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AHHOTALMA

06ocHoeaHue. HecMoTps Ha 3HaUMTENBHOE KOIMYECTBO MCCIIEA0BAHMWIA, NOCBALLEHHBIX NpobieMe NpeaknaMmncum, Ao HacTos-
LLiero BpEMeHU MHOr1e BOMpOChI, CBA3aHHbIE C 3TMONOrMEN, NaTOreHe30M W Tepanuei JaHHOW| NaTonorum, Aanekn oT OKOHYa-
TenbHOro peLuequs. IMeHHO noaToMy nepep, aKyLuepaMu-rHeKonoraMu CToUT HenpocTas 3afaya BbipaboTKM paLmMoHanbHoM
TaKTUKU BefeHUs U pofopaspeLleHns bepeMeHHbIX € NpeaknaMmcueil C y4eToM BCEX PUCKOB [J1S 300POBbS KaK MaTtepy, TaK
u ee bynyulero pebeHka. Mouck Hambonee MHGOPMATMBHBIX METOLOB AUArHOCTUKM HapyLUEHUI GYHKLUMM NeYeHn Npy Hapac-
TaHUM TAXKECTM NPE3KIaMICUM BECbMa aKTyaneH. [enatobunuapHas cuctemMa HeceT MHOrO(YHKUMOHAMbHYH HarpysKy B nepu-
0f, recTaLiv 1 OJHOM M3 NEpPBbIX pearupyeT Ha HapacTaHWe TAXECTU Npe3knamncun. HYpessbluaitHo BaxeH BbIbOp npuopuTeT-
HbIX BUOXMMUUECKMX NOKa3aTeNei KpoBK, OTpaXaoLLMX QYHKLMOHANBHOE COCTOSHIUE NEYEHM NPU NPE3KIaMNCUK, CNOCOBHBIX
CTaTb LONOMHUTENbHBIMU KPUTEPUAMM ANA NPeLoTBPaLLEHUs MaTEPUHCKMX M MEPUHATAIbHBIX OCNOKHEHMI.

Llen uccnedosaHus — v3y4nTb U MPOAHANM3UPOBATh M3MEHEHUS! PYHKLMM NeYeHW NPY NPE3KNaMICKW, ONPeLennTb KpuTe-
pUM pa3BUTUS NMEYEHOYHO-KITETOYHOM HEOCTATOYHOCTU KaK MOKa3aTens Nepexofa K TSKENOoN CTeneHW NpeaknaMrcum U no-
JIMOPraHHON HEAOCTAaTOYHOCTY.

Mamepuanel u Memodel. BknioueHbl 123 6epeMenHble. | rpynny (n = 40) cocTaBUnM NaLMEHTKM ¢ Npe3KiaMncuen bes usme-
HeHui GyHKUMKM neyenm, [l rpynny (n = 33) — c npeaknamncueit u HapyweHueM dyHKumM nedenu, |l rpynny (n = 50) — ¢ ¢pm-
3M0NI0rMYeCKU NpoTeKatoLLei bepeMeHHOCTLH0. BceM bepeMeHHbIM BbINOMHANM BUOXUMUYECKWIA aHaIU3 KPOBU C ONpeLeneHn-
€M oKa3aTenei LuTonu3a (aKTMBHOCTY anaHMHaMMHOTpaHcepasbl, acnapTaTaMuHoTpaHcdepasbl M rnyTaMaTAerMaporeHassl,
a TaKkxe KoadduumeHTa e Putuca), xonectasa (aKTMBHOCTU LienoyHol docdaTtasbl U raMMa-rIloTaMUATpaHCNenTaAsbI,
YpoBHeW 06LLero 1 NpsamMoro 6UnMpybrHa 1 KeNUHbIX KUCHOT), NeYEHOYHO-KNETOUHON HEAOCTATOYHOCTY (QKTUBHOCTU XOJTUH3-
CcTepasbl U JTAKTaTAErMaporeHassl, ypoBHeii 0bLero 6enka, anbbyMMHa M MOYEBMHBI), @ TAKXKE KJIMHUYECKUIA aHanu3 KpoBu
W aHanu3 rokasatenei CBepTbIBAOLLEN cuCTeMbl KpoBW. bepeMeHHbIX ¢ npeaknamncuen Habniofanu B yCNoBusX nanarbl
MHTEHCUBHO Tepanuu, rAe OCYLLECTBASIN MOHUTOPUHT BUTANIbHBIX QYHKLMA.

Pe3synemamel. Begylwiym cMHAPOMOKOMMIEKCOM NPW HapaCTaHWW TSXKECTU MPE3KNaMNCK Bbil LMTONUTUYECKUA CUHAPOM
C YMEpPEHHbBIM MOBbLILLEHWEM aKTUBHOCTM TpaHCaMUHa3 (NpeobnafaHneM aKTMBHOCTM alaHMHaMUHOTPaHC(epasbl Haj aKTUB-
HOCTbH) acnapTaTaMuHoTpaHcdepasbl). B cBasu ¢ atum KoapduumeHT pe Putuca coctaBun Menee 1,0. Mpu pas3sutium ne-
YEeHOYHO-KNIETOYHON HEAOCTAaTOYHOCTW OTMEeYany NpeobnajaHue aKTMBHOCTW acnapTaTaMUHOTpaHcdepasbl Haf aKTUBHOCTbIO
anaHWHamMuHoTpaHcdepasbl (KoadduumeHT ae Putica bbin Boiwe 1,33). BoisBneHo Takke NoBLILLEHWE aKTUBHOCTY IyTaMart-
AerMaporeHassl U nakTataernaporeHasel. Cpegy nokasatenen xonecrasa 0TMEYEHO NOBbILLEHUE YPOBHSA npsaMoro 6unmpybu-
Ha. [Te4eHOYHO-KNETOYHYI0 HEeAOCTAaTOHHOCTb XapaKTEpPU30Baso CHKEHWE aKTUBHOCTM XOJIMHICTEpa3bl, @ TaKIKe KOHLEHTpa-
uni obuero benka u anbbymuHa. B rpynne 6epeMeHHbIX C MPe3KNaMNcKUen BbISBIEHO CTAaTUCTUHECKU 3HAYUMOE CHUKEHUE
YpOBHeW reMornobuHa u TpoMboLmMToB.

3akntoyenue. V3MeHeHre GyHKLMM NEYEHW NpU NPE3KNIAMNCUM OTPaXKaeT HapacTaHWe TAXECTU AaHHOro 3aboneBaHus 1 cBu-
LEeTeNbCTBYET O Pa3BUTUM MOSMOPraHHOW HELOCTaTOMHOCTW. B ee TepMWHaNbHOWM CTaaWM NpOSBAAKTCA TPU CUHAPOMOKOM-
MnfeKca — LMTONMTUYECKMIA, XONECTaTUUYECKMIA M NeYeHOYHO-KIeToYHas HeoCTaTouHOCTb.

KnioueBble cnosa: Npe3aksaMncua; UMTonn3s; xonectas; ne4eHOYHO-KeToyHaa HeaoCTaTOYHOCTb; NMNOSIMOPraHHaa HepoCTaTo4-
HOCTb.

Kak uutupoBatb
Hectkosa H.B., AiinamassaH 3.K., KyssMurbix TY, Mapuenko H.B. OcobeHHocTv yHKLMM neyeHy npu npeaknamncum // ypHan akyLiepcTBa v XKeHCKUX
bonesHeit. 2023. T.72. N2 4. C. 59-69. DOI: https://doi.org/10.17816/JOWD409413

Pykonucb nonyyena: 11.05.2023 Pykonucb opobpena: 14.07.2023 Ony6nukoBaHa: 31.08.2023

A
SKO®BEKTOP CraTba noctynHa no nuuerain CC BY-NC-ND 40 International
© 3Ko-Bexop, 2023


https://creativecommons.org/licenses/by-nc-nd/4.0/deed.ru
https://crossmark.crossref.org/dialog/?doi=10.17816/JOWD409413&domain=PDF&date_stamp=2023-09-28

60

ORIGINAL RESEARCH Vol 72 (4) 2023 Journal of Obstetrics and Women's Diseases
DOI: https://doi.org/10.17816/JOWD409413

Characteristics of liver function in patients
with preeclampsia

Natalia V. Zhestkova' 2, Eduard K. Ailamazyan® 23, Tatyana U. Kuzminykh', Natalia V. Marchenko"*

! Saint Petersburg State University, Saint Petersburg, Russia;

2 The Research Institute of Obstetrics, Gynecology and Reproductology named after D.0. Ott, Saint Petersburg, Russia;
% Academician I.P. Pavlov First Saint Petersburg State Medical University, Saint Petersburg, Russia;

* Academician A.M. Granov Russian Scientific Center for Radiology and Surgical Technologies, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Despite a significant number of studies devoted to the problem of preeclampsia, to date, a large number of
issues related to the etiology, pathogenesis, and therapy for this pathology remain far from a final solution. That is why ob-
stetricians always face the difficult task of developing rational tactics for the management and delivery of pregnant women
with preeclampsia, one has to take into account all the risks to the health of both the mother and her unborn child. Therefore,
relevant is the search for the most informative methods for diagnosing liver dysfunction with an increase in the severity of
preeclampsia. The hepatobiliary system is known to carry a multifunctional load during gestation and is one of the first to re-
spond to an increase in the severity of preeclampsia. It is, therefore, crucial to choose priority biochemical parameters of blood
that reflect liver function in preeclampsia, which can be used as additional criteria for making an obstetric decision in order to
prevent maternal and perinatal complications.

AIM: The aim of this study was to analyze alterations in liver function in preeclampsia, in order to determine the criteria for
the development of hepatic cell insufficiency as indicators of the transition to severe preeclampsia and multiple organ failure.
MATERIALS AND METHODS: This study included 123 pregnant women, of which group | (n = 40) consisted of pregnant women
with preeclampsia without changes in liver function, group Il (n = 33) was made up of pregnant women with preeclampsia and
impaired liver function, while group Il (n = 50) only comprised pregnant women with normal pregnancy. All pregnant women
underwent a biochemical blood test with the determination of the parameters of cytolysis (aspartate aminotransferase, ala-
nine aminotransferase, glutamate dehydrogenase, De Ritis ratio), cholestasis (alkaline phosphatase, total and direct bilirubin,
gamma-glutamyl transpeptidase, bile acids), and hepatic cell insufficiency (cholinesterase, total protein, albumin, urea, lactate
dehydrogenase), as well as a clinical blood test and coagulation tests. Pregnant women with preeclampsia were observed in
the intensive care unit, with vital functions monitored.

RESULTS: The leading syndrome complex with increasing severity of preeclampsia was the cytolytic one, in which the levels
of transaminases increased moderately with a predominance of alanine aminotransferase over aspartate aminotransferase
activities (the De Ritis ratio was lesser than 1.0). With the development of hepatic cell insufficiency, aspartate aminotransferase
activity dominated over alanine aminotransferase one (the De Ritis ratio was greater than 1.33). We also found an increase in
glutamate dehydrogenase and lactate dehydrogenase activities and, among the cholestatic parameters, in the level of direct
bilirubin. Hepatic cell insufficiency was characterized by a decrease in the activity of cholinesterase and decreased total pro-
tein and albumin concentrations. In the group of pregnant women with preeclampsia, we found a decrease in hemoglobin and
platelet counts.

CONCLUSIONS: Altered liver function in preeclampsia reflects an increase in the severity of the pathology and indicates the
development of multiple organ failure. In its terminal stage, all syndrome complexes manifest themselves as cytolytic, chole-
static and hepatic cell insufficiencies.

Keywords: preeclampsia; cytolysis; cholestasis; hepatic cell insufficiency; multiple organ failure.
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BACKGROUND

For many years, preeclampsia has been a major problem
in modern obstetrics. The etiology and pathogenesis of
this disease that complicates pregnancy and labor are yet
unknown [1]. Severe preeclampsia is a leading cause of
maternal and perinatal complications and mortality [2].
Preeclampsia is not a pathology of a single organ or system
but rather a multisystem dysfunction syndrome leading to
multiorgan failure.

The liver is not a specific target organ in preeclampsia.
However, because of its involvement in fetal intrauterine
development processes, functional stress in physiologically
normal pregnancy becomes one of the first links of multisys-
tem dysfunction in the severe course of preeclampsia.

It is believed that liver function is not altered in the early
stages of preeclampsia but invariably altered as the disease
progresses [3].

Generalized endothelial damage underlying preeclampsia
also occurs in the liver. There is a spasm of hepatic vessels
and a disturbance in hepatic blood flow under the influence
of powerful vasoconstrictors, as well as local disorders of
the blood coagulation system with the formation of fibrin
microthrombi in sinusoids, leading to necrosis of hepatocytes
and the death of endothelial and Kupffer cells. As a result,
many reactive oxygen radicals and hydrogen peroxide are
produced, stimulating the lipid peroxidation processes of
liver lipids. Cytokines, eicosanoids, and biologically active
substances are released at the same time. A so-called
closed system is developed, with each element supporting
the apoptosis of hepatic cells. In this case, only timely
delivery can save a woman from the fatal consequences of
liver failure [3, 4].

Three main laboratory syndromic complexes are used to
determine the presence of one or more hepatopathies: cy-
tolytic, cholestatic, and liver-cell failure. The cytolytic syn-
drome is characterized by the destruction of the hepatocyte
membrane and release into the bloodstream of the primary
“signal” enzymes — alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), and, in the case of mitochon-
drial damage, glutamate dehydrogenase (GLDH). The “depth”
of hepatic-cell damage is reflected by the so-called de Ritis
coefficient, the AST/ALT ratio, which is normal at 1.3 + 0.43.
The calculation of this coefficient is believed to be more sig-
nificant in determining the degree of damage and necrosis
of hepatocytes than assessing the activity of these enzymes
separately. Cholestatic syndrome reflects disturbance of
processes of bile formation and outflow through the bili-
ary system, and bile ducts become a target for pathological
process development. The primary markers of cholestasis
are alkaline phosphatase and gamma-glutamyltranspepti-
dase (GGTP) activity, levels of bilirubin, and bile acids. Liver-
cell failure is primarily characterized by a decrease in total
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protein and albumin levels and blood coagulation system
indicators synthesized in the liver, as well as cholinesterase
activity, and may include changes indicative of cytolysis and
cholestasis [5].

Preeclampsia liver damage is primarily diagnosed by
laboratory findings, such as increased ALT, AST, and uric
acid levels, decreased albumin, and a relative increase in
globulin concentration with unchanged bilirubin levels [6].
Even moderate changes in liver tests are believed to indi-
cate the presence of systemic damage and characterize
the course of preeclampsia as severe. hemolysis, elevated
liver enzymes, and low platelets (HELLP) syndrome and
acute fatty liver dystrophy are two additional “dramatic”
pregnancy hepatopathy variants. Both diseases are patho-
genetically different but are linked by characteristic changes
in hepatobiliary system function, expressed by changes in
cytolysis, cholestasis, and, most importantly, liver-cell fail-
ure. The clinical diagnosis of liver damage in preeclampsia,
acute fatty liver dystrophy, and HELLP syndrome is challeng-
ing due to the similarity of changes in laboratory parameters
in these diseases and the lack of their specific biochemical
markers [7-11]. Considering the highest risks of maternal
and perinatal complications, immediate delivery has been
and remains the main method of patient care. A liver biopsy
is impossible and inexpedient during pregnancy. The patho-
logical morphological picture of liver damage in severe
preeclampsia is characterized by the presence of fibrin and
fibrinogen deposits, thin fatty dystrophy of hepatocytes, in-
trahepatic and subcapsular hemorrhages, and, in especially
severe cases, necrosis of hepatocytes. Fatty liver dystrophy
of varying intensity occurs in all pregnant women with pre-
eclampsia. However, its severity does not correspond with
the severity and duration of preeclampsia or changes in bio-
chemical parameters [12-14].

The study aimed to investigate and analyze the changes
in liver function in preeclampsia and determine the criteria for
developing hepatic-cell failure as an indicator of the transition
to severe preeclampsia and multiorgan failure.

MATERIALS AND METHODS

Pregnant women were examined and treated at
the Department of Pregnancy Pathology of the Research
Institute of Obstetrics, Gynecology and Reproductology
named after D.0. Ott. Some of the pregnant women with
severe preeclampsia were monitored at other obstetric
institutions in St. Petersburg and Leningrad Oblast; these
patients were included in the study in case of highly
unfavorable maternal or neonatal outcomes.

Pregnant women were divided into three groups:
group | (n = 40) included patients with preeclampsia without
changes in liver function, group Il (n = 33) included patients
with severe preeclampsia and liver dysfunction, and group llI
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(n=50) included patients with physiologically normal
pregnancy.

All pregnant women underwent physical and laboratory
examinations, which included extended determinations of
blood biochemical parameters, blood coagulation system,
and clinical blood analysis. Pregnant women in groups | and Il
were treated in an intensive care unit with an anesthesiolo-
gist—anesthesiologist—resuscitator, allowing for continuous
monitoring of vital functions (heart rate, blood pressure,
blood oxygen saturation, hourly diuresis, and proteinuria). All
pregnant women with preeclampsia and patients with physi-
ologically normal pregnancies underwent fetometry, Doppler,
and cardiotocographic examinations. Pregnant women with
preeclampsia underwent mandatory ultrasound examination
of the abdominal cavity organs. All of the patients were given
therapeutic counseling. Pregnant women with severe pre-
eclampsia were also examined by an ophthalmologist and
a neurologist.

Biochemical blood parameters included markers of cy-
tolysis (ALT, AST, and GLDH activities), cholestasis (alkaline
phosphatase and GGTP activities, total and direct bilirubin
levels, and bile acids), and hepatic-cell failure (cholinester-
ase and lactate dehydrogenase activities and total protein,
albumin, and fibrinogen levels). The most important clini-
cal blood analysis markers were hemoglobin and platelet
levels.

Severe preeclampsia was diagnosed using the criteria
in the clinical recommendations of the Russian Ministry
of Health “Preeclampsia. Eclampsia. Edema, proteinuria
and hypertensive disorders during pregnancy, childbirth
and postpartum period” 2021. Pre-eclampsia is defined
as a pregnancy, childbirth, and postpartum complication
characterized by a systolic blood pressure level of 140 mmHg

Table 1. Characteristics of the study groups
Tabnuua 1. XapaktepucTuku rpynn obcnegyeMbix bepeMeHHbIX
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or higher, a diastolic blood pressure of -90 mmHg or higher
in combination with proteinuria, or at least one symptom
of multiorgan failure. Moderate preeclampsia includes
the above indicators, and proteinuria is defined as 0.3 g or
more per day or 0.3 g/L or more in two portions of urine
obtained at 6-h intervals. Severe preeclampsia is defined
as systolic blood pressure of 160 mmHg or higher, diastolic
blood pressure of =110 mmHg or higher, and proteinuria of
5 g or higher per day or 3 g/L or higher in two portions of
urine obtained at 6-h intervals.

RESULTS

Three groups of pregnant women were formed for
the study, two of which comprised pregnancy-related
pathology — preeclampsia, and the third is physiologically
active pregnancy. Because the study aimed to assess
changes in blood biochemical parameters characterizing
liver function in preeclampsia, the need to compare these
parameters with those in physiologically normal pregnancy
was clear. Group | included pregnant women with severe
preeclampsia who had not yet been complicated by
multiorgan failure, one of the manifestations of which was
liver dysfunction. Group Il included pregnant women with
severe preeclampsia and manifestation of multiorgan failure
in the form of liver dysfunction. The disease first appeared in
group | at 36.65 + 2.45 weeks of gestation and in group Il at
33.45 + 3.23 weeks.

As shown in Table 1, pregnant women in all three
groups were comparable in age, with a median age of
30.50 (26.00-35.25) in group 1, 31.00 (27.00-34.00) in group I,
and 32.00 (28.00-35.00) years in group lIl. Preeclampsia was
present in 65% and 81.8% of first-time mothers and 35% and

. Group | Group Il Group lll
Indicator (n = 40) (n=33) (n=50)
Age, Me (Q,-Q,), yr 30.50 31.00 32.00
(26.00-35.25) (27.00-34.00) (28.00-35.00)
First-born women, n (%) 26 27 14
(65.00) (81.80) (28.00)
Repeat births, n (%) 14 b 36
(35.00) (18.20) (72.00)
Delivery time, 37.00 34.00 39.00
Me (Q,-Q,), weeks of gestation (35.00-39.00) (31.00-37.00) (38.00-39.00)
Term labor, n (%) 21 9 50
(53.80) (27.30) (100.00)
Preterm labor, n (%) 19 24 0
(47.50) (72.70) (0.00)
Delayed labor, n (%) 0 0 0
(0.00) (0.00) (0.00)

Note. Me (Q,-Q;) — median, upper, and lower quartiles.

0Ql: hitps://dot.org/ 10.17816/ JOWD40D9413



OPUTVHATIBHBIE VICCITEJOBAHA

Table 2. Clinical manifestations of preeclampsia
Tabnuua 2. KnuHuyeckme nNposBneHns NpeakiaMncum
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Preeclampsia index Group | (n=40) | Group Il (n=33)

Statistical significance of differences

between indicators
Group lll (n = 50)

Groups | Groups | Groups Il
and Il and Il and lll
Edema Generalized Generalized Absent - - -
Proteinuria, Me (Q,-Q;), g/L 1.45 1.50 0.00 p>0.05 p<0.001 p <0.001
(0.47-2.80) (0.50-2.82) (0.00-0.00)

Systolic blood pressure, 150.00 150.00 110.00 p>0.05 p <0.001 p <0.001
Me (Q,-Q5), mmHg (140.00-168.50)  (138.75-161.25)  (100.00-112.00)
Diastolic blood pressure, 93.50 90.00 65.00 p>0.05 p <0.001 p < 0.001

Me (0,-Q,), mmHg (90.00-100.00)  (89.75-100.00)

(60.00-70.00)

Note. Me (Q,-Q;) — median, upper, and lower quartiles.

18.2% of second-time mothers in groups | and I, respectively.
It is worth noting that in group Il with liver function changes
in 72% of patients, the labor was preterm and the term
of delivery was 34.00 (31.00-37.00) weeks of gestation,
whereas in group | without liver function changes, the rate
of preterm labor was 475% and the term of delivery was
37.00 (35.00-39.00) weeks of gestation. There were no
preterm births in group Il with physiologic pregnancy, and
the delivery time was 39.00 (38.00-39.00) weeks. All three
groups had singleton pregnancies.

The “classical triad” of clinical manifestations of pre-
eclampsia (edema, hypertension, and proteinuria) was ob-
served in both groups of pregnant women with preeclampsia
(I and 11). According to the presented data (Table 2), both
groups were comparable in terms of proteinuria, blood pres-
sure, and severity of edema syndrome, which corresponded
to the severe preeclampsia criteria. There was no edema and
proteinuria in Group lIl. Blood pressure remained within nor-
mal ranges.

The blood biochemical parameters and coagulograms in
the three groups examined are described below.

Table 3. Cytolytic parameters
Taénuua 3. Mokasatenu uutonusa

Indicators of cytolysis

As shown in Table 3, the group of pregnant women with
preeclampsia and liver dysfunction had the most pronounced
increase in blood transaminase activity: ALT activity
was 107.20 (64.00-345.40) units/L, and AST activity was
90.70 (52.10-189.00) units/L, which were statistically
significantly higher than the groups with preeclampsia
without liver dysfunction and with physiologically normal
pregnancy. There were no statistically significant differences
in transaminase levels between groups | and Ill. The de Ritis
coefficient values were not significantly different in
groups with physiologic pregnancy (lll) and preeclampsia
without liver dysfunction (I) and were 1.30 (1.04-1.48) and
1.48 (1.19-1.77), respectively. The group of pregnant women
with preeclampsia and liver dysfunction (II) had the lowest
de Ritis coefficient, 0.84 (0.64—1.02), which was statistically
significantly lower (p < 0.001) than groups | and IIl.

Serum GLDH levels increased in both groups with pre-
eclampsia (I and Il), 11.45 (7.12-15.79) and 17.88 (15.28-44.97),
respectively, with no statistically significant differences.

Cytolysis index Group | (n=40) | Group Il (n=33)

Statistical significance of differences

between indicators
Group Il (n = 50)

Groups | Groups | Groups Il
and Il and Il and Il

Alanine aminotransferase 14.75 107.20 16.70 p <0.001 p>0.05 p <0.001
(normal, 5-30), units/L (12.60-20.55)  (64.00-345.40)  (13.80-22.45)
Aspartate aminotransferase 22.10 90.70 21.10 p < 0.001 p>0.05 p < 0.001
(normal, 5-35), units/L (18.00-26.48) (52.10-189.00) (18.45-25.03)
de Ritis coefficient 1.48 0.84 1.30 p < 0.001 p<0.05 p < 0.001
(normal, 0.8-1.3), units/L (1.19-1.77) (0.64-1.02) (1.04-1.48)
Glutamate dehydrogenase 11.45 17.88 2.79 p>0.05 p>0.05 p < 0.001
(normal, less than 5), units/L (7.12-15.79) (15.28-44.97) (2.36-3.25)

Note. Data are presented as median, upper, and lower quartiles.
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However, there were statistically significant differences
between preeclampsia and hepatic dysfunction groups and
physiologic pregnancy groups [2.79 (2.36-3.25)]. The highest
GLDH level was observed in the group of pregnant women
with preeclampsia and liver dysfunction.

Indicators of cholestasis

Table 4 presents data on the cholestasis syndrome. In
all examined groups, total bilirubin values did not exceed
the reference values. Total bilirubin levels were higher in
the group with preeclampsia and liver dysfunction, where
this index was 12.38 (8.71-26.30) mmol/L, which was higher
(p < 0.001) than in the preeclampsia group without liver
dysfunction [8.00 (5.62—10.10) mmol/L] and in the group with
physiologically normal pregnancy [8.50 (6.77-11.82) mmol/L].
Direct bilirubin levels differed similarly, with the highest
level in the preeclampsia and liver dysfunction group
[4.36 (1.71-13.70)], which was statistically significantly
higher than the other two groups [1.75 (0.88-2.28) mmol/L
in the preeclampsia group without liver dysfunction and
2.29 (1.45-2.96) mmol/L in the group with physiologic
pregnancy, p < 0.05].

In terms of alkaline phosphatase activity, the groups
with preeclampsia and liver dysfunction [135.60 (118.00-
194.70)] and without hepatopathy [138.15 (82.30-169.77)]
(p < 0.05) were not significantly different (p < 0.05), but
there was a trend toward an increase in this activity when
compared with the data in the group with physiologic preg-
nancy [111.80 (94.25-137.95)]. GGTP values did not differ
between the groups of preeclampsia without hepatic dys-
function [13.55 (9.30-19.68) mmol/L] and physiologic preg-
nancy [10.75 (7.80-13.30) mmol/L], but this index was sig-
nificantly higher in the group of preeclampsia with hepatic
dysfunction than in the group with physiologic pregnancy

Table 4. Cholestatic parameters
Ta6nuua 4. MNoka3atenu xonecrasa
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29.45 (23.72-35.95) mmol/L (p < 0.001). Bile acid levels did
not exceed reference values in all study groups but were
higher in the group of preeclampsia with hepatic dysfunction
[4.30 (2.33-8.67) mmol/L] than in the groups of preeclamp-
sia without hepatic dysfunction [3.83 (3.83-3.83) mmol/L]
and physiologic pregnancy [3.08 (2.28-5.28) mmol/L]
(p < 0.05).

Indicators of hepatic-cell failure

Table 5 shows the data for hepatic cellular insufficiency.
Total protein in both groups of patients with preeclampsia
(I and 1) did not differ significantly 54.28 (49.09-56.81) and
52.21 (47.30-55.74) g/L, respectively, but this index was
significantly lower in both groups than in the group of
physiologic pregnancy [59.98 (58.96—62.02) g/L] (p < 0.001).
Similarly, albumin levels did not differ across groups of
patients with preeclampsia [25.20 (22.40-27.49) g/L in
group | and 25.07 (21.53-28.41) g/L in group Il; p > 0.05],
but were lower than in the physiologically pregnant group
[30.77 (29.22-31.86) g/L) (p < 0.001)]. The cholinesterase
activity levels in groups | and Ill were not significantly
different. They were 6.04 (5.60-6.38) and 6.12 (5.56-
6.42) kEd/L, respectively (p > 0.05); however, these values
were significantly higher than in patients with preeclampsia
and hepatic dysfunction [5.11 (2.78-5.84) kEd/L] (p < 0.001).
Blood urea levels did not exceed the reference values
in the study groups. It was lowest in the group with
physiologic pregnancy (2.94 [2.55-3.43] mmol/L. It was
3.88 (2.63-4.48) mmol/L in patients with preeclampsia without
hepatic dysfunction, whereas it was 4.98 (3.83-8.06) mmol/L
in the group of preeclampsia with hepatic dysfunction.

Lactate dehydrogenase activity was also higher
in the group of pregnant women with preeclampsia
and liver dysfunction [750.75 (492.87-1095.80)] than in

Indicators of cholestasis Group | (n = 40)

Group Il (n = 33)

Statistical significance of differences
between indicators

Group Il (n =50)

Groups | Groups | Groups Il
and Il and Il and Il

Total bilirubin 8.00 12.38 8.50 p < 0.001 p>0.05 p<0.05
(normal, 3.5-20.5), mmol/L (5.62-10.10) (8.71-26.30) (6.77-11.82)
Direct bilirubin 1.75 4.36 2.29 p<0.05 p<0.05 p<0.05
(normal, 0-3.4), mmol/L (0.88-2.28) (1.71-13.70) (1.45-2.96)
Alkaline phosphatase 138.15 135.60 111.80 p>0.05 p>0.05 p<0.05
(normal, 80-270), units/L (82.30-169.77)  (118.00-194.70)  (94.25-137.95)
Gamma-glutamyl 13.55 29.45 10.75 p<0.05 p>0.05 p < 0.001
transpeptidase (9.30-19.68) (23.72-35.95) (7.80-13.30)
(normal, 5-50), units/L
Bile acids (normal, 2.5-8.1), 3.83 4.30 3.08 p>0.05 p>0.05 p<0.05
pmol/L (3.83-3.83) (2.33-8.67) (2.28-5.28)

Note. Data are presented as median, upper, and lower quartiles.
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Table 5. Hepatic cell insufficiency parameters
Ta6nuua 5. MNoka3aTtenu neyeHoYHO-KIETOYHON HEAOCTaTOYHOCTH
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The liver-cell failure rate

Group | (n = 40)

Group Il (n = 33)

Statistical significance of differences
between indicators

Group lll (n = 50)

Groups | Groups | Groups Il
and Il and Il and lll

Total protein 54.28 52.21 59.98 p>0.05 p <0.001 p <0.001
(normal, 62-80), g/L (49.09-56.81) (47.30-55.74) (58.96-62.02)
Albumin 25.20 25.07 30.77 p>0.05 p < 0.001 p < 0.001
(normal, 35-51), g/L (22.40-27.49) (21.53-28.41) (29.22-31.86)
Cholinesterase 6.04 5.1 6.12 p>0.05 p>0.05 p<0.05
(normal, 4.7-10.4), kU/L (5.60-6.38) (2.78-5.84) (5.56-6.42)
Urea (normal, 1.7-8.2), 3.88 4.98 2.94 p<0.05 p<0.05 p <0.001
mmol/L (2.63-4.48) (3.83-8.06) (2.55-3.43)
Lactate dehydrogenase 44970 750.75 334.40 p < 0.001 p < 0.001 p < 0.001

(normal, 0-450), units/L (393.00-520.10)

(492.87-1095.80)

(276.98-358.40)

Note. Data are presented as median, upper, and lower quartiles.

the group with preeclampsia without liver dysfunction
[449.70 (393.00-520.10)] and the group with physiologically
normal pregnancy [334.40 (276.98-358.40)] (p < 0.001).
Table 6 shows data on the state of the blood
coagulation system. Only the prothrombin index differed
significantly between the group with physiologic pregnancy
[114.00 (112.00-117.00)%] and the preeclampsia group without
hepatic dysfunction [129.50 (116.00-145.05)%] (p < 0.001).
The corresponding values in the preeclampsia group with
hepatic dysfunction [140.00 (94.00-156.00)1%) revealed no
significant differences with the data in the other groups
(p>0.05), with a higher median value, which may be

explained by the increased variability of this characteristic
in this group.

Thrombin time values in the groups of physiologic
pregnancy and preeclampsia without hepatic dysfunction were
not significantly different (p > 0.05), at 14.55 (13.90-15.25)
and 15.00 (14.50-15.93) s, respectively, but were significantly
lower than in the group of preeclampsia with hepatic
dysfunction [16.20 (15.10-17.30) s] (p < 0.05). When comparing
the group of preeclampsia without hepatic dysfunction
[0.91 (0.88-0.95)] and the group of physiological pregnancy
[0.94 (0.89-0.98)] the values of the international normalized
ratio did not differ (p > 0.05), but there was a significant

Table 6. Coagulation test parameters, hemoglobin and platelet concentrations in the study groups
Ta6nuua 6. Mokasatenu ceepTbIBatoLLEN CUCTEMBI KPOBM, reMornobuHa, TpomMbouuTtos

Indices of blood coagulation
system, hemoglobin,

Group | (n = 40)

Group Il (n=33)

Statistical significance of differences
between indicators

Group Il (n = 50)

and platelets Groups | Groups | Groups Il
and Il and Il and Il

Prothrombin index 129.50 140.00 114.00 p>0.05 p < 0.001 p>0.05
(normal, 70-130), % (116.00-145.05)  (94.00-156.00)  (112.00-117.00)
Thrombin time 15.00 16.20 14.55 p<0.05 p>0.05 p<0.05
(normal, 11-17), s (14.50-15.93) (15.10-17.30) (13.90-15.25)
International 0.9 0.86 0.94 p<0.05 p>0.05 p <0.001
normalized ratio (0.88-0.95) (0.80-0.90) (0.89-0.98)
(normal, 0.9-1.4)
Activated partial 0.87 0.89 0.87 p>0.05 p>0.05 p>0.05
thromboplastin time (0.84-0.94) (0.85-0.98) (0.85-0.89)
(normal, 0.8-1.2)
Fibrinogen 5.00 4.24 442 p<0.05 p>0.05 p>0.05
(normal, 2-4), g/L (4.52-5.64) (3.39-5.24) (4.10-5.21)
Hemoglobin 115.50 111.00 122.00 p>0.05 p>0.05 p>0.05
(normal, 120-160), g/L (106.75-123.25)  (102.00-122.00)  (117.00-127.75)
TpomMboumThl 194.00 145.00 201.50 p<0.05 p>0.05 p <0.001

(normal, 140-400 x10°/L)

(162.50-234.50)

(95.00-227.00)

(174.75-245.75)

Note. Data are presented as median, upper, and lower quartiles.
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decrease in this index in the group of preeclampsia with
hepatic dysfunction [0.86 (0.80-0.90)] compared with the data
of other groups. In pairwise comparisons of all groups,
the activated partial thromboplastin time values did not differ
(p > 0.05).

The fibrinogen level differed significantly between
groups with preeclampsia: it was 5.00 (4.52-5.64) g/L
in the absence of hepatic dysfunction and 4.24 (3.39-5.24) g/L
in its presence (p < 0.05), but there were no differences
when the indicators were compared in groups | and Il and
group Ill. Hemoglobin level in patients with preeclamp-
sia was lower than in patients with physiologic pregnancy
[122.00 (117.00-127.75) g/Ll. When comparing the group
without hepatic dysfunction [115.50 (106.75-123.25) g/L] and
the group with hepatic dysfunction [111.00 (102.00-122.00) g/L]
(p > 0.05), there was no significant difference. Platelet count
was lowest in the group of patients with preeclampsia and
hepatic dysfunction [145.00 (95.00-227.00) x10°/L], which
was lower than the preeclampsia group without hepatic
dysfunction [194.00 (162.50-234.50) x10%/L] and the physi-
ologic pregnancy group [201.50 (174.75-245.75) x10%/L], with
no significant differences found when two groups were com-
pared.

DISCUSSION

Although biochemical laboratory tests are useful in
diagnosing liver diseases, they are not precisely specific
and do not guarantee diagnosis accuracy. Their results;
however, can be used to assess the involvement of
the liver in the pathological process and the degree of its
severity.

Aminotransferases are the most sensitive indicators of
hepatocyte damage. According to the present studies, as
the severity of preeclampsia increases, ALT and AST activity
increases three to five time times from the upper limit of
normal, except in cases of multiorgan failure with extremely
unfavorable outcomes for the mother, and transaminase
activity increases 10- to 20-fold. The predominance of ALT
activity over AST activity is a characteristic feature of severe
preeclampsia, and the de Ritis coefficient (AST/ALT) is less
than 1.0.

When ALT activity is higher than AST activity, similar
changes occur in acute viral hepatitis. AST activity may
be higher than ALT activity in the fulminant course of
viral hepatitis. The AST/ALT ratio is less than 1.0 in
nonalcoholic fatty liver disease (in the steatosis stage),
which is the hepatic component of metabolic syndrome,
and the activity of the transaminases themselves exceeds
the upper limit of normal no more than two to three
times, which is similar to the changes in these indicators
in preeclampsia. The de Ritis coefficient is thought to
indicate the duration and intensity of the pathologic process.
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Because AST has a relatively short half-life of 18 h and ALT
has a half-life of 36 h, the predominance of AST activity in
serum over ALT activity reflects the progressive destruction
of hepatocytes [15].

Given this, it should be noted that in severe preeclampsia,
the predominance of AST activity in relation to ALT activity
indicates the development of hepatic cellular failure. The same
indicator enzyme characterizing hepatocyte mitochondrial
damage is GLDH, whose dramatic activity increase similarly
predicts hepatic cellular failure development. It should be
noted that the increase in GLDH activity was also revealed in
group | with preeclampsia, where transaminase activity was
still within normal values, but the de Ritis coefficient increased
to 1.47 (with a norm of 1.33). Complementing the “picture”
of hepatic-cell necrosis is increased lactate dehydrogenase
activity. This nonspecific enzyme found not only in the liver
but also in the myocardium, kidneys, and skeletal muscle,
is considered nonspecific and indicates the development of
multiorgan tissue hypoxia. Lactate dehydrogenase activity
increased in both groups with preeclampsia compared with
the index in the group with physiologic pregnancy. This
indicator increased the most pronounced in the group with
severe preeclampsia (1), indicating the development of tissue
hypoxia and hepatic-cell failure.

It is known that the manifestations of cholestasis do
not result in preeclampsia. When considering hepatopathy
associated with pregnancy, the cholestatic syndrome takes
a higher priority in intrahepatic cholestasis of pregnant
women than in preeclampsia. However, as the severity
of preeclampsia increases, there is primarily an increase
in the level of total bilirubin, mainly due to direct
(parenchymatous) bilirubin, as well as alkaline phosphatase
activity, GGTP, and bile acid levels, reflecting the “total”
hepatobiliary system lesion.

The totality of all the above hiochemical indicators is
a criterion for developing hepatic cellular insufficiency
in preeclampsia. Determining cholinesterase activity is
equally important for assessing the severity of the path-
ological process in the liver. This enzyme belongs to
the a2-globulins and is synthesized in the ribosomes of
hepatocytes’ endoplasmic network. A decrease in enzyme
activity suggests enzyme breakdown and the develop-
ment of hepatic cellular failure, indicating the severity of
the pathological process. The group of pregnant women
with preeclampsia and liver dysfunction (II) significantly re-
duced cholinesterase activity.

The protein-synthetic function of the liver is the most
sensitive in the development of preeclampsia. However, due
to the needs of the developing fetus in the uterus, total protein
and albumin levels decrease in physiologic pregnancy. These
parameters were found to be significantly lower in groups
with preeclampsia. No significant differences were found in
pairwise analysis of the proteins of the blood coagulation
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system synthesized in the liver. This is explained by the fact
that in the study, the indicators of the blood coagulation system
could correspond to different “phases” of coagulopathy, from
hypercoagulation to hypocoagulation, particularly in cases of
severe preeclampsia with extremely unfavorable outcomes
for the mother. Groups with preeclampsia also had lower
hemoglobin and platelet levels than groups with physiologic
pregnancies.

CONCLUSIONS

1. Changes in liver function are one of the criteria for in-
creasing the severity of preeclampsia and indicate the
development of hepatic cell and multiorgan failure.

2. The primary cause of severe preeclampsia is cytolytic
syndrome, which is characterized by a moderate in-
crease in the activity of transaminases (ALT and AST).
In the early stages of the development of hepatic-cell
failure, ALT activity prevails in relation to AST, and the
de Ritis coefficient (AST/ALT) is less than 1.0. When
there are signs of hepatic cellular insufficiency, the
predominance of AST activity in relation to ALT is ob-
served as a result of more “deep” hepatocyte damage,
as well as the development of tissue hypoxia outside
the hepatobiliary system (de Ritis coefficient is higher
than 1.33).

3. GLDH is one of the most informative cytolysis enzymes
in severe preeclampsia. Increased activity of this enzyme
suggests the destruction of not only hepatocyte mem-
branes but also mitochondria, indicating significant liver-
cell damage. The increase in GLDH activity occurs before
the increase in the activity of ALT and AST.

4. The development of cholestatic syndrome is not charac-
teristic of preeclampsia, except in highly severe cases
with unfavorable outcomes. An increase in the bilirubin
level, mainly due to the direct fraction, is the main indica-
tor of cholestasis.

5. The criteria for the development of hepatic cellular fail-
ure in preeclampsia include an increase in cytolysis and

REFERENCES

1. Yusupova ZS, Novikova VA, Olenev AS. Current conceptions of pre-
eclampsia — pathogenesis, diagnosis, prediction. Practical Medicine.
2018;16(6):45-51. (In Russ.) DOI: 10.32000/2072-1757-2018-16-6-45-51
2. Ailamazyan EK, Zainulina MS, Kogan IYu, et al. Neotlozhnaya po-
moshch’ v akusherstve: rukovodstvo dlya vrachei. Moscow: GEOTAR-
Media; 2015. (In Russ.)

3. Shifman EM. Preeklampsiya. Eklampsiya. HELLP-sindrom. Petro-
zavodsk; 2002. (In Russ.)

4. Ivashkin VG. Cellular and molecular biology of liver inflamma-
tion. Russian Journal of Gastroenterology, Hepatology, Coloproctology.
1999;(5):13-15. (In Russ.)

Tom 72, N° 4, 2023

HypHaN arkyLEpCTBa W HeHCKVX GonesHen

cholestasis and a decrease in indicators of synthetic liver
function (cholinesterase activity, total protein level, al-
bumin level, and coagulation system proteins), which is
a prognostically very unfavorable factor.

ADDITIONAL INFORMATION

Funding. The study was carried out without the use of sponsor-
ship funds and financial support.

Conflict of interest. The authors state that there is no conflict
of interest.

Author contributions. N.V. Zhestkova — the concept and design
of the article, the collection and processing of material, writing the
text, editing; E.K. Ailamazyan, TU. Kuzminykh, N.V. Marchenko —
editing the article.

All authors made a significant contribution to the study and
preparation of the article, read and approved the final version before
its publication.

Ethics approval. The study was approved by the local Ethics
Committee of the FSBSI “The Research Institute of Obstetrics, Gy-
necology and Reproductology named after D.0. Ott” (protocol No. 54
of Dec 13, 2021).

A0NOSIHATESIbHAS UHOOPMALIUA

WUcTounuk dmHaHcupoBanmus. VccnenoBaHue  BbIMOAHEHO
6e3 1cnonb3oBaHUs CMOHCOPCKYMX CPEACTB M rHaHCoBOrO obecne-
YeHms.

KoHdnukT unTepecos. ABTOpbI 3a8BNAIOT 06 OTCYTCTBUM KOH-
(VKTa MHTEPECoB.

Bknap aBtopoB. H.B. J{ecmkoga — KoHuenuua u au-
3alH cTaTby, cbop n obpaboTka maTepmana, HanmmMcaHWe TEKCTa;
3.K. AtinamassH, TY. Kyaemunbix, H.B. MapyeHko — pepaktvpo-
BaHWe CTaTby.

Bce aBTOpbI BHECTI CYLLECTBEHHBIN BKIAZ, B MPOBEAEHME MCCTe-
[0BaHWA 1 MOAFOTOBKY CTaTbW, MPOYAM M ofobpunan duHanbHylo
Bepcuio neper, nybnmkaumen.

3Tnyeckoe yTBepxAaeHue. VccnenosaHve ofobpeHo noKanb-
HbIM 3TYeckuM KomutetoM OFBHY «HUI ATuP um. [1.0. OtTax (npo-
Tokon N@ 54 or 13.12.2021).

5. Podymova SD. Bolezni pecheni. Moscow: MIA; 2005. (In Russ.)
6. Shifman EM, Floka El, Vartanov VYa. Klinicheskaya otsenka
laboratornykh testov u bol'nykh s gestozom. Meditsinskii kur'er.
1992;(3):56-60. (In Russ.)

7. Surov AV. HELLP-sindrom v akusherstve. Akusherstvo i gine-
kologiya. 1997;(6):7-9. (In Russ.)

8. Abramovici D, Friedman SA, Mercer BM, et al. Neonatal out-
come in severe preeclampsia at 24 to 36 weeks' gestation: does the
HELLP (hemolysis, elevated liver enzymes, and low platelet count)
syndrome matter? Am J Obstet Gynecol. 1999;180(1 Pt 1):221-225.
DOI: 10.1016/s0002-9378(99)70178-x

0Ql: hitps://dot.org/ 10.17816/ JOWD40D9413

67


https://doi.org/10.32000/2072-1757-2018-16-6-45-51
https://doi.org/10.1016/s0002-9378(99)70178-x

68

ORIGINAL RESEARCH

9. PalichevaEl, Artymuk DA. Mechanisms of acute fatty liver pregnan-
cy: an up-date. Mother and Child in Kuzbass. 2018;(3):4-11. (In Russ.)
10. Castro MA, Goodwin TM, Shaw KJ, et al. Disseminated intra-
vascular coagulation and antithrombin Il depression in acute fatty
liver of pregnancy. Am J Obstet Gynecol. 1996;174(1 Pt 1):211-216.
DOI: 10.1016/s0002-9378(96)70396-4

11. Reyes H. Acute fatty liver of pregnancy: a cryptic disease threat-
ening mother and child. Clinics in Liver Disease. 1999;3(1):69-81.
DOI: 10.1016/51089-3261(05)70054-4

12. Galina TV, Devyatova EA, Gagaev ChG. Preeklampsiya: novye
aspekty patogeneza, kontseptsii skrininga i profilaktiki. Obstet-

CMUCOK JIUTEPATYPbI

1. HOcynoga 3.C., Hoeukoga B.A., OneHes A.C. CoBpeMeHHble npea-
CTaBNEHWSA 0 NPe3KaMNCUU — NaToreHes, AMarHoCTVKa, MporHo-
3upoBaHue // Mpaktnyeckas Meamumna. 2018. T 16. N° 6. C. 45-51.
DOI: 10.32000/2072-1757-2018-16-6-45-51

2. AnnamaszsH 3K, 3annynmia M.C., Koran W.10. v ap. HeotnoxHas
MOMOLLb B aKyLLIEPCTBE: PYKOBOACTBO Ans Bpayeit. Mockea: [30TAP-
Mepwa, 2015.

3. lwndman EM. Mpeaknamncus. knamncms. HELLP-cuHapom.
Metpo3aBoack, 2002.

4. WBawkuH B.I. KnetouHas 1 MonekynsipHas buonorvs Bocnane-
HWs NeYeHu // POCCUIACKIIA KypHan racTpo3HTeponorm, renaroso-
v, KononpokTonorum. 1999. N2 5. C. 13-15.

5. [logbimMoBa C.[l. BonesHun neyenn. Mocksa: MUA, 2005.

6. LUndman EM., Oroka E.N., BapTaHos B.fl. KnuHndeckas oueHKa
nabopaTopHbIX TECTOB Y BOMbHLIX C recTo30M // MeaULMHCKWIA Ky-
pbep. 1992. Ne 3. C. 56-60.

7. Cypos AB. HELLP-cuHapoM B akyLuepcTae // AKyLLepcTBO U rv-
Hekonorus. 1997 N2 6. C. 7-9.

8. Abramovici D., Friedman S.A., Mercer B.M,, et al. Neonatal out-
come in severe preeclampsia at 24 to 36 weeks' gestation: does the
HELLP (hemolysis, elevated liver enzymes, and low platelet count)
syndrome matter? // Am. J. Obstet. Gynecol. 1999. Vol. 180. No. 1.
Pt. 1. P. 221-225. DOI: 10.1016/50002-9378(99)70178-x

AUTHORS INFO

* Natalia V. Zhestkova, MD, Cand. Sci. (Med.);

address: 7-9 Universitetskaya Emb.,

Saint Petersburg, 199034, Russia;

ORCID: 0000-0001-8078-3524; ResearcherlD: N-5303-2015;
Scopus Author ID: 57175940900; eLibrary SPIN: 6014-8153;
e-mail: zhestkova@me.com

* Corresponding author / ABTop, OTBETCTBEHHbIN 3@ NEpPenicKky

Vol. /2 (4) 2023

Journal of Obstetrics and Women's Diseases

rics and gynecology: News, Opinions, Training. 2017:((3(17)):66-77.
(In Russ.)

13. Sultonova NM. The risk factors for pre-eclampsia in pregnant
women and the ways of its reduction. Nauka molodykh (Eruditio
Juvenium). 2015;(2):67-74. (In Russ.)

14. Sherlok Sh, Duli Dzh. Zabolevanie pecheni i zhelchevyvo-
dyashchikh putei: prakticheskoe rukovodstvo. Moscow; 1999.
(In Russ.)

15. Botros M, Sikaris KA. The de ritis ratio: the test of time. Clin Bio-
chem Rev. 2013;34(3):117-130.

9. Mannuesa EN., AptoiMyk [1.A. CoBpeMeHHbIN B34 Ha Me-
XaHW3Mbl (OPMMPOBaHMA OCTPOA XKMPOBOM AMCTPODMM Mede-
H¥ npu bepemenHocTv // Matb 1 [uta B Kysbacce. 2018. N 3.
C. 4-11.

10. Castro M.A,, Goodwin TM., Shaw K.J., et al. Disseminated intra-
vascular coagulation and antithrombin Il depression in acute fatty
liver of pregnancy // Am. J. Obstet. Gynecol. 1996. Vol. 174. No. 1. Pt. 1.
P. 211-216. DOI: 10.1016/s0002-9378(96)70396-4

11. Reyes H. Acute fatty liver of pregnancy: a cryptic disease threat-
ening mother and child // Clinics in Liver Disease. 1999. Vol. 3. No. 1.
P. 69-81. DOI: 10.1016/S1089-3261(05)70054-4

12. TanuHa TB., [leBatoBa E.A., [araes Y.I. peaknamncus: HoBble
aCMeKTbl MaToreHe3a, KOHUENUMM CKPUHUHTA U MPodUnaKTKKL //
Axywepcteo 1 ruHekonorus. Hosoctn. MHeHus. 06ydenme. 2017
N2 3(17). C. 6671

13. CyntoHoBa H.A., Haepy3os 3.P. ®akTopbl pucka pa3suvis mnpe-
3KNaMNcumM y bepeMeHHbIX 1 NyTn ee cHKeHus // Hayka Monompix
(Eruditio Juvenium). 2015. N° 2. C. 67—74.

14. Wepnok L., Oynm k. 3aboneBaHne neyeHn 1 xen4eBbiBoas-
LUMX MyTeR: NpaKTMYecKoe pyKkoBoaCTBo. Mockea, 1999.

15. Botros M., Sikaris K.A. The de ritis ratio: the test of time // Clin.
Biochem. Rev. 2013. Vol. 34. No. 3. P. 117-130.

Ob ABTOPAX

* Hatanbs BnapmmuposHa XecTkoBa, KaHg. Meq. Hayk;
agpec: Poccus, 199034, CankT-[leTepbypr,
YHuBepcuTeTCKas Hab., a. 7-9;

ORCID: 0000-0001-8078-3524; ResearcherlID: N-5303-2015;
Scopus Author ID: 57175940900; eLibrary SPIN: 6014-8153;
e-mail: zhestkova@me.com

0Ql: hitps://dot.org/ 10.17816/ JOWD40D9413


https://doi.org/10.1016/s0002-9378(96)70396-4
https://doi.org/10.1016/S1089-3261(05)70054-4
https://doi.org/10.32000/2072-1757-2018-16-6-45-51
https://doi.org/10.1016/s0002-9378(99)70178-x
https://doi.org/10.1016/s0002-9378(96)70396-4
https://doi.org/10.1016/S1089-3261(05)70054-4
https://orcid.org/0000-0001-8078-3524
https://www.webofscience.com/wos/author/record/N-5303-2015
https://www.scopus.com/authid/detail.uri?authorId=57175940900
https://elibrary.ru/author_profile.asp?spin=6014-8153
https://orcid.org/0000-0001-8078-3524
https://www.webofscience.com/wos/author/record/N-5303-2015
https://www.scopus.com/authid/detail.uri?authorId=57175940900
https://elibrary.ru/author_profile.asp?spin=6014-8153

OPUTVHATIBHBIE VICCITEJOBAHA

Eduard K. Ailamazyan, MD, Dr. Sci. (Med.), Professor,
Honoared Scientist of the Russian Federation,

Academician of the Russian Academy of Sciences;

ORCID: 0000-0002-9848-0860; ResearcherlD: G-2219-2014;
Scopus Author ID: 6506821393;

eLibrary SPIN: 9911-1160;

e-mail: ailamazyan@icloud.com

Tatyana U. Kuzminykh, MD, Dr. Sci. (Med.), Assistant Professor;

ORCID: 0000-0002-6136-5324;
ResearcherlD: U-8950-2017;
Scopus Author ID: 56719818800;
eLibrary SPIN: 7747-6724;
e-mail: 9260@mail.ru

Natalia V. Marchenko, MD, Cand. Sci. (Med.);
ORCID: 0000-0002-6738-6417;

ResearcherlD: 0-8777-2014;

Scopus Author ID: 55342430200;

eLibrary SPIN: 7262-1746;

e-mail: drmarchenko@gmail.com

Tom 72, N° 4, 2023

HypHaN arkyLEpCTBa W HeHCKVX GonesHen

Jayapa Kapnosuu AitnamassH, o-p Mes. Hayk, npodeccop,
3acn. aeat. Hayku PO, akanemuk PAH;

ORCID: 0000-0002-9848-0860;

ResearcherID: G-2219-2014;

Scopus Author ID: 6506821393;

eLibrary SPIN: 9911-1160;

e-mail: ailamazyan@icloud.com

TaTtbsiHa YnbAHOBHA Ky3bMUHBIX, 4-p Me[l. HayK, AOLIEHT;
ORCID: 0000-0002-6136-5324;

ResearcherlD: U-8950-2017;

Scopus Author ID: 56719818800;

eLibrary SPIN: 7747-6724;

e-mail: 9260@mail.ru

Hartanbs BanepbeBHa MapueHko, kaHf. Mef. Hayk;
ORCID: 0000-0002-6738-6417;

ResearcherlD: 0-8777-2014;

Scopus Author ID: 55342430200;

eLibrary SPIN: 7262-1746;

e-mail: drmarchenko@gmail.com

0Ql: hitps://dot.org/ 10.17816/ JOWD40D9413

69


https://orcid.org/0000-0002-9848-0860
https://www.webofscience.com/wos/author/record/G-2219-2014
https://www.scopus.com/authid/detail.uri?authorId=6506821393
https://elibrary.ru/author_profile.asp?spin=9911-1160
https://orcid.org/0000-0002-9848-0860
https://www.webofscience.com/wos/author/record/G-2219-2014
https://www.scopus.com/authid/detail.uri?authorId=6506821393
https://elibrary.ru/author_profile.asp?spin=9911-1160
https://orcid.org/0000-0002-6136-5324
https://www.webofscience.com/wos/author/record/U-8950-2017
https://www.scopus.com/authid/detail.uri?authorId=56719818800
https://elibrary.ru/author_profile.asp?spin=7747-6724
https://orcid.org/0000-0002-6136-5324
https://www.webofscience.com/wos/author/record/U-8950-2017
https://www.scopus.com/authid/detail.uri?authorId=56719818800
https://elibrary.ru/author_profile.asp?spin=7747-6724
https://orcid.org/0000-0002-6738-6417
https://www.webofscience.com/wos/author/record/O-8777-2014
https://www.scopus.com/authid/detail.uri?authorId=55342430200
https://elibrary.ru/author_profile.asp?spin=7262-1746
https://orcid.org/0000-0002-6738-6417
https://www.webofscience.com/wos/author/record/O-8777-2014
https://www.scopus.com/authid/detail.uri?authorId=55342430200
https://elibrary.ru/author_profile.asp?spin=7262-1746

	Особенности функции печени при преэклампсии

	Аннотация

	Как цитировать



	Characteristics of liver function in patients with preeclampsia

	Abstract

	To cite this article


	Background
	Materials and methods
	Results
	Indicators of cytolysis
	Indicators of cholestasis
	Indicators of hepatic-cell failure

	Discussion
	Conclusions
	Additional information
	Дополнительная информация
	References
	Список литературы
	Authors info
	Об авторах


