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Abstract. Due to the decline in mortality rates among children with heart disease, a significant number of such
children have reached reproductive age. However, since knowledge about the impact of pregnancy on haemodynamics
in women with heart disease is limited, this study is extremely relevant. The study aimed to provide a comprehensive
review of current scientific sources and consolidate the knowledge gained on haemodynamic features in pregnant
women with atrial septal defects. Several methods were used in the study: analysis, including comparative analysis,
synthesis, bibliography, systematisation, and categorisation. A two-stage approach in the form of a systematic literature
review was also used. The complex haemodynamic changes that occur in pregnant women, both in normal and
pathological conditions, in particular in pregnant women with atrial septal defect, are considered. The question is
specified as to why hemodynamic changes become most significant in the third trimester of pregnancy, their impact
on the course of pregnancy, and the outcome of labor completion. The topic of acute and chronic complications of
atrial septal defect and modern principles of their prevention and treatment are covered. Special attention is paid to the
methods of correction of this heart defect, considering their advantages, disadvantages and possible complications. The
experience of perinatal centres in several European countries in managing pregnancies in women with cardiovascular
disease, in particular with atrial septal defects, is reviewed. Gaps in knowledge about the prevalence of these defects and
risk factors were filled. The study addressed the lack of a comprehensive view of this problem: from pathophysiological
basis and epidemiology to treatment and modification of risk factors. The study is of great practical value for healthcare
professionals, as it can serve as a basis for the development of preventive programmes and other interventions for
pregnancies of women with congenital cardiovascular disease
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Introduction

Maternal and child health is one of the most important as-
pects of health care, both at the individual and population
levels, as it largely shapes the health of the nation. In this
context, congenital malformations (CM) are of particu-
lar importance, which is directly related to the significant
share of this group of pathologies in the structure of mor-
bidity and mortality in the neonatal period. Healthcare
professionals often consider the CM issue in the short term,
neglecting the long-term consequences, such as the devel-
opment of chronic diseases and a deterioration in quality of
life. Congenital heart disease (CHD) accounts for the larg-
est share of the CM structure, including pathologies that
are accompanied by a violation of the integrity of the heart
chambers, such as atrial septal defects (ASD). Modern
methods of early diagnosis and treatment can largely avoid
the consequences in the short term, which leads to a re-
duction in neonatal mortality. This allows a significant pro-
portion of patients to reach reproductive age. It is during
this period that the long-term CM consequences, including
CHD, come to the fore, which causes the problem of preg-
nancy management with this comorbidity, as gestation is a
significant risk factor for decompensation of heart disease.
The main problem with past studies on this topic was their
narrow focus, with researchers looking at the problem from
a particular part of it, such as epidemiology or pathophys-
iological aspects of haemodynamic changes. As scientific
materials were accumulated, it became necessary to form
a comprehensive and comprehensive view of the problem.
This issue was discussed by Ukrainian researchers on
several occasions. As such, V. Yaroslavskyi & Yu. Tsysar re-
viewed the general theoretical basis of the problem, super-
ficially touching upon the epidemiology and clinical CHD
manifestations [1]. Hemodynamic changes during preg-
nancy in healthy women and those with CHD were also
highlighted, especially in the third trimester of pregnancy,
as this period is characterised by the greatest hemodynamic
changes. S. Triska et al. highlighted the practical aspects of
pregnancy management in women with CHD, also devot-
ing a separate paragraph to acquired heart disease [2]. The
authors emphasised the importance of risk stratification in
all pregnant women, and the order and stages of their hos-
pitalisation in healthcare facilities, depending on the iden-
tified risk group. I. Kravchuk et al. focused on the impact of
acquired heart disease on pregnancy, particularly in wom-
en with thrombophilia, leaving aside aspects of congenital
heart disease [3]. Scientists have noted that haemodynamic
disorders that occur in pregnant women with heart dis-
ease significantly increase the risk of complications such
as weakness of labour, bleeding, and newborn asphyxia.
In particular, the study found that thromboembolic com-
plications were the most dangerous. V. Kryvetskyi et al.
noted that some CHD, even despite advances in modern
diagnostic technologies, may remain undetected for long
periods, especially in the case of ASD, as some types of this
defect are not accompanied by significant haemodynamic
disorders in physiological conditions [4]. In some cases,
ASD is manifested during pregnancy, due to increased hae-

modynamic changes in the third trimester of pregnancy.
T. Shevchenko et al. emphasise that computed tomography
is the most optimal method for the effective diagnosis of
ASD, although this method is not as widely used in this area
as, for example, ultrasound methods [5]. It is important to
note that this method has certain limitations in terms of
availability and a certain group of contraindications, which
also leads to the predominant use of other methods of in-
strumental research to detect ASD. This, in turn, can lead
to undiagnosed haemodynamically insignificant defects.
Late detection of ASD can pose risks to pregnancy.

Thus, given the medical and social significance of this
problem, the aim of this study is a comprehensive review
of the literature and consolidation of existing knowledge
on the features of haemodynamics in pregnant women
with ASD, especially in the third trimester of gestation and
clinical manifestations of the identified disorders. Addi-
tional tasks include studying the epidemiology of CHD,
its impact on the course of pregnancy and identifying the
main risk factors associated with this group of pathologies.
A detailed study of this problem can be used to develop
optimal approaches to the management of pregnancy and
childbirth in women with ASD, improving the quality of
their lives and the health of their children.

An extensive and exhaustive scientific literature search
was conducted using the analysis and bibliographic meth-
od in biomedical scientific and practical resources, includ-
ing Science Direct, CINAHL, PubMed, Cochrane Library,
Web of Science, Ovid, JSTOR, Psychology Database, and
EMBASE. Various combinations of keywords and phrases
related to the issue of ASD and risk factors, such as “atri-
al septum’, “pregnancy’, “haemodynamics’, “developmen-
tal pathology”, “newborns”, “risk factors”, and others, were
used. The search covered scientific materials published in
the period from 2018 to 2023, including both basic re-
searches, for which a wider time frame was chosen, and
current scientific publications. To refine the focus of the
research, the results of this search were adjusted to focus
on scientific articles published in journals specialising in
biomedicine, leaving aside the socio-economic aspect of
the topic. Studies were analysed that comprehensively cov-
ered both the issues of ASD and haemodynamic changes
in pregnant women in normal and pathological conditions.
As a result of this work, more than 100 scientific papers
were analysed. Subsequently, 47 of the best scientific pa-
pers were selected using exclusion criteria. The main direc-
tions for further research were outlined using the synthesis
method. The same methods were used to systematise and
classify the collected information. The systematisation and
categorisation methods resulted in a structured data sys-
tem that greatly simplified the analysis and interpretation
of information on ASD and related risk factors. In addition
to the above, the study used a two-stage approach based on
the proven bibliographic and analytical methods proposed
by S.K. Boell & D. Cecez-Kecmanovic [6]. The application
of this allowed for a comprehensive aggregation, systema-
tisation, classification, and analysis of sources on the issue.
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Congenital Heart Defects:
Defect Variants, Clinical Manifestations,
Risk Factors and Diagnostic Methods

According to the study by N. Khudoykulova, congeni-
tal heart disease is one of the most common anomalies
in newborns, occurring in the range of 4 to 10 cases per
1000 live births [7]. Among the most common congenital
heart defects are the following: interventricular septal de-
fects, atrial septal defects, transposition of the great vessels,
patent ductus arteriosus, and Phalo group defects. Among
patients with congenital heart defects, 47% are detected

6% 6%

7%

8%

18%

15%

during prenatal screening in a maternity hospital or other
healthcare facility, and 93% of cases are detected before the
age of 1 year. 60-65% do not survive the first year of life due
to the lack of necessary surgical correction, as highlighted
in their work by T. Protsak & K. Khovanets [8]. The struc-
ture of congenital heart defects includes congenital stenosis
of the aortic mouth, coarctation of the aorta, Fallot’s group
defects, atrial septal defect, patent ductus arteriosus, and
ventricular septal defect, as shown in Figure 1. Thus, ASD is
one of the most common heart defects and, given the high
prevalence of this group, CM in general [9].

m Aortic mouth congenital stenosis
Aortic coarctation
Phalo group defects

m Defect of the interventricular septum
Open arterial duct

m Atrial septal defect
Other

Figure 1. Congenital heart disease nosological structure

Source: Compiled by the authors based on [8, 9]

There are four different types of atrial septal defects,
although only two of them are of significant practical im-
portance in the context of pregnancy. The most common of
these is a secondary defect, which is located only at the level
of the foramen ovale and is usually found in adult patients.
Primary atrial septal defect, in turn, accounts for only 15-
20% of all cases and is usually detected in childhood. This
type of ASD is often combined with congenital mitral valve
insufficiency, which continues to progress over time despite
correction in childhood. This is accompanied by the devel-
opment of decompensated mitral insufficiency, which was
noted by C. Frescura & G. Thiene [10].

Given the high prevalence and medical significance
of both developmental disorders in general and congen-
ital heart diseases in particular, scientists continue to
focus on the factors that contribute to the development
of these pathologies. This issue covers a wide range of
risk factors, from genetically determined to iatrogenic.
As such, B.D. Gelb highlighted the topic of genetic de-
termination of CHD and emphasised the use of modern
genetic achievements as both early diagnosis of these
malformations and prevention of their development [11].
The issue of the drug effect on the risk of developing
birth defects was investigated by X. Wen et al. [12] and
N. Mallah et al. [13], focusing on the use of macrolides
and opioid analgesics, respectively. Such studies and the
implementation of their results in medical practice may
help to avoid iatrogeny. Researchers also paid attention
to the maternal somatic state as a risk factor for congen-
ital heart disease. Z. Liang et al. examined the impact
of obstetric and gynaecological pathology on the risk of

developing CHD in the example of endometriosis, the
researchers emphasised the need for detailed diagno-
sis and subsequent correction of reproductive system
pathologies during pregnancy planning [14]. Accord-
ing to N.Z. Costa et al. [15] and M.]. de Ramirez-Al-
tamirano et al. [16], environmental factors, in particular
chemicals such as agropesticides and heavy metals, are
risk factors for the development of CHD in some cases.

J.O. Seyi-Olajide et al. highlighted the importance
of developing and implementing screening programmes
for the early diagnosis of CHD [17]. The researchers not-
ed that there is a certain gap between the quality of such
programmes in high-, middle- and low-income countries.
In middle- and low-income countries, the primary early
CHD diagnosis tool is ultrasound, which requires neither
significant material resources nor significant qualifica-
tions of medical personnel. At the same time, as noted by
Y. Xia et al. noted that in high-income countries, modern
screening programmes tend to use innovative diagnostic
methods, such as the identification of biomarkers in preg-
nant women’s blood [18].

Hence, CHD is the most common group of congenital
malformations, with ASD taking the leading place among
them. The ASD structure is not homogeneous and consists
of four types, the most common of which is a secondary
atrial septal defect, which is characterised by late diagno-
sis. ASD can also be combined with other heart defects, the
most significant of which is congenital mitral valve insuffi-
ciency. The combination of these defects can lead to the de-
velopment of decompensated mitral insufficiency. Given the
medical and social significance of CHD, several studies have
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been conducted on the factors of development of this group
of pathologies, identifying a wide range of factors, from ge-
netic to iatrogenic. The most common method of diagnos-
ing CHD, including ASD, is ultrasound diagnostics. How-
ever, in high-income countries, innovative methods such
as the detection of specific biomarkers in pregnant women’s
serum are being integrated into screening programmes.

Physiological Changes

in the Cardiovascular System During Pregnancy
The woman’s body undergoes significant changes during
pregnancy that are not related to the CHD. The increase in
blood volume in the bloodstream, mainly due to plasma, is
positively correlated with gestational age, which peaks in
the third trimester. This causes the development of gesta-
tional haemodilution, which is accompanied by changes in
placental circulation due to a decrease in blood viscosity.
Also, heart failure is quite common, which is caused by
the inability of the heart muscle to adapt to the increased
volume of the bloodstream, which significantly affects the
placental circulation. Anaemia in combination with in-
creased oxygen demand of the heart muscle can lead to a
mismatch between the demand and blood supply, which
can aggravate the existing phenomena of ischaemia in the
form of exacerbation or manifestation of coronary heart
disease, as highlighted in the study by M. Konovalova &
N. Mykhailovska [19]. There is an increase in cardiac out-
put of up to 50% in the third trimester, which is associated
with an increase in left ventricular end-diastolic volume.
The stroke volume and heart rate are also positively corre-
lated with gestational age. These changes are not uniform;
a significant increase in both indicators can be observed
during the first 8 weeks of gestation, after which their lev-
els do not change significantly over 20 weeks, as noted by
N.H. Troiano [20]. Remodelling of cardiac activity begins
in the first weeks of pregnancy and is associated with an
increase in left ventricular end-diastolic volume. J. Ren et
al. noted that in physiological pregnancy, both systolic and
diastolic blood pressure decrease [21]. Pressure indicators
undergo the greatest changes in the second trimester of
pregnancy. There is also reason to believe that changes oc-
cur at the level of the vascular bed: venous blood volume
and vein distension increase, basal oxygen consumption
increases by about 50 mL/min, which is due to increased
lung ventilation. Changes in respiratory parameters are as-
sociated with the central effect of progesterone, increased
angiotensin II levels, and changes in blood osmolarity, as
demonstrated by R.M. Sima et al. [22]. Some extracardi-
ac factors, such as the position of the pregnant woman in
space, also affect cardiac output. Thus, uterine enlargement
can lead to a decrease in cardiac output by compressing
the vena cava and aorta when the pregnant woman is in
the supine position. This compression leads to a decrease
in venous return and a 20-30% decrease in cardiac output.
In the supine position, a woman may develop hypotension
syndrome in the later stages of pregnancy. On the other
hand, cardiac output is optimal when a woman is on her

side. Childbirth also contributes to an increase in cardiac
output. In the first hour after birth, cardiac output increas-
es by about 22%. As noted by Z.N. Pascual & M.D. Lang-
aker, within 2-4 weeks after delivery, the index gradually
decreases and returns to normal levels approximately 6
weeks after birth [23]. During pregnancy, the ratio of the
activity of the coagulation and anti-coagulation systems of
the blood is also disturbed, with the dominance of the for-
mer, as studied in detail by B.B. Warren et al. [24]. This is
primarily due to an increase in the concentration of such
coagulation factors as VII, VIIL, IX, X, and XII. At the same
time, fibrinolysis is inhibited by a decrease in the concen-
tration of protein S, which ultimately leads to the inhibi-
tion of fibrinolysis. These changes lead to the development
of hypercoagulability and a natural increase in the risk of
thrombotic and thromboembolic complications, and this
risk persists for 6 weeks after delivery.

A study conducted by M. Bester et al. [25] demonstrat-
ed that pregnant women undergo a significant restructur-
ing of the autonomic nervous system, characterised by a de-
crease in the tone of the parasympathetic and an increase in
the tone of the sympathetic nervous systems. These changes
lead to changes in heart rate variability, which is a sensitive
marker of the functioning of the autonomic nervous system.
In addition, in pregnant women, there is a decrease in the
reactivity of the autonomic nervous system, which can neg-
atively affect the implementation of adaptive mechanisms
of the cardiovascular system during pregnancy, which
is especially dangerous for pregnant women with CHD.

As such, pregnancy is accompanied by significant
changes in the cardiovascular system. Hemodynamic
changes are characterised by an increase in blood volume,
cardiac output, and heart rate. The increase in blood vol-
ume is caused by hypervolaemia, which occurs mainly due
to an increase in the amount of plasma. The increase in car-
diac output is due to an increase in left ventricular end-di-
astolic volume, and the increase in heart rate is a compen-
satory response to the increase in blood vessel volume.
Cardiac remodelling, which is characterised by an increase
in the mass of the left ventricle and its chambers, also oc-
curs as a result of the heart’s adaptation to increased stress.
A shift in haemostasis towards hypercoagulation due to an
increase in the concentration of blood coagulation factors
and a decrease in fibrinolysis activity. This shift is physio-
logically caused by the prevention of bleeding during la-
bour. Changes in autonomic regulation, characterised by a
weakening of parasympathetic and strengthening of sym-
pathetic influences, occur due to an increase in the level of
catecholamines produced by the adrenal glands. In women
with CHD, the above changes can lead to decompensation
of cardiac pathology and the development of pregnancy
complications, as discussed in the next section.

Clinical and Haemodynamic

ASD Complications in Pregnant Women
Sometimes, due to minor and nonspecific clinical man-
ifestations in the form of fatigue and impaired exercise
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tolerance, ASD is not diagnosed for a long time. Uncorrect-
ed ASD is accompanied by the movement of blood along a
pressure gradient from the left atrium to the right atrium,
which causes an enlargement of the right atrium and, sub-
sequently, the right ventricle. This can also lead to the de-
velopment of secondary tricuspid valve failure, as noted by
V.T. Binh et al. [26]. These haemodynamic changes are sig-
nificantly exacerbated in the third trimester of pregnancy
when the volume of circulating blood increases by approx-
imately 50%. Almost half of patients with late-diagnosed
ASD suffer from heart rhythm disturbances, which in some
cases may be the main manifestation of the pathology. Giv-
en the phenomenon of left-to-right shunting and turbulent
blood flow due to heart rhythm disturbances, the risk of
thromboembolic events is significant. In some cases, ASD
is diagnosed only after the onset of complications, such as
acute cerebrovascular accident, which is based on the phe-
nomena of paradoxical embolism, as described in detail
by V. Muroke et al. [27]. P. Sjoberg et al. noted that during
pregnancy, patients with uncorrected ASD have a 4-5% in-
creased risk of cardiac arrhythmias due to increased circu-
lating blood volume and additional stretching of the heart
chambers [28]. In addition, physiological tachycardia in the
second half of pregnancy, given the already existing arrhyth-
mia, can lead to severe paroxysmal arrhythmias. Given the
increased activity of the anti-clotting and inhibition of the
fibrinolytic blood systems that progress during pregnancy,
the risk of paradoxical embolism through the left-to-right
shunt increases significantly in the third trimester of gesta-
tion. This risk, depending on the stage of pregnancy, is 2-5%.

Uncorrected ASD is often accompanied by the de-
velopment of chronic pulmonary circulatory disorders. It
has been proven that 6-35% of patients develop pulmo-
nary hypertension as a result of left-to-right shunting due
to the presence of a connection between both atria. It is
especially important that the development of pulmonary
hypertension only initially depends on the phenomena
of left-to-right shunting. Subsequently, as morphological,
and functional changes in the pulmonary vessels progress,
hypertension continues to exist regardless of certain cardi-
ac circulatory events. Thus, timely surgical intervention is
aimed at preventing the development of severe pulmonary
hypertension, as emphasised by C.J. Cool et al. [29]. This
condition is associated with an increased risk of disabil-
ity and death. According to the study by E.A. Bradley &
A.N. Zaidi, prevention of the progression of morphological
changes in medium and small calibre pulmonary vessels is
the main predictor for surgical correction of ASD, although
in the presence of advanced pulmonary hypertension, cor-
rection of ASD may not affect the severity and progression
of secondary disease [30]. A. Potapchuk et al. [31] and
E. Kadirogullari et al. [32] concluded that modern advanc-
es in early diagnosis, especially with the use of ultrasound
methods, have significantly improved the prognosis of pa-
tients with pulmonary hypertension, in particular, due to
ASD. In turn, H.F. Qiu et al. [33] and J.H. Seol et al. [34]
examined the problem through the prism of heart surgery

and found that modern surgical interventions have reduced
the percentage of patients with pulmonary hypertension in
the postoperative period compared to previous years.

Pulmonary hypertension is accompanied by dilation
of the pulmonary artery, which can lead to compression of
the coronary vessels. In most cases, the left main coronary
artery, which originates from the left coronary leaflet of the
aortic valve and divides into the left circumflex artery and
the left anterior descending artery along its path, is com-
pressed. This is especially important as these arteries sup-
ply the myocardium of the left ventricle and atrium. The
clinic of left main coronary artery compression resembles
that of acute coronary syndrome, which significantly com-
plicates differential diagnosis and can lead to ineffective
care. This complication is especially relevant in pregnancy,
especially in the third trimester, when in the case of pul-
monary hypertension with overflow of the bloodstream,
the pulmonary artery is particularly enlarged, as discussed
by R.D. Zwijnenburg et al. [35]. Pulmonary hyperten-
sion, especially its resistant forms, is a contraindication to
pregnancy due to obstetric and cardiac complications. For
women who do become pregnant, premature termination
of pregnancy is recommended, as emphasised by various
groups of researchers, such as M. Ladouceur et al. [36] and
A. Shevchenko & Yu. Krut [37].

According to S. Malakhova et al., most women with
ASD have an optimal pregnancy outcome, except for those
diagnosed with pulmonary hypertension [38]. In this con-
text, it is important to compare pregnancy outcomes in
women who have undergone correction of ASD and those
who have not. In the first case, a higher risk of eclampsia
and pre-eclampsia, low birth weight, and intrauterine death
was found compared to the general population, which is
associated with insufficient placental blood supply due to
the presence of left-to-right shunting, aggravated by hae-
modynamic changes in the third trimester of pregnancy.
In turn, those women who were surgically treated for this
reason did not have significant differences from the aver-
age population, although an increased risk of heart rhythm
disorders was found, which is directly related to the fact of
cardiac surgery.

It is also necessary to emphasise that risk stratification
is particularly important in the context of pregnancy in
women with ASD, as they are more vulnerable to common
risk factors. As noted by M. Khara et al., attention should
be paid to the presence of comorbidities, in particular ges-
tational diabetes [39]. N. Loia et al. [40] recommended a
set of pregravid preparation measures to avoid hypovita-
minosis and other nutritional conditions, and fetotoxicity
and teratogenicity of some drugs used to treat pulmonary
hypertension, in particular in women with ASD, as empha-
sised by O. Aleksieiev [41].

Given all of the above, some important aspects should
be emphasised. In general, ASD is not a particularly danger-
ous heart defect; a significant proportion of people can live
for decades without ever knowing they have this pathology.
Nevertheless, ASD has a formidable complication, as this
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defect, like other diseases and conditions accompanied by
changes in haemodynamics, is prone to gradual progres-
sion. In this case, this complication is pulmonary hyper-
tension. Pregnancy is a physiologically complex and mul-
tifaceted process that causes changes in almost all organs
and systems of the body, several of which are associated
with haemodynamics, leading to a worsening of disorders
in women with ASD. Haemodynamic disorders peak in the
third trimester of pregnancy. These changes during this pe-
riod can lead to placental circulatory disorders, although
pregnancy is usually optimal in women with ASD. The most
dangerous changes in haemodynamics occur when a preg-
nant woman with ASD develops pulmonary hypertension,
in which case termination of pregnancy is recommended.
Thus, the above material demonstrates that ASD, al-
though one of the least haemodynamically significant heart
defects, nevertheless leads to left-to-right blood shunting,
which is very difficult to diagnose due to nonspecific and
vague clinical manifestations. During pregnancy, a wom-
an’s body undergoes several changes, including those di-
rectly related to haemodynamics: an increase in circulating
blood volume due to plasma, haemodilution, a tendency
to thrombosis and fibrinolysis disorders. These changes de-
velop gradually, reaching their peak in the third trimester
of pregnancy. These metamorphoses can exacerbate hae-
modynamic disorders in women with uncorrected ASD,
which carries a risk of placental circulatory disorders. In
turn, women who have undergone surgical correction are
only more likely to develop heart rhythm disorders. In
general, women with ASD have an optimal pregnancy out-
come, except for the development of the most dangerous
complication of ASD, pulmonary hypertension.

Experience of Perinatal Centres

in Managing Pregnancy in Women

with Congenital Cardiovascular Disease

Besides, some other aspects of the problem deserve fur-
ther attention, such as the impact on the haemodynamics
of morphologically similar defects that are also associated
with the atrial septum, the most up-to-date recommenda-
tions for the management of this pathology and considera-
tion of information from perinatal centres in some Europe-
an countries. The most pathogenetically similar heart defect
to ASD is the patent foramen ovale (PFO). B. Zhang et al.
noted that PFO is a defect that occurs in approximately
25% and is a preserved opening through which left-to-
right shunting occurs in the foetal period [42]. PFO, as
well as ASD, usually does not cause serious haemodynamic
disorders, although they are more severe in patients with
the first pathology. L. Chen et al. note that hemodynamic
changes during pregnancy, especially in the third trimester,
are accompanied by a deepening of pathological changes
caused by left-to-right shunting in the case of PFO, which
is accompanied by an increased risk of heart failure and
placental circulatory failure [43]. The most dangerous and,
at the same time, the most common complication of the
PFO is the development of paradoxical embolism and, as a

result, ischaemic stroke. Given the changes in the coagula-
tion system during pregnancy, the risk of acute cerebrovas-
cular disorders is particularly high during this period. Thus,
the authors recommend that the defect be corrected during
pregnancy planning, especially if there is a history of acute
cerebrovascular disorders. In the case of an uncorrected
defect, prophylactic aspirin use is recommended starting
from the second trimester of pregnancy to reduce the risk
of thrombosis. Thus, PFO and ASD are defects with a com-
mon location, a common type of bypass surgery, and a sim-
ilar effect of pregnancy on the course of pathology. In both
cases, haemodynamic changes become significant only in
the third trimester of pregnancy, remaining insignificant in
normal conditions. Both pathologies are characterised by
a mild clinical course, the most dangerous manifestation
of which is complications, for PFO - acute cerebrovascu-
lar accident, and for ASD - pulmonary hypertension. This
material, unlike the present study, also does not provide in-
formation on haemodynamic changes in pregnant women,
both in physiological conditions and in cases of pathology.

An exhaustive analysis of the clinical course and treat-
ment strategies for ASD was done by M. Brida et al. [44].
The authors emphasise that the current paradigm in the
treatment of ASD is the surgical correction of the defect
before the age of 25, which allows both to avoid the de-
velopment of pulmonary hypertension or thromboembolic
complications and to leave time for pregnancy planning.
The procedure is performed both with the help of a catheter
and directly surgically. Recent advances have significantly
improved the catheter-based procedure, and this meth-
od of intervention is now the preferred method for most
patients with ASD. This procedure has a smaller range of
potential complications, lower risk, shorter postoperative
period, and faster recovery. The procedure is carried out
under the careful supervision of additional examination
methods: ultrasound or X-ray. In modern conditions,
many instruments based on permanent materials are used,
but the latest in this field is plastic surgery by implantation
of biological implants capable of controlled degradation
and gradual replacement with cardiac tissue. In turn, sur-
gical intervention is used in cases where it is impossible
to perform defect repair using a catheter. It is usually per-
formed in the case of massive defects, and the intervention
is carried out with the help of a heart-lung machine, using
a midline sternotomy approach. The procedure is highly ef-
fective, with a mortality rate of less than 1% and a 7% risk
of complications. Nevertheless, in the postoperative period,
there is a risk of developing heart rhythm disturbances due
to the disruption of the structure of the cardiac conduction
system and the occurrence of postoperative scars. Thus, the
aforementioned material confirms the recommendations
made in this study regarding the need to correct the defect
before pregnancy. The present work is strictly practically
oriented to the field of cardiac surgery and therefore omits
several aspects demonstrated in this study, in particular, an
exhaustive analysis of haemodynamic changes and the im-
pact of these changes on the foetal condition.
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The issue of changes in haemodynamics caused by car-
diovascular disease during pregnancy and their potential
impact on the course of pregnancy was studied by Europe-
an scientists. W. Drenthen et al. examined data from peri-
natal centres in the Netherlands and Belgium, focusing on
risk factors that may be caused by cardiovascular disease,
including ASD, in pregnant women [45]. The researchers
found cardiovascular complications in 7.6% of pregnant
women, with heart failure and rhythm disturbances pre-
dominating; eclampsia (12%) and pre-eclampsia (4.1%)
prevailed among obstetric complications that occurred in
24% of cases; neonatal complications occurred in 25% of
paradigms, with preterm birth and birth of underweight
children predominating; neonatal mortality was 4%. Dan-
ish researchers led by S. Udholm et al. studied the course
of pregnancy in women with ASD and found that although
the perinatal outcomes of the pathology in women with
the disorder and the control group were similar, women
with ASD had a threefold higher risk of developing pre-ec-
lampsia [46]. A significant proportion of women with
ASD used artificial insemination methods. J. Roos-Hesse-
link et al. in a multicentre study analysed information on
5739 cardiovascular disease-associated pregnancies from
around the world, including the Netherlands, Belgium,
Norway, and the United Kingdom [47]. 60% of pregnant
women had cardiovascular disease, and these patients,
in particular those with ASD, were at high risk. Among
them, 11% of pregnancies were accompanied by the devel-
opment of heart failure, and 16% in the early postpartum
period. Foetal pathology was observed in at least 21% of
cases, more than half of which were premature births; cae-
sarean section was used in 9% of cases, 16% of which were
for cardiac reasons, more than half of which were due to
pulmonary hypertension.

As such, these studies complement the material on the
risks associated with the cardiovascular system CM, their
causes, and consequences in the example of perinatal cen-
tres in Europe. These studies were mostly strictly epide-
miological, omitting several issues: the pathophysiological
basis of the pathological process, and methods of its diagno-
sis and correction, which is demonstrated in this material.

Conclusions

Congenital defects of the cardiovascular system are the
most common and socially significant among congenital
malformations, and one of the most common is congeni-
tal atrial septal defect. Based on the data of many studies,
it can be stated that under normal conditions, this defect
does not lead to significant haemodynamic disorders and
is manifested only in the case of a prolonged uncorrected
course with the development of pulmonary hypertension
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or in the case of complex multisystemic changes, as in
pregnancy. Changes in systemic haemodynamics in preg-
nant women are positively correlated with gestational age,
reaching their peak in the third trimester of pregnancy.
Changes in the form of an increase in total blood volume, a
tendency to thrombosis and fibrinolysis aggravate the hae-
modynamic disorders inherent in congenital atrial septal
defect by left-to-right shunting. These changes are clini-
cally manifested by thromboembolic complications, heart
failure, and placental circulatory disorders, although most
women have an optimal pregnancy and delivery.

The most serious complication of a defect that has
not been corrected for a long time is the development of
pulmonary hypertension, which is especially dangerous
during pregnancy and is a direct indication of its termi-
nation. In the case of pulmonary hypertension caused
by atrial septal defect, this condition directly depends
on cardiac haemodynamics only at the initial stages of
its development. In the case of a long course, morpho-
logical and functional changes in the pulmonary vessels
persist and progress regardless of the correction of the
heart wall defect.

The current paradigm in the treatment of this defect
is atrial septal defect repair, which reduces the risk of sig-
nificant haemodynamic disorders during pregnancy. The
most modern method in this area is balloon surgery with
the use of biological implants. Surgical interventions in
this regard should be performed when planning a preg-
nancy under the age of 25, which helps to avoid unde-
sirable consequences in the third trimester of pregnancy
or during childbirth. Interventions are recommended to
be performed using balloon plastics, as this minimises
the risk of developing cardiac arrhythmias in the future.
Nevertheless, large defects can currently be corrected only
with the help of full-fledged surgery.

The experience of perinatal centres in Europe in
managing pregnancy in women with congenital cardi-
ovascular disease in general and atrial septal defects, in
particular, is also considered. Due to the pathogenetic
and morphological similarities, additional attention was
also paid to the issue of pregnancy in women with an
open oval window. Further research in this area should
be aimed at solving the problem of pregnancy in wom-
en with uncorrected atrial septal defects complicated by
pulmonary hypertension.
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AHOTALA. Y 3B'A3KY 31 3HIDKEHHSIM IOKa3HUKA CMEPTHOCTI Cepef JiTell 3 BajaMu Ceplis, 3HaYHa KiZIbKiCTb TaKuX
TiTelt JOCATIN PENPOJYKTUBHOTO BiKy. OfHaK, OCKi/IbKM 3HaHHA 1[OJ0 BIUIMBY BariTHOCTi Ha FEMOJVHAMIKY Y >KiHOK i3
cepLieBMMU BajjaMy 0OMe>KeHi, JaHe TOCTiIKeHH € BKpail akTyaIbHUM. MeTolo po6oTy O6yB Bce6IUHMIL OITIAL, CydacHNX
HayKOBMX JDKepell Ta KOHCOJIifallifd OTpMMaHMX 3HAaHb IOJO OCOOMMBOCTEN TeMOMHAMIKY y BariTHUX 3 fedekramu
MbkniepencepaHoi nmepetuHku. I1in yac mpoBefeHHA JOCHKeHHA Oyl10 BUKOPUCTAHO AN METOHIB: aHasi3, 30KpeMa
NOPiBHAIBHMUIL, CUHTe3, 6i0miorpadis, cucremarusanis Ta kareropusania. Takoxx 6y/10 3aJy4eHo [BOeTAITHUI HiOXix y
BUIJIAJ CCT€MAaTU30BAHOTO OIMIAMLY JIiTepaTypy. POSIIAHYTO KOMIIEKC TeMOIMHAMIYHMX 3MiH, 1IJ0 BUHMKAE Y BariTHNX,
AK y HOpMi, Tak i mpu marosorii, 30kpeMa y BariTHUX 3 fedekToM MiKiepencepmHoi nepeTnHku. KoHkperusosaHe
NUTAHHA, YOMY TeMOAMHAMIYHI 3MiHM Ha6yBa10Tb HaJOI/IbIIOr0 3HAYEHHA y III TpumecTpi BariTHOCTI, iX BIUIMB Ha
nepebir BariTHOCTI Ta pe3y/IbTaT 3aBeplleHH: IO/IOTiB. BUCBITIeHO TeMy TOCTPUX Ta XPOHIUHNX YCK/IafHEHDb fe(eKTy
MiXIIepefiCepHOI MePEeropofKM Ta CydacHi NMPMHIMIN IX TONepelKeHHA Ta niKyBaHHA. OKpeMy yBary HpuIileHO
MeTOZaM KOpeKIlii 3a3Ha4eHOl Baiu CepIiA 3 ypaXyBaHHAM iX IlepeBar, HeflO/iKiB Ta MOX/IMBUX YCKIaJHEHb. PosrnanyTo
TOCBiJ| IIepMHAaTaIbHUX LEHTPIB PAMY KPAiH E€pponn Y BEJleHHi BaTriTHOCTEN y )KiHOK 3 BalaMy CEPLIEBO-CYJMHHOI CUCTEMM,
30KpeMa 3 fieeKTaMy MbKIepecepAHOI IepeTMHKI. 3aIlIOBHEHO IPOTa/INHI Y 3HAHHAX IOfI0 PO3IIOBCIOKEHOCTI JaHNX
Baj Ta QaxropiB pusuxy. Ilix yac nmpoBemeHHA JOCIIIPKEHHA BUPIIIeHO NMPOOIeMy BiICYTHOCTI BCeOIYHMX IOIIAXIB
Ha JjaHy npo6iemy: Bix maTo¢isionorivyHux ocHoB Ta emifemiosnoriii, go nikyBaHHA Ta MomMikanii pakTopiB pusuKy.
HocnifkeHHA Mae MMPOKY IPAKTUYHY IiHHICTb I MEAVYHMX IPalliBHMUKIB, TaK K BOHO MOXX€ CIIyTyBaT¥ OCHOBOIO
I po3poOky HpodiTaKTMYHUX MPOrpaM Ta iHIIMX iHTEPBEHI[iNl 0[O BariTHOCTeI >KiHOK 3 BPOIKEHNMMM BaJaMu
PO3BUTKY CEPLIEBO-CYAMHHOI CUCTEMU

KAIO4OBi CAOBA: BpomKeHi Bajy pO3BUTKY; recTallis; CEPLEBO-CYAMHHI YCKIagHeHHs; GaKTOPU PUSKUKY; BiKpUTE
OBajIbHE BiKHO; JIET€HEBA IillepTeH3ist
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