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Abstract

The aim of this research was to study the parameters of fetal ultrasound imaging and Doppler ultrasound study in pregnant
women with extragenital diseases (EGDs) during the treatment regimes with and without hyperbaric oxygen therapy (HBOT).

Materials and Methods: A total of 235 pregnant women were examined prospectively at 5 to 40 weeks of gestation. The
main group included 191 women with EGDs (anemia, arterial hypertension, chronic pyelonephritis); the control group included
44 women with physiological pregnancy without EGDs. Evaluation of treatment efficacy was based on data from clinical and
laboratory findings before treatment and after its completion. The following hardware methods of research were performed:
ultrasonography, fetometry, dopplerometric study of fetoplacental complex.

Results: Based on data obtained from this study, the following findings were made:

- In the early stages of gestation, there were no disturbances in fetoplacental blood circulation.

- Starting the 19th week of pregnancy, there is a significant increase in the uterine artery resistive index in pregnant women
with arterial hypertension.

- In women with a high perinatal risk on the background of the studied EGDs, the third trimester of pregnancy, despite the
ongoing conventional treatment, is characterized by persistent impairment in fetoplacental blood circulation.

- The inclusion of HBOT in complex therapy in the early stages of pregnancy in women with a high perinatal risk allows
leveling out the inevitable disturbances in fetoplacental blood circulation on the background of the studied EGDs. (International
Journal of Biomedicine. 2018;8(3):206-212.)
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Abbreviations

AH, arterial hypertension; BPD, biparictal diameter; CRL, crown-rump length; ChP, chronic pyelonephritis; CT, conventional
treatment; EGDs, extragenital diseases; FPC, fetoplacental complex; FL, femur length; HBO, hyperbaric oxygen; HBOT,
HBO therapy; IUGR, intrauterine growth retardation; MCA, fetal middle cerebral artery; NT, nuchal translucency; NBL, nasal
bone length; PR, perinatal risk; PI, placental insufficiency; PB, premature birth; RCH, retrochorial hematoma; RA, radial artery;
RI resistive index,; SA, spiral artery; TAD, transverse abdominal diameter; TCD, transverse cerebellar diameter; UmA, umbilical
artery; UtA, uterine artery.

Introduction (23%).") The onset and development of pregnancy against the
background of such EGDs as anemia, AH, and ChP, occurs

In recent years, extragenital diseases (EGDs) have in conditions of angiopathy, primarily of the uterus vessels.?
occupied a leading position (28%) in the structure of causes Angiopathy contributes to the unavoidable development of

of maternal mortality in developed countries and Russia placental insufficiency during all EGDs.®
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Anemia in pregnancy is a major public health and
economic problem worldwide and contributes to both maternal
and fetal morbidity and mortality.*® Anemia, even in early
pregnancy has been associated with adverse pregnancy
outcome.” Clinical manifestations include fetal growth
restriction, preterm delivery, low birth weight,® impaired
lactation, poor maternal/infant behavioural interactions, post
partum depression and increased fetal and neonatal mortality.*9

Pyelonephritis in pregnancy confers a high risk of maternal
complications and preterm birth.® Serious morbidity associated
with pyelonephritis in pregnancy is common. Sepsis and septic
shock occur secondary to pyelonephritis more frequently than
secondary to any other infectious process during pregnancy.(”
Acute respiratory distress syndrome complicates approximately
1-8.5% of pyelonephritis cases.!!:1?

High blood pressure during pregnancy poses various
risks, including decreased blood flow to the placenta, placental
abruption, intrauterine growth restriction, premature delivery,
preeclampsia, and Cesarean delivery.

Since the late 70s, some authors in Russia have tried to
treat both acute hypoxia in labor and fetal growth restriction
secondary to placental insufficiency with HBO."*-' HBO has
been used for threatened abortion, fetal hypoxia, toxemias of
pregnancy, and diabetes in pregnant women. The research
found that HBO was invaluable in improving both placental
blood flow and O, diffusion at the cellular level."” XM Xiao
and colleagues reported that HBOT could reduce the values of
systolic/diastolic ratio and the pulse index in umbilical arteries
of late-onset fetal growth restriction patients, could improve
the uteroplacental microcirculation and neonatal birth weight.
HBOT is an effective method for the treatment of late-onset
fetal growth restriction.!”

The effects of HBO are based on the gas laws, and
the physiological and biochemical effects of hyperoxia.
HBO has complex effects on immunity, oxygen transport
and hemodynamics. The positive therapeutic effects come
from a reduction in hypoxia and edema.!® Infections, injury,
and disease increase tissue demands for oxygen while such
problems as anemia, toxins and hemorrhage can decrease the
body’s ability to transport oxygen via hemoglobin. Delivery
of 100% oxygen under pressure allows plasma to carry much
more oxygen and reduces the importance of hemoglobin-
based delivery.!"”? 100% oxygen dissolved in plasma can be
delivered from capillaries to tissues at least three times farther
than delivered when carried by hemoglobin alone.*2?

When hemoglobin drops to critical levels to disallow
proper oxygen delivery, hyperbaric oxygen therapy may
be used as bridge therapy to emergently supply oxygen. To
address severe anemia in trauma or illness, the future may well
afford the use of hyperbaric oxygen therapy in the military
far-forward, in pre-hospital EMS settings, in trauma center
emergency departments, in operative and recovery units, and
in intensive care units of hospitals.?"

HBO has been shown to be a valuable adjunct to the
medical and surgical treatment of various infections. Host
defense mechanisms against infection are impaired by hypoxia
and oxygen has an adjunct effect with antibiotics.?*?%

HBO restores the bactericidal capacity of leukocytes

in hypoxic wounds by increasing tissue oxygen tensions.*
HBO has been observed to activate many mechanisms,
including accelerated macrophage infiltration®® and improved
antibactericidal capacity.®”

Hyperbaric oxygen (HBO) has been found to be useful
in the management of various cardiovascular disorders.®® The
effectiveness of HBOT on selected divers suffering hypertension
was shown in the pilot study by Minthara Benny. *” Lopez-
Calderon and colleagues showed that HBO therapy reduced BP
and decreased vascular reactivity to angiotensin II in the coronary
arteries of hypertensive rats. These changes were associated with
a decrease in the expression of AT1Rs.C?

The value of hyperbaric oxygen is now well appreciated
in human medicine and accepted as treatment for many
indications.®? HBO has shown a therapeutic effect when used
for various pathologies.®® The use of HBO during pregnancy
has been shown to be safe.(*3)

The aim of this research was to study the parameters
of fetal ultrasound imaging and Doppler ultrasound study in
pregnant women with EGDs during the treatment regimes
with and without HBOT.

Materials and Methods

The study was performed in Municipal clinical hospital
Ne29 named after N.E. Bauman (clinical base of RUDN
University). The study was conducted in accordance with
ethical principles of the Declaration of Helsinki.

A total of 235 pregnant women were examined
prospectively at 5 to 40 weeks of gestation. Depending on the
presence of EGDs, the women were divided into 2 groups.
The main group included 191 women with EGDs; the control
group included 44 women with physiological pregnancy
without EGDs.

Depending on the nature of EGDs, the main group was
divided into three groups: Group 1 comprised 88 pregnant
women withanemia (code ICD-X: 099.0-anemiacomplicating
pregnancy, childbirth and the puerperium), Group 2 comprised
50 pregnant women with AH (code ICD-X: O10 - pre-existing
hypertension complicating pregnancy, childbirth and the
puerperium), and Group 3 comprised 53 pregnant women with
ChP (code ICD-X: 023.0 - kidney infection in pregnancy). In
turn, the three groups were divided into subgroups, depending
on the nature of the therapy: conventional treatment (CT) or
CT+HBOT. All examined women with EGD belonged to a
group with high perinatal risk (PR). We identified the degree
of PR based on the scale developed by O.G. Frolova and
E.I. Nikolaeva (1981) and modified in by V.E. Radzinsky et
al.(2003). According to this modified scale, there is three
level of PR: low risk (<15points), moderate risk (from 15 to
20 points), and high risk (>25 points).

Inclusion criteria were singleton pregnancy, high PR,
and voluntary informed consent to HBOT.

Exclusion criteria were cancer, multiple pregnancies,
signs of placental abruption and the contraindications to
the use of HBOT (an untreated pneumothorax (absolute
contraindication) and relative contraindications (a history of
epilepsy, viral infectios, pacemaker, claustrophobia, etc.).
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Evaluation of treatment efficacy was based on data from
clinical and laboratory findings before treatment and after
its completion. The following hardware methods of research
were performed: ultrasonography, fetometry, dopplerometric
study of fetoplacental complex.

Ninety-eight women of the main group received the
HBOT sessions (excess air pressure 1.3-1.5 atm in a pressure
chamber) in addition to CT. We used Monoplace Hyperbaric
Oxygen Therapy Chamber BLKS-307-«Khrunichev» (Russia),
equipped with air-conditioning 54-58A and designed to conduct
sessions in a high-pressure oxygen environment. The mode
is one excess atmosphere.*® The course includes 5-7 daily
sessions lasting 40 minutes each. The first course was carried
out in 6-9 weeks, the second in 16—18 weeks, and the third in
24-28 weeks of pregnancy.

Statistical analysis was performed using the Statistica 8.0
software package (StatSoft Inc, USA). Baseline characteristics
were summarized as frequencies and percentages for categorical
variables. Continuous variables were presented as mean (M) +
standard error of the mean (SEM). T test was used for comparison
between two groups with a normal distribution of the quantitative
characteristic. Mann-Whitney U test and Kruskal-Wallis test
were used, respectively, to compare means of 2 and 3 or more
groups of variables not normally distributed. Group comparisons
with respect to categorical variables are performed using chi-
square tests. Multiple comparisons were performed with one-way
ANOVA and post-hoc Tukey HSD test. A probability value of
P<0.05 was considered statistically significant.

Results and Discussion

The analysis of ultrasound data in the first trimester in
patients with a high PR revealed no significant differences in
the main fetometric parameters (CRL, NT, NBL) depending
on EGDs. However, a number of characteristic changes were
detected during the ultrasound scanning (Table 1).

RCH was not found in the control group compared to
the main group, except for the CT+HBOT subgroups. Thus, in
pregnant women with AH, RCH was detected significantly more
often (P<0.05) compared to those with anemia and ChP (24% vs.
14.3% and 15.4%, respectively). Ultrasonic signs of chorionitis
were diagnosed significantly more often in Group 3 (30.8%),
while this symptom was not detected in the control group and
Group 2 (P<0.05). Pregnant women of Group 1 showed signs of
chorionitis in 5.7% of cases; there were no significant differences
between subgroups. Reduction of amniotic fluid volume and
fetal egg size was diagnosed in two (4.5%) women of the control
group, whereas this symptom was significantly more frequent
(P<0.05) in the main group (Table 1).

Reduced fetal egg size and changes in the yolk sac (cystic
changes, decrease in size) were detected more often (P<0.05)
in women of the main group. In Group 1, this symptom was
diagnosed in 29.5% of cases, which was significantly more
often compared to the control group and Groups 3 and 2
(4.5%, 13.2% and 20%, respectively).

Fetometry data

Fetometry in 20-22 gestational weeks showed a
statistically significant decrease (£<0.05) in BPD, TAD and FL
in Group 1 against the background of CT in comparison with
CT+HBOT and the control group (Table 2). In other subgroups,
no significant differences were found. However, there was a
tendency to increased sizes of BPD, TAD, FL and TCD in the
CT+HBOT subgroups compared to the CT subgroups.

Thus, it can be assumed that a decrease in the size of
BPD, TAD and FL in the period of 20-22 weeks of gestation in
the group of women with anemia who received CT is the most
important reason for justifying the timing for HBOT.

We found significant differences in a number of
analyzed fetometric parameters in 29-32 gestational weeks
(Table 3). Significant decreases (P<0.05) in BPD, TAD and FL
were found in all pregnant women with a high PR against the
background of EGDs in comparison with the control group.

Table 1.
Ultrasonic data in the first trimester of pregnancy
Patient Groups RCH Chorionitis | RAFV +RFES |RFES and changes
in the yolk sac
_ 6 (14.3%) 11 (26.2%) 13 (30.9%)
CT(n=42) *P=0.0431 2 (4.8%) *P=0.0048 *P=0.0011
Group 1
CT+HBOT 0 3.(6.5%) 11 (23.9%) 13 (28.3%)
(n=46) 27 *P=0.0048 *P=0.0011
24.0°
5 CT (n=25) ooy 0 > (20.0%) > (20.0%)
& ¥4 P *P=0.0766 #P=0.0766
Group 2 =0.0385
g
3 CT+HBOT 0 0 5 (20.0%) 5(20.0%)
= (n=25) *P=0.0766 *P=0.0766
_ 4 (15.4%) 8 (30.8%) 9 (34.6%)
CT (n=26) *P=0.0819 *P=0.0155 *P=0.008 4 (15.4%)
Group 3
CT+HBOT 0 9 (33.3%) 9 (33.3%) 3 (11.1%)
(n=27) #P=0.01 *p=0.01 A
Control group (n=44) 0 0 2 (4.5%) 2 (4.5%)
Total (n=235) 16 (6.8%) 22(9.3%) 52 (22.1%) 45 (19.1%)

RAFV - reduced amniotic fluid volume; RFES- reduced fetal egg size *- statistically significant differences
between the subgroup and control group; **- statistically significant differences between two subgroups
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However, in the CT+HBOT subgroups, the values of BPD,
TAD and FL were significantly greater (£<0.05) compared to
the CT subgroups.

Table 2.
Fetometry data in 20-22 gestational weeks, mm
Patient Groups BPD TAD FL TCD
or 50.6:-0.8 | 47.3+0.9 | 37.3+0.9 | 21.8+0.4
2l a2 | FP<0.001| *P<0.001 | #P<0.001 | #P<0.001
g %5P<0.001| ¥*P<0.001 [**P=0.004/**P=0.013
S | CT+HBOT| 52.240.7 | 49.940.4 | 305, o | 22.4+0.4
m=46) | *P=0.086 | *P=0.031 | 393108 [+p5 093
5o lcr 51.640.9 | 49.3+0.9 | 38.3+0.7 | 22.1+0.3
E | (=25 | *P=0.046 | *P=0.056 | *P=0.021 | *P=0.038
£l 8
g | 5 |CTHHBOT 53005 | 51.0+0.6 | 39.4+0.5 | 22.840.3
p= (n=25)
. lcr 50.740.8 | 1305 137,608 | 22.040.5
= sk D— N *k D— 3k D—|
S| (126) | P0.002 |G g | P-0.005 | #0027
S | CT+HBOT 38.9+0.9
o [ 517208 | 503505 | 300 | 23.0403
Control group 53.6+0.4 | 51.3+0.5 | 40.1+0.3 | 23.6+0.3
(n=44)
Total (n=235) 51.9+40.7 | 49.4+1.8 | 38.7+0.7 | 22.5+0.3

*- statistically significant differences between the subgroup and control
group; **- statistically significant differences between two subgroups

Table 3.
Fetometry data in 29-32 gestational weeks, mm
Patient Groups BPD TAD FL TCD
CT 69.3+0.9 | 72.3+0.9 | 51.1+0.4 | 32.3+0.7
- (n=42) *P<0.001 | *P<0.001 | *P<0.001 | *P<0.001
% **P<0.001|**P<0.001|**P<0.001 | **P<0.001
S | CT+HBOT| 75.340.6 | 80.9+0.4 | 56.6+0.5 | 35.5+0.7
(n=46) *P<0.001 | *P<0.001 | *P<0.001 | *P=0.084
a 72.3+0.7 | 80.3+0.8 | 50.9+0.4
2|« ((35:25) #P<0.001 | *P<0.001 | *P<0.001 |,30207
;0 %‘ **P<0.001|**P<0.001|**P<0.001 )
& | S | CT+HBOT| 77.4+0.8 57.6+0.4
= (25) | *P=0.003| 840206 | ipT537 | 38.040.3
CT 68.9+0.9 | 73.3+0.9 | 51.9+0.5 | 33.0+0.8
« (n=26) *P<0.001 | *P<0.001 | *P<0.001 | *P<0.001
%* **P<0.001|**P<0.001|**P<0.001 |**P<0.001
S | CT+HBOT| 76.2+0.8 | 79.5+0.5* | 57.0+0.4 36.140.7
(n=27) *P=0.029 | *P<0.001 | *P=0.005 =
Control group
(n=44) 79.5+0.3 | 85.3+0.3 | 60.0+0.2 | 37.3+0.2
Total (n=235) 74.140.7 | 79.3+0.6 | 55.0+0.4 | 35.4+0.5

*- statistically significant differences between the subgroup and control
group; ** statistically significant differences between two subgroups

The lagged size of TCD was found in the CT subgroups
of Groups 1 and 3, while in the CT+HBOT subgroups, TCD
did not differ significantly from the control group.

According to the data of fetometry, [UGR was detected
in all women of the main group with a high PR (Table 4).

Table 4.
IUGR frequency in pregnant women with a high PR
. IUGR, degree
Patient Groups Total
I 1 0
_Jer 8 (19.0%) 11(26.2%)
o |m=42)  |*P=0.036|3 1) 0 ) wpgoag
o
5 EESBOT 6(13.0%)| 0 0 | 6(13.0%)
= 5 (20.0%
gﬂ L CTE29) 3020 280%) |0 3 $200%)
[} o
£1] 2 [CT+HBOT
5| S |y T pazow| o 0 | 3(12.0%)
5 (19.29
T |CTe20) i 20| 0 A
o
5 (CHE%BOT 3(111%)| 0 0 3 (11.1%)
Control
(n(’:‘llf“)’ group 2 (4.5%) 0 0 2 (4.5%)
Total (n=235) D5(10.6%) 7(29%)| 0 | 36(153%)

*- statistically significant differences between the subgroup and control
group; **- statistically significant differences between two subgroups

In the control group, IUGR (only degree I) was diagnosed
only in 4.5%. At the same time, the total frequency of [IUGR
was significantly higher in the CT subgroups compared to the
CT+HBOT subgroups (>2.0-fold increase). In addition, in the
CT+HBOT subgroup of Group 1, we found IUGR of degree
I compared to degree I and II (7.1%) in the CT subgroup.
Similar features were observed in subgroups of Group 3. The
inclusion of HBOT in complex therapy in Group 2 contributed
to a significant decrease (P<0.05) in IUGR frequency (a 1.7-
fold decrease) in the CT+HBOT subgroup.

Dopplerometric study of FPC

Theleading pathogenetic mechanism for the formation of
primary PI in women with EGDs is hemodynamic disturbances
in the vascular bed of the uterus. Hemodynamic disorders
occurring in the placenta originate in the early gestation period
and are aggravated with different EGDs. Abnormal uterine
artery Doppler findings have shown a significant correlation
with the risk of adverse perinatal outcomes such as small for
gestational age and admission to Neonatal Intensive Care
Units (NICU).® Zemel et al., has demonstrated that changes
occur in the maternal circulation as early as the first trimester
in women who develop pre-eclampsia and [UGR.®

A Doppler blood flow study in 6-9 gestational weeks did
not reveal significant differences in RI of the uterine, radial
and spiral arteries (Table 5) depending on the nature of EGDs
and the therapy mode. In addition, there were no significant
differences between the main group and the control group.

Doppler assessment of blood flow in UtA and UmA in
19-22 gestational weeks showed (Table 6) that, in general,
in pregnant women with anemia and ChP, regardless of the
nature of the therapy mode, RI of UtA and UmA did not differ
significantly from the values of the control group. Significant
changes were observed in women with AH: a significant
increase in RI of UtA in the CT subgroup was found in
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comparison with the CT+HBOT subgroup, the control group,
and Groups 1 and 3, regardless of the mode of therapy.

Table 5.

A Doppler blood flow study in pregnant women with a high PR (6-9
gestational weeks)

RI
UtA RA SA

0.51+0.006
*P=0.018

Patient Groups

CT (n=42) |0.66+0.003 | 0.66+0.004

Group 1
CT+HBOT

(=46) 0.68+0.004 | 0.66+0.004

0.52+0.007

0.71£0.004 | 0.69+0.004

CT(=25) | “p<0.001 | *P=0.002

0.55+0.007

Group 2
CT+HBOT

n=25)
CT (n=26)

0.56+0.007
*P=0.004

Main group

0.69+0.004 | 0.67+0.004

0.67+£0.002 | 0.65+0.009 | 0.54+0.006

Group 3 CT+HBOT

(0=27)
Control group (n=44)
Total (n=235)

0.68+0.004 | 0.66+0.004 | 0.54+0.007

0.68+0.004 | 0.66:+0.004 | 0.54+0.007
0.66+0.003 | 0.66+0.004 | 0.53+0.006

*- statistically significant differences between the subgroup and
control group

Table 6.

Doppler assessment of blood flow in UtA and UmA in 19-22
gestational weeks

RI
Patient Groups
UtA UmA
- 0.780.005
CT(n=42) |  0.54+0.003 ikt
Group 1
?g;%?OT 0.50+0.004 0.75:0.005
. 0.67+0.004
z CT(=25) |  *P<0.001 A
5| Group 2 #%P<(.001 :
= %E;%?OT 0.54-0.002 0.76:£0.004
_ 0.700.006
Group 3| CTO20) | 05340.002 o
%EZI;I?OT 0.52+0.004 0.73£0.004
Control group (n=44) 0.52+0.004 0.74+0.004
Total (n=235) 0.64-0.003 0.730.005

*- statistically significant differences between the subgroup and control
group, **- statistically significant differences between two subgroups

Changes in maternal-fetal circulation in 29-32 gestational
weeks are shown in Table 7. In Group 1, a significant decrease
in RI of UtA was detected in the CT subgroup, whereas in the
CT+HBOT subgroup this indicator did not differ from the
control values. In the CT subgroup, against a background of
reduced RI of UtA, we found a significant increase (P<0.05) in

RI of UmA and MCA compared to the control group and Group
3. At the same time, in the CT+HBOT subgroup, we found
normalization in RI of MCA during 29-32 gestational weeks.

In Group 3, there were no significant blood-flow
disturbances in MCA, but a significant increase in RI of UtA
and UmA in the CT subgroup was diagnosed compared to the
control group and the CT+HBOT subgroup.

Table 7.

Doppler assessment of maternal-fetal circulation in 29-32 gestational
weeks

RI
Patient Groups U UmA MCA
t m
0.34£0.003 | 0.76£0002 | 0.74=0.002
CT(n=42) | *P<0.001 | *P<0.001 | *P<0.001
Group 1 #£Pp<(.001 | *£P<0.001 | **P<0.001
CTHABOT | 43,0002 | 065:0.003 | 0.70+0.002
(n=46)
o 0.67£0.003 | 0770002 | 0.75+0.002
2 CT(=25) | *P<0.001 | *P<0.001 | *P<0.001
5| Group 2 #£p<(.001 | *£P<0.001 | **P<0.001
S (CIIT:;%BOT 0.50+0.002 | 0.68£0004 | 0.71+0.002
0.53+0.002
CT(=26) | *P<0.001 | FI%0002 10.70.40.002
Group 3 **P<(.001 )
CTHHBOT | ) 44:0.003 | 0.66:0002 | 0.70+0.002
(n=27)
Control group (n=44) 0.45+0.002 | 0.64+0.002 | 0.69+0.002
Total (n=235) 0.40£0.002 | 0.69+0.002 | 0.75+0.002

*- statistically significant differences between the subgroup and control
group, **- statistically significant differences between two subgroups

In Group 2, a significant increase in RI of UtA, UmA and
MCA was diagnosed in the ST subgroup (P<0.05). At the same
time, in the CT+HBOT subgroup, we found normalization
of maternal-fetal circulation, although the tendency for an
increase in RI was traced.

In conclusion, HBOT in complex therapy in women
with a high PR contributed to a significant decrease in IUGR
frequency. In all patients of the CT+HBOT subgroups, we
found IUGR only of degree I compared to degrees I (12%)
and II (8%) in the CT subgroups. Thus, HBOT in complex
therapy allows improving the function of FPC and reducing
the incidence of PI in pregnant women with a high PR against
the background of EGDs.

Analysis of ultrasound changes in the first trimester of
pregnancy showed that such signs as “reduced fetal egg size”
and “changes in the yolk sac” in the early stages of gestation
are highly correlated with ITUGR (r=0.67, P<0.01). Out of
26 women with anemia and with reduced fetal egg size and
changes in the yolk sac, [IUGR was diagnosed in 65.3%, in
7(77.8%) out of 9 women with ChP, and in 8(80%) out of 10
women with AH. Thus, ultrasound examination of women
with EGDs in early stages of pregnancy allows identifying a
high-risk group for premature birth.
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Based on the data presented, we can conclude the
following:

- In the early stages of gestation, there were no
disturbances in fetoplacental blood circulation.

- Starting the 19th week of pregnancy, there is a
significant increase in RI of UtA in pregnant women with AH.

- In women with a high PR on the background of the
studied EGDs, the third trimester of pregnancy, despite the
ongoing CT, is characterized by persistent impairment in
fetoplacental blood circulation.

- The inclusion of HBOT in complex therapy in the
early stages of pregnancy in women with a high PR allows
leveling out the inevitable disturbances in fetoplacental blood
circulation on the background of the studied EGDs.
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