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Abstract

Introduction: Podocalyxin (PCX) is an indicator of glomerular injury. Aside from the kidney; it is expressed in the endothelial cells
of various organs. Echographic examinations are useful in assessing the alterations in cardiovascular structure and function during
pregnancy.

Aim: The aim of the present study was to evaluate PCX concentrations in preeclampsia (PE) and to investigate the existence of associa-
tion between PCX levels and maternal echocardiographic and Doppler ultrasound parameters.

Materials and methods: Fifty-five women with PE were examined. The mean age of patients was 24.9+6 years; and the mean age of
the control group of 35 women with normal pregnancies was 24.7+5.4 years. ELISA was used to determine concentrations of PCX.
Echocardiographic assessment of all subjects was performed. In addition, umbilical (UmA) and uterine (UtA) artery pulsatility indices
(PI) were evaluated.

Results: The levels of serum PCX in PE women were statistically significantly higher than those in women with normal pregnancy:
2.66+0.67 vs. 2.40+0.33 ng/ml (p=0.03). Cut-off value at 3 ng/ml was obtained for podocalyxin in order to discriminate between PE and
healthy pregnancy. Logistic regression model was statistically significant: OR=3.226, (95% CI 1.084-9.599); (p=0.019). PCX correlated
with systolic blood pressure (r=0.30; p=0.004), diastolic blood pressure (r=0.35; p=0.0007), UtA PI (r=0.30; p=0.004), UmA PI (r=0.21;
p=0.047), IVS (r=0.32; p=0.002), and LVPWD (r=0.28; p=0.007).

Conclusions: Healthy pregnant women with PCX levels above the cut-off value of 3 ng/ml are at a higher risk for developing preeclamp-
sia. Elevated PCX levels indicate three times higher probability for PE development than women with values below the cut-off value.
PCX might be a promising marker for diagnosis and prognosis of PE.
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INTRODUCTION

Preeclampsia (PE) is a hypertensive disorder of pregnan-
cy defined by the occurrence of new-onset hypertension
(140/90 mmHg) and either proteinuria (0.3 g in a 24-h
urine sample) or end-organ dysfunction developing after
20 weeks of gestation. PE complicates nearly 2%-8% of all
pregnancies throughout the world.!!! It is one of the lead-
ing causes of maternal and perinatal morbidity and mor-
tality.l?! It has been postulated that preeclampsia involves
generalized endothelial injury commonly associated with
glomerular alteration.’] These are significant pathways
contributing to abnormal hemodynamic state, including
diminished plasma renal flow, decreased glomerular filtra-
tion rate and constriction of renal arteries.*!

Podocytes are visceral epithelial cells of the glomerulus.
They are known to be highly specialized structures.!®! Their
principal function is to stabilize glomerular capillaries and
take part in glomerular filter’s barrier function. It has been
reported that podocyte damage occurs in preeclampsia.
These findings are supported by the abnormal shedding of
podocytes in the urine.®

Podocalyxin is a sialoglycoprotein, member of the CD34
transmembrane sialomucin family first found on podocyte
surfaces.!”8) It was later discovered that PCX is widely ex-
pressed on the surface of endothelial cells throughout the
human body.”!%! PCX increases its urinary excretion in
cases of glomerular endothelial damage.['1?) In reports
from animal studies, podocalyxin is found to be expressed
in endothelial cells of many other organs like heart, lung
and kidneys.['>!4 Urinary excretion of podocalyxin in pre-
eclampsia has been an object of many studies.['!"1”] These
experimental findings show that PCX excretion in the urine
is elevated in abnormal conditions as a result of podocyte
alteration. Interestingly, data about maternal circulatory
PCX in preeclampsia are insufficient yet.[18-2!]

Echocardiography is a safe, noninvasive method for
evaluation of changes in cardiac structure and function
in pregnancy.???>) Uterine and umbilical Doppler ultra-
sound assessment are fast, harmless and easily applicable
diagnostic techniques to identify the compromised fetus
and examination of placental perfusion. It has been pro-
posed that Doppler flow studies of the maternal uterine
vessels could be used to detect women at risk higher risk
for development of preeclampsia.l?*-3!) Hence, these echo-
graphic methods allow evaluation of heart and vessels of
pregnant women without exposing them to X-rays and
give valuable data referring abnormal cardiovascular and
hemodynamic changes during healthy and complicated
pregnancy. However, there are no data in the literature on
a parallel examination of PCX concentrations and mater-
nal echocardiographic and Doppler ultrasound measure-
ments in preeclampsia.

AIM

Having in mind the role of PCX in the endothelial injury
and the discrete heart and spiral arteries’ changes which
can be detected by echography in preeclampsia, this study
aimed to: (1) determine circulating PCX levels in sera of
women with preeclampsia and normal pregnancy, (2)
explore for an association between PCX and risk for de-
velopment of preeclampsia, and (3) investigate a possible
relationship between PCX and maternal echocardiographic
and Doppler ultrasound parameters.

MATERIALS AND METHODS

Study design and setting

The current research is a case-control study. It was
approved by the Ethics Committee of Medical University-
Pleven (No. 40/2019). All participants gave their informed
consent. The study procedures followed all guidelines for
ethical standards of the responsible committee on human
experimentation as well as the Helsinki Declaration of
1975, as revised in 2000.

Study population

All patients were hospitalized in the Clinic of Obstetrics
and Gynecology, G. Stranski University Hospital, Pleven.
Serum samples were taken from the patients from Octo-
ber 2019 to March 2021. The study group consisted of 55
women with preeclampsia, mean age of patients was 24.9+6
years and the mean age of the control group of 35 women
with normal pregnancies was 24.7+5.4 years. The number
of patients with early onset PE was 41 vs. patients with late
onset of PE - 14.

Inclusion and exclusion criteria

The inclusion criteria were as follows: pregnant women with
clinical symptoms and laboratory criteria for preeclampsia
(2018 European Society of Cardiology Guideline for the
management of cardiovascular diseases during pregnan-
cy was used for the diagnostic criteria of preeclampsia:
gestational hypertension with significant proteinuria -
>300 mg/24-h urine collection or the extrapolated amount
from a timed collection)!*?); maintaining a current diet and
exercise during the study; signed informed consent to par-
ticipate in the study; dysfunction of mother’s organ such as:
HELLP syndrome, renal failure, neurological involvement,
hepatic involvement, and fetal growth retardation.

The criteria for exclusion from the study were history of
diabetes mellitus, kidney and heart disease, signs of cho-
rioamnionitis, and presence of a fetus with a chromosomal
abnormality.
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Outcome measures and methods

Enzyme-linked immunosorbent assay (ELISA)

ELISA was used for determination of PCX levels. Podo-
calyxin was measured in serum samples using ELISA kit
(RJ-HUFI00795 Human Podocalyxin ELISA kit- Reagent
Genie) according to the manufacturer’ instructions.

Echocardiography

Echocardiography was performed with General Electric
(Vivid S5) with 4-MHz transducer. All measurements
were obtained according to European Association of Car-
diovascular Imaging (EACVI) and The American Society
of Echocardiography (ASE) criteria for Cardiac Chamber
Quantification by Echocardiography.(3]

Doppler ultrasound of umbilical and uterine artery

Flow velocity waveforms of the uterine artery were per-
formed by ultrasound apparatus using an AB 2-7 MHz con-
vex abdominal probe. The mean pulsatility index (PI) was
calculated. An abnormal Doppler of umbilical and uterine
artery result was diagnosed as having a mean PI more than
the 95th percentile for each gestational age.3¥

Statistical analysis

The following computer programs were used to analyze the
research data: Excel (Microsoft Corporation, Redmond,
WA), SPSS and Statgraphics Plus (Manugistics, Rockville,
MD) for Windows. Tables, graphs, numerical values (share
indicators and correlations) were used to describe all re-
sults. The level of significance was determined as p<0.05.
The tests used to check the normality of distribution and
equality of variances were Stnd Skewness and Stnd Kurto-
sis. To find significant differences between groups Student’s
t-test and ANOVA with mean+SD were used in cases with
normal distribution (LSD, Tukey HSD, Schefte, Bonferroni,
Newman-Keuls, Duncan). Chi-square (x?) and K-W H-test
with median (M) value was used in cases with abnormal
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distribution, together with first and third quartile Q1 and
Q3; (twenty-fifth and seventy-fifth percentile P25 and 75P).
Pearson type of correlation was used. To confirm the exis-
tence of significant relationship between the variables lin-
ear regression analysis was performed. All linear regression
assumptions were checked. A logistic regression model was
used to evaluate the relationship between podocalyxin and
development of preeclampsia.

RESULTS

The clinical data of women with preeclampsia and healthy
pregnant women are presented in Table 1. Echocardio-
graphic data of healthy pregnant women and patients with
preeclampsia are described in Table 2.

Levels of serum PCX in preeclamptic women were sta-
tistically significantly higher than these in women with
normal pregnancy (2.66+0.67 vs. 2.40%0.33 ng/ml, p=0.03)
(Fig. 1). Levels of serum PCX in early-onset preeclampsia
were statistically significantly higher than these in women
with late-onset preeclampsia: (2.98+1.06 vs. 2.55+0.43 ng/
ml, p=0.03) (Fig. 2). Cut-off value at 3 ng/ml was obtained
for podocalyxin in order to discriminate between pre-
eclampsia and healthy pregnancy. The logistic regression
model was statistically significant (OR=3.226; 95% CI
1.084-9.599, p=0.019) (Table 3). Podocalyxin correlated
with systolic blood pressure (SBP) (r=0.30; p=0.004), dia-
stolic blood pressure (DBP) (r=0.35; p=0.0007), uterine ar-
tery pulsatility index (UtA PI) NUMB=0.487792+0.213568*
podocalyxin (r=0.30; p=0.004), umbilical artery pulsatility
index (UmA PI) NUMB=0.909551+0.107547* podocalyxin
(r=0.21; p=0.047) (Figs 3, 4), interventricular septal thick-
ness (IVS) (r=0.32; p=0.002), and left ventricular posterior
wall thickness (LVPWD) (r=0.28; p=0.007).

There is a statistically significant relationship be-
tween podocalyxin and uterine artery pulsatility index
at 99% confidence interval. Uterine artery pulsatility in-
dex (r=0.30; p=0.004). Uterine artery pulsatility index
NUMB=0.487792+0.213568* podocalyxin.

Figure 1. Serum podocalyxin levels in preeclampsia and healthy pregnant women determined by ELISA.
Levels of serum PCX in women with preeclampsia were statistically significantly higher than these in women with normal pregnancy

(2.66+0.67 vs. 2.40+0.33 ng/ml, p=0.03). Values are presented as mean+SD; *p<0.05 compared with healthy pregnant women.
g p P p p y preg
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Table 1. Clinical data of women with preeclampsia and healthy pregnant women

Normal pregnant women Preeclampsia p
Maternal age 24.745.4 24.9+6 >0.05
BMI 26.714.2 34+7.3% 0.001*
Gravida 2(2) ** 2(2)**
Parity 1(2) ** 1(2) **
SBP (mm Hg) 116.1£9.55 157.8+22* 0.001*
DBP (mm Hg) 75.3+£7.76 100.5+£10* 0.001*
Past history of PE 0/35 23/55
Family history of AH 1/35 26/55
AH before pregnancy 0/35 15/55
Umbilical artery PI 1.09+0.02 1.24+0.12% 0.02
Uterine artery PI 0.79+0.12 1.19+0.44* 0.001*
PP 40.8+7.32 57.3x16.1* 0.001*
MAP 88.8+7.69 119.7+£13.1* 0.001*
Urea 2.96+0.78 3.75%£1.63* 0.01*
Creatinine 75.78+14.45 73.33%£15.33 >0.05
Uric acid 205.6+40.2 326.8+105.93* 0.001*
Total protein 68.89+3.16 58.71+8.78% <0.01*
Albumin 37.31£2.78 31.67+£4.98% <0.01*
ASAT 8.43+2.33 20.67+7.82% <0.01*
ALAT 9.83+2.50 27.76+8.25% <0.01*
LDH 369+70.78 435.25+80.74* 0.04*
PLT 237.26+61.12 228.74+88.53 >0.05
Podocalyxin 2.40+0.33 2.66£0.67* 0.03*
CPK 83.1+23.77 130.5+46.8* <0.05*
CK-MB 15.3£3.3 24.3+7.9% <0.05*
Number (n=35) (n=55)

BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; PE: preeclampsia; AH: arterial hypertension; PI:

pulsatility index; PP: pulse pressure; MAP: mean arterial pressure; ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase;

LDH: lactate dehydrogenase; PLT: platelets; CPK: creatine phosphokinase; CK-MB: creatine phosphokinase isoenzyme MB. Data are

shown as mean+SD; *p<0.05; **Data are expressed as median (interquartile range)

Table 2. Echocardiographic data of healthy pregnant women and patients with preeclampsia

Healthy pregnancy Preeclampsia p

LVEDD 46.06+1.51 47.67+2.83* <0.001*
LVESD 28.23+1.48 29.84+2.43% <0.001*
VS 9.47+0.86 10.74+0.93% <0.01*
LVPWD 9.03+1.04 10.4+1.31% <0.001*
EF% 68.28+1.98 64.69+5.14* <0.001*
E/e 9.64+1.02 11.76+0.77* 0.001*
Count 35 55

LVEDD: left ventricular end-diastolic diameter; LVESD: left ventricular end-systolic diameter; IVS: interventricular septal thickness;
LVPWD: left ventricular posterior wall thickness; EF%: left ventricular ejection fraction; *p<0.05; Data are expressed as mean+SD.

Table 3. Logistic regression model for evaluation the relationship between podocalyxin and development of preeclampsia

Variable B SE df Exp (B) 95% CI forExp (B) P
Podocalyxin  1.171 0.556 1 3.226 1.084+9.599 0.019*
*p<0.05
916 Folia Medica | 2022 | Vol. 64 | No. 6
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Figure 2. Serum podocalyxin levels in early-onset and late-onset preeclampsia determined by ELISA.
Levels of serum PCX in early-onset preeclampsia were statistically significantly higher than these in women with late-onset preeclamp-
sia (2.98+1.06 vs. 2.55+0.43 ng/ml, p=0.03). Values are presented as mean+SD; *p<0.05 compared with late-onset preeclampsia.

Figure 3. Linear regression analysis, showing the results of fitting a linear model to describe the relationship between podocalyxin and
uterine artery pulsatility index.

Figure 4. Linear regression analysis, showing the results of fitting a linear model to describe the relationship between podocalyxin and
umbilical artery pulsatility index.
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There is a statistically significant relationship be-
tween podocalyxin and umbilical artery pulsatility index
at 99% confidence interval. Umbilical artery pulsatility
index (r=0.21; p=0.047). The currently found relation-
ship was a week one. Umbilical artery pulsatility index
NUMB=0.909551+0.107547* podocalyxin.

DISCUSSION

Preeclampsia is one of the most common pregnancy dis-
orders. It is a major cause of maternal and perinatal mor-
bidity and mortality. In order to assess stratification of risk
and to prevent further complications, early identification of
PE is crucial. According to the current understanding, pre-
eclampsia is a systemic disease with generalized endothe-
lial cells injury/dysfunction and multi-organ involvement.
However, it has not been thoroughly explored.

Podocalyxin is a glycoprotein that is expressed not only
in kidneys, but also in the endothelial cells of other organs.
Current approaches towards preeclampsia provide data
that it is a systemic disease characterized by hypertension
and signs of damage to another organ system, most often
involving alteration of liver or kidneys with or without
proteinuria. There is growing evidence that podocalyxin is
involved in preeclampsia’s pathophysiology. Recent stud-
ies show that podocalyxin is likely to be “released into the
circulation during pregnancy in association with vessel re-
modeling”.*10]

Few studies in the literature assess podocalyxin in
healthy and complicated pregnancy. For example, Chen et
al.l¥) found that PCX serum levels were significantly ele-
vated in preeclampsia, especially the early-onset subtype.
Furthermore, podocalyxin was reported to be expressed in
endothelial cells in different human organs, including the
heart, brain, lung, ovary, and kidney. In another research,
Mansilla et al.l'! studied “whether serum podocalyxin is
altered prior to clinical presentation of preeclampsia” For
that purpose, they investigated women at 11-13 weeks of
gestation and found that podocalyxin serum concentra-
tions were “significantly elevated in women who subse-
quently developed preeclampsia”. Ustiinyurt et al.?%) evalu-
ated plasma levels of podocalyxin in preeclampsia patients
and women with normal pregnancies. When podocalyxin
levels in preeclampsia and the control group were com-
pared, authors did not find statistically significant differ-
ences. Our data confirmed the results of Chen et al.l!8]
whose study also used ELISA and serum samples from pre-
eclampsia patients for analysis. In turn of the urinary detec-
tion of podocalyxin as a marker of PE, it was described by
Palacios de Franco et al.¥ who reported significantly high-
er levels of urinary podocalyxin in preeclampsia/eclampsia.
Another researcher, Amin et al.l>!! found that podocalyxin
levels were significantly elevated in preeclampsia with se-
vere features.

The present findings are consistent with previous re-
ports, which suggested that serum PCX might contribute

to the diagnostic process of PE and especially in the detec-
tion of early-onset preeclampsia.['®-2!! The results obtained
in the present study demonstrate for the first time that
podocalyxin cutoff value could provide better discrimina-
tion of PE patients from healthy pregnancy. Healthy preg-
nant women with podocalyxin levels above 3 ng/ml are at a
higher risk of developing preeclampsia. Moreover, elevated
PCX levels show that such women are three times more
likely to develop preeclampsia than the women with PCX
below the cutoff value. The current research is one of a few
studies, which explore PCX in preeclampsia. Additionally,
a relationship between PCX levels and blood pressure was
found, which implicates a possible PCX role in the patho-
physiology of hypertension in pregnancy and development
of preeclampsia.

It has been reported by several studies that echocardio-
graphic assessment of patients with preeclampsia indicates
major findings such as increased ventricular mass, left ven-
tricular hypertrophy, left atrial enlargement, and diastolic
dysfunction.>#!) In our investigation, a relationship was
found between PCX and specific echocardiographic mea-
surements as interventricular septum thickness and left
ventricular posterior wall diameter. This result assumes a
possible interplay between PCX and the above-mentioned
heart structures. In addition, the relationship between
PCX and Doppler ultrasound parameters as umbilical and
uterine Doppler pulsatility indices might reflect vascular
changes responsible for abnormal remodeling and patho-
logically increased vascular resistance in preeclampsia.
However, to detect the exact structural alterations, more
specific methods such as immunohistochemistry or im-
munocytochemistry with tissue samples analysis and eval-
uation of podocalyxin expression might be required. This
would help to assess exactly which tissues derive PCX in
serum during preeclampsia.

The current investigation demonstrates compelling evi-
dence. To our best knowledge, this is the first study report-
ing significant relationship between PCX levels and blood
pressure values. Another key finding is the relationship
between serum podocalyxin concentrations and maternal
echocardiographic and Doppler ultrasound parameters.
The present results were validated by linear regression
analysis. Our findings suggest that podocalyxin might play
an important role in blood pressure elevation in pregnan-
cy. The presented data also demonstrate a potential PCX
implication in specific cardiac structures as left posterior
ventricular wall and interventricular septum. This might
favor abnormal cardiovascular remodeling, development
of hypertension in pregnancy and subsequent preeclamp-
sia. Hereby, they would also elucidate the potential of PCX
as preeclampsia diagnostic and prognostic biomarker. Of
note, PCX is also proposed to be related to the process of
altered spiral arteries’ remodeling. All factors mentioned
above take part in the central pathways in the development
and progression of preeclampsia. Considering this, we sug-
gest that podocalyxin might be involved in the pathogenic
mechanisms of hypertension in pregnancy and probably
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a promising marker for diagnosing and prognosing pre-
eclampsia.

Limitations of the study

The present research has some limitations. Firstly, it is a
case-control study and we were not able to perform serial
measurements of podocalyxin. Secondly, the smaller sam-
ple size of the control group was also limitation of the study
design. Thirdly, the number of patients with early onset PE
was 41 vs. those with late onset - 14.

CONCLUSIONS

Current evidence demonstrated for the first time that de-
termination of podocalyxin cutoff value above 3 ng/ml
could provide better discrimination of PE patients from
those with healthy pregnancy. Elevated PCX levels indicate
three times higher probability for PE development. Based
on the correlations found in our investigation, which were
confirmed also by linear regression analyses, we report
the existence of a relationship between PCX and maternal
echocardiographic and Doppler ultrasound parameters
in preeclampsia. The present study gives arguments for a
potential PCX implication in maternal cardiac structures
and spiral arteries. However, larger and longitudinal stud-
ies with more specific methods would allow more precise
assessment of the PCX role in the pathogenesis of PE and
its interaction with maternal heart and spiral arteries.

Funding

This research was part of a university scientific project
N1/2020 funded by the Medical University- Pleven, Bul-
garia.

Conflicts of Interest

The authors declare no conflict of interest.

REFERENCES

1. American College of Obstetricians and Gynecologists. Hypertension
in pregnancy. Report of the American College of Obstetricians and
Gynecologists’ task force on hypertension in pregnancy. Obstetrics
and gynecology 2013; 122(5):1122-30.

2. Eiland E, Nzerue C, Faulkner M. Preeclampsia 2012. ] Pregnancy
2012:586578.

3. Prakash J, Ganiger VC. Acute kidney injury in pregnancy-specific
disorders. Indian ] Nephrol 2017; 27(4):258-70.

4. Palacios de Franco Y, Velazquez K, Segovia N. Urinary podocalyxin

as a marker of preeclampsia in a Hispanic population. Int J Physiol

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Podocalyxin and Ultrasound Parameters in Preeclampsia

Pathophysiol Pharmacol 2014; 6(2):115-24.

Assady S, Wanner N, Skorecki KL, et al. New insights into podocyte
biology in glomerular health and disease. ] American Soc Nephrol
2017; 28(6):1707-15.

Nielsen JS, McNagny KM. The role of podocalyxin in health and dis-
ease. ] Am Soc Nephrol 2009; 20(8):1669-76.

Goulopoulou S. Vascular endothelium: a potential source of podo-
calyxin in serum from pregnancies with preeclampsia. ] Hypertens
2017; 35(11):2176-77.

Kerjaschki D, Sharkey DJ, Farquhar MG. Identification and charac-
terization of podocalyxin: the major sialoprotein of the renal glomer-
ular epithelial cell. J Cell Biol 1984; 98(4):1591-6.

Horvat R, Hovorka A, Dekan G, et al. Endothelial cell membranes
contain podocalyxin: The major sialoprotein of visceral glomerular
epithelial cells. J Cell Biol 1986; 102:484-91.

Sassetti C, Tangemann K, Singer MS, et al. Identification of podoca-
lyxin-like protein as a high endothelial venule ligand for L-selectin:
Parallels to CD34. ] Exp Med 1998; 187:1965-75.

Hara M, Yamagata K, Tomino Y, et al. Urinary podocalyxin is an early
marker for podocyte injury in patients with diabetes: establishment of
a highly sensitive ELISA to detect urinary podocalyxin. Diabetologia
2012; 55(11):2913-9.

Camici M. Urinary detection of podocyte injury. Biomed Pharmaco-
ther 2007; 61(5):245-9.

Craici IM, Wagner SJ, Weissgerber TL, et al. Advances in the patho-
physiology of pre-eclampsia and related podocyte injury. Kidney Int
2014; 86(2):275-85.

Biarc J, Simon R, Fonbonne C, et al. Absolute quantification of podo-
calyxin, a potential biomarker of glomerular injury in human urine,
by liquid chromatography-mass spectrometry. ] Chromatogr A 2015;
1397:81-5.

Kwon SH, Woollard JR, Saad A, et al. Elevated urinary podocyte-
derived extracellular microvesicles in renovascular hypertensive pa-
tients. Nephrol Dial Transplant 2017; 32(5):800-7.

Martineau T, Boutin M, Coté AM, et al. Tandem mass spectrometry
analysis of urinary podocalyxin and podocin in the investigation of
podocyturia in women with preeclampsia and Fabry disease patients.
Clin Chim Acta 2019; 495:67-75.

Ylbe Palacios de F, Velazquez K, Segovia N, et al. Long term follow
up of biomarkers of podocyte damage and renal function in patients
with and without preeclampsia. Braz ] Nephrol 2018; 40(4):339-43.
Chen Q, Wang Y, Li Y, et al. Serum podocalyxin is significantly in-
creased in early-onset preeclampsia and may represent a novel
marker of maternal endothelial cell dysfunction. ] Hypertens 2017;
35(11):2287-94.

Mansilla M, Wang Y, Hyett J, et al. Serum podocalyxin for early de-
tection of preeclampsia at 11-13 weeks of gestation. Placenta 2018;
71:13-5.

Ustiinyurt E, Cift T, Ozdemir H, et al. Podocalyxin levels in pre-
eclampsia and relationship with severity of disease. Ann Clin Anal
Med 2020; 11(Suppl 3):S279-83.

Amin A, Abou-Taleb H, Gamal M, et al. Evaluation of Podocalyxin
level in pre-eclampsia with severe features’ patients: a cross-sectional
study. Int ] Reprod Contracept Obstet Gynecol 2019; 8(8):3255-8.
Reddy M, Wright L, Rolnik DL, et al. Evaluation of cardiac function
in women with a history of preeclampsia: a systematic review and
meta-analysis. ] Am Heart Assoc 2019; 8(22):e013545.

Castleman JS, Ganapathy R, Taki F, et al. Echocardiographic structure

and function in hypertensive disorders of pregnancy: a systematic re-

Folia Medica | 2022 | Vol. 64 | No. 6

919



24.

25.

26.

27.

28.

29.

30.

31.

32.

. Nikolov et al.

view. Circ Cardiovasc Imaging 2016; 9(9):e004888.

Liu S, Elkayam U, Naqvi TZ. Echocardiography in Pregnancy: Part 1.
Curr Cardiol Rep. 2016; 18(9):92.

Rubler S, Damani PM, Pinto ER. Cardiac size and performance dur-
ing pregnancy estimated with echocardiography. Am J Cardiol 1977;
40(4):534-40.

Giordano R, Cacciatore A, Romano M, et al. Uterine artery Doppler
flow studies in obstetric practice. ] Prenat Med 2010; 4(4):59-62.
Papageorghiou AT, Yu CK, Erasmus IE, et al. Assessment of risk for
the development of pre-eclampsia by maternal characteristics and
uterine artery Doppler. BJOG 2005; 112:703-9.

Marsél K. Rational use of Doppler ultrasound in perinatal medicine. J
Perinat Med 1994; 22(6):463-74.

Maulik D, Mundy D, Heitmann E, et al. Evidence-based approach to
umbilical artery Doppler fetal surveillance in high-risk pregnancies:
an update. Clin Obstet Gynecol 2010; 53(4):869-78.

Coppens M, Loquet P, Kollen M, et al. Longitudinal evaluation of
uteroplacental and umbilical blood flow changes in normal early
pregnancy. Ultrasound Obstet Gynecol 1996; 7(2):114-21.

Acharya G, Wilsgaard T, Berntsen GK, et al. Reference ranges for se-
rial measurements of umbilical artery Doppler indices in the second
half of pregnancy. Am J Obstet Gynecol 2005; 192(3):937-44.
European Society of Cardiology (ESC) Guidelines for the manage-
ment of cardiovascular diseases during pregnancy. European Heart
Journal 2018; 39(34):3165-241.

33.

34,

35.

36.

37.

38.

39.

40.

41.

Marwick TH, Gillebert TC, Aurigemma G, et al. Recommendations
on the use of echocardiography in adult hypertension: a report from
the European Association of Cardiovascular Imaging (EACVI) and
the American Society of Echocardiography (ASE). Eur Heart J Car-
diovasc Imaging 2015; 16(6):577-605.

ISUOG Practice Guidelines: use of Doppler ultrasonography in ob-
stetrics. Ultrasound Obstet Gynecol 2013; 41:233-9.

Dennis AT. Transthoracic echocardiography in women with pre-
eclampsia. Curr Opin Anaesthesiol 2015; 28(3):254-60.

Dennis AT, Castro JM. Transthoracic echocardiography in women
with treated severe pre-eclampsia. Anaesthesia 2014; 69(5):436-44.
Dennis AT, Castro JM. Echocardiographic differences between pre-
eclampsia and peripartum cardiomyopathy. Int ] Obstet Anesth 2014;
23(3):260-6.

Dennis AT, Castro ], Carr C, et al. Hiemodynamics in women with
untreated pre-eclampsia. Anaesthesia 2012; 67(10):1105-18.
Melchiorre K, Sutherland GR, Baltabaeva A, et al. Maternal cardiac
dysfunction and remodeling in women with preeclampsia at term.
Hypertension 2011; 57(1):85-93.

Choi SK, Shin JC, Park YG, et al. The efficacy of peripartum trans-
thoracic echocardiography in women with preeclampsia. Pregnancy
Hypertens 2017; 10:187-91.

Ghossein-Doha C, Peeters L, van Heijster S, et al. Hypertension after
preeclampsia is preceded by changes in cardiac structure and func-
tion. Hypertension 2013; 62(2):382-90.

920

Folia Medica | 2022 | Vol. 64 | No. 6



Podocalyxin and Ultrasound Parameters in Preeclampsia

YpPOBHU CbIBOPOTOYHOIo NOAOKaJIMKCUHA

npu npeaksiamncum u cBsA3b C MaTepPUHCKNMU
axoKapaguorpagpnueckumm u A4onNnNIepPoOBCKUMU
napametpavu Y3

Acnapyx I. Hukonos!, Hukona K. Tlonosckn?*, Ceerna Bnaxesa’®

1 Omoen ,,Meduyuna‘, Pabouas epynna no cepdeuHo-cocyoucmuim uccnedosanusm, Mncmumym wayunvix ucciedosanuil, Meduyunckuil ynusepcumem -
IInesen, I1nesen, bonzapus

2 Knunuxa axywepcmea u 2urexonozuu, YMBAJI IInesen, bonzapus

3 Kagpedpa xnunuyeckoil 1a60pamopHo duazHOCMuKY, KAUHUHECKOT UMMYHONI02UY U annepeonozuu, Meduyurckuii ynugepcumem - Inesen, ITnegen,
Boneapus

* Kagpedpa axywepcmea u eunexonozuu, Meduyurckuii ynusepcumem - Ilnesen, I1nesen, Bonzapust

Aapec ana koppecnonaeHuun: Acmapyx I. Huxonos, Otpen ,MepuiyHa®, Paboyas rpymnma no cepfiedHo-coCyANUCTbIM MCCIeR0oBaHNAM, VIHCTUTYT
HAy4YHbIX UCCTeRoBaHmiT, MeanumHckuit yausepcutet — Ilneses, yi. ,Cs. Kmument Oxpupcku® Ne 1, 5800 ITnesen, Bonrapus; E-mail: a_nicoloff@

yahoo.com

Jara nonyyeHus: 12 uons 2021 ¢ [lata npueMku: 20 cerrs6ps 2021 ¢ flata nyénukaumm: 31 nexabps 2022

O6pasel, yutuposaHus: Nikolov AG, Popovski NK, Blazheva S. Levels of serum podocalyxin in preeclampsia and relationship with
maternal echocardiographic and Doppler ultrasound parameters. Folia Med (Plovdiv) 2022;64(6):913-921. doi: 10.3897/folmed.64.

€70074.

Pe3tome

BeepeHue: ITopoxamikcun (PCX) sABAAeTCA MHAMKATOPOM ITIOMEPY/IAPHOTO NMOBPeXeHMA. IIoMUMO 1oYeK, OH SKCIIPecCUpyeTcs
B 9HJIOTE/INA/IbHBIX KJIeTKAX Pas/IMYHBIX OPIaHOB. DXorpapuuecKe MCCIeOBaHNA OIe3HBI /I OLeHKU M3MEHEHUII B CTPYKType U
GYHKIVMNM ceppiedHO-COCYVICTON CUCTEeMBI BO BpeMsA 6epeMeHHOCTI.

Liensb: Ienb HacTOALErO MCCTIENOBAHNA 3aK/II04a/Iach B olleHKe KoHLeHTpauuy PCX npu npesxnamncun (I13) u usyyeHnn Hammamus
cBA3K Mex/y ypoBHAMY PCX 1 mapamerpammu sxokapayorpaduy Matepy 1 yIbTpasByKoBOIi JONIUIeporpadum.

Martepuanbl u metogbl: O6cnenoBano 55 sxeniut ¢ [19. CpegHuit Bo3pacT 60NIbHBIX COCTAaBII 24.916 /1eT; CpefHuitT BO3PACT KOH-
TPOJIBHOJ IPYIIIBL U3 35 XKEHIIMH ¢ HOPMATIbHO IPOTEKAIIelt 6epeMeHHOCTbI0 cocTaBu 24.7+5.4 roga. ELISA ucnonb3oBanu s
onperneneHnsa KoHneHTpanyyu PCX. BceM MCIIBITyeMbIM IIPOBOAMIACH 9XOKapAnorpadudeckas oeHka. KpoMe Toro, oljeHnBam MH-
mexcsl mynbcanun (PI) mynousnoit (UmA) n matounoit (UtA) aprepuit.

Pe3ynbratbl: YposHu PCX B CBIBOPOTKe KPOBY Y >KeHIIMH ¢ [19 6bIIM CTATUCTIYECKN 3HAYMMO BbIIIE, YeM Y )KeHIMH C HOPMaJlb-
HO IIpoTeKalollell 6epeMeHHOCThI0: 2.66+0.67 mpoTus 2.40+0.33 ng/ml (p=0.03). IToporosoe 3HaueHme 3 ng/ml 6bIT0 MOTy4eHO /LA
IOJIOKATNKCIHA, YTOOBI OTINYNUTD 11D 0T 350poBOIT GepeMeHHOCTI. MOJeNb TOTMCTINYECKON perpeccun ObIa CTATUCTIUIECKY 3HAN -
Moit: OR = 3.226 (95% CI 1.084-9.599); (p=0.019). PCX xoppenuposai ¢ cucromndeckum Al (r=0.30; p=0.004), muacrommyeckum AJJ
(r=0.5; p=0.0007), UtA PI (r=0.30; p=0.004), UmA PI (r=0.21; p= 0.047), IVS (r=0.32; p=0.002) 1 LVPWD (r=0.28; p=0.007).

3akntoueHne: 3goposble GepeMeHHbIe XKeHIUHBI ¢ ypoBHAMK PCX Bbllile IOporoBoro 3HaueHus 3 ng/ml nmeroT 60ee BHICOKMIL
PUCK pasBUTHsA IpeskTaMicun. IlobiurenHsle ypoBH PCX yKasbpIBaIOT Ha B TP pasa 6ojee BBICOKYIO BEPOATHOCTD pasBuTus 119,
YeM y XKeHIIIH CO 3HaUeHWsAMM HIDKe MOporoBoro 3HaueHns1. PCX MoxeT ObITb MHOTOOOEIIAIONINM MAPKePOM MLl [UATHOCTUKY U
mporHosa [19.

KnwoueBble cnoBsa

AVMarHoCTuKa u IporHos, sxorpa(i)l/m, ITIOOKA/IMKCHH, ITPE3K/IaMIICH, YPOBHU B CBIBOPOTKE KPOBI
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