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Abstract

Introduction: Preeclampsia is multisystem disorder of pregnancy, characterized by endothelial and placental dysfunction. It is classified as an
early onset (which occurs < 34 weeks) and late onset (which occurs = 34 weeks). There is an increase of level of antiangiogenic factor of soluble
form similar to tyrosine kinase 1 (sFlt-1) and decrease of level of proangiogenic placental growth factor (P1GF) at preeclampsia. High ratio sFlt-1/
PIGF is connected to occurrence of preeclampsia.

Materials and Methods: There was a retrospective study of the Clinic for Gynecology and Obstetrics of the University Clinical Center of Republic
of Srpska (KGA UKC RS), which was implemented in period January 1st, 2020 - December 31st, 2021 and which included 224 patients hospitalized
at the Department of Perinatology for suspected preeclampsia development, from 26+0 weeks of gestation until birth. One of the key criteria for
the inclusion of patients in the study is the use of the sFIt-1/PIGF ratio as a marker for the onset of preeclampsia, and the determination of protein
values in 24-hour urine (biuret). The antenatal state of the fetus was also monitored by ultrasound measurement of the flow resistance ratio (Ri)
through the middle cerebral artery and the umbilical artery (C/U), as well as the values of the newborn’s Apgar score in the first and fifth minute
of life (AS 1 and 5). The patients included in the study were divided into two groups according to gestational age: group 1 (<33+6 NG) and group
2 (234NG). For the purposes of the research, data from patient protocol books for the specified period, as well as corresponding data from the
Clinical Information System (KIS), were used.

Results: Calculated values for cut off 38 for group 1 are: NPV=76.9%, PPV=72.0%), sensitivity=85.7%, specificity=58.8%, and for group 2 are:
NPV=89,1%, PPV=40.8%, sensitivity=72.1%, specificity=68.5%. For cut off 85, the calculated values for group 1 are: NPV= 82.4%, PPV=85.7%,
sensitivity=85.7%, specificity=82.4%, and for group 2 they are: NPV= 84.9 %, PPV=70.4%, sensitivity=44.2%, specificity=94.4%. For cutt off
110, the calculated values for group 1 are: NPV= 77.8%, PPV=85%, sensitivity=81%, specificity=82.4%, and for group 2 they are: NPV= 83.5
%, PPV=72.7%, sensitivity=37.2%, specificity=95.8%. The measured value of protein in 24h urine (biuret) in comparison with the measured
values of the sFIt-1/PIGF ratio have statistical significance for predicting the onset of preeclampsia. Statistical data processing obtained by
examining the measured values of the sFlt-1/PIGF ratio and the antenatal and natal condition of the fetus (C/U and AS 1 and 5) showed statistical
significance, except for C/U for group 2, where p=0.32.

Conclusion: Determination of the sFlt-1/PIGF ratio as well as biuret and monitoring of the antenatal and postnatal state of the fetus significantly
contributes to the timely diagnostic of preeclampsia, which impacts reducing the incidence of undesirable outcomes for the mother and the fetus.
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Introduction

as well as thrombocytopenia. Preeclampsia is classified as early
(occurring < 34NG) and late (occurring = 34NG). The clinical
picture varies from mild to severe, potentially life-threatening

Preeclampsia is a multisystem disorder of pregnancy,
characterized by endothelial and placental dysfunction [1]. The
definition that originally included hypertension and proteinuria
after the 20" week of gestation (NG) was expanded to include
hypertension in combination with renal and hepatic dysfunction,

[2]. On an annual level, it occurs in 2-8% of pregnant women and,
according to available data, it is responsible for 50,000 maternal
deaths worldwide [3-9]. The only known prevention is the use
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of Aspirin, and the only therapy is termination of pregnancy, i.e.,
childbirth, so it is one of the most common reasons for iatrogenic
prematurity [1].

Preeclampsia is primarily caused by diseases of the blood
vessels, especially the endothelium, and is considered to be
caused by reduced placental perfusion, hypoxia, inflammation and
oxidative stress. The balance of proangiogenic and antiangiogenic
factors in the circulation is disrupted in preeclampsia. There is
an increase in the level of antiangiogenic factor of soluble form
similar to tyrosine kinase 1 (sFlt-1) and a decrease in the level of
proangiogenic placental growth factor (PIGF). A high ratio of sFlt-
1/PIGF is associated with the occurrence of preeclampsia, which
was proven before clinical use [1,10].

The current “gold standard” for preeclampsia involves
measuring blood pressure and finding protein in the urine.
Considering the different clinical features of preeclampsia, the
specificity and sensitivity of these measurements to predict the
onset of preeclampsia, eclampsia and HELLP syndrome is quite
low. As a result, we often have unnecessary hospitalization
and intensive monitoring of pregnant women “waiting” for
preeclampsia to develop, and on the other hand, the necessary
hospitalization of patients who are not clinically predicted to
develop preeclampsia according to the mentioned criteria may
be missed [11]. The German Association of Obstetricians and
Gynecologists, as well as the Austrian and Swiss Association of
Obstetricians and Gynecologists, currently recommend the use
of angiogenic biomarkers as a means of diagnosis and short-term
prediction of preeclampsia in patients suspected of developing
this disease. The 2018 Guideline of the European Association of
Cardiology recommends the use of the sFlt-1 /PIGF ratio for the
treatment of cardiovascular disease in pregnancy [2].

Table 1: Criteria that indicates the possible development of preeclampsia.

Goals

a) to determine the specificity,
predictive value (NPV) and positive predictive value (PPV)
of the sFlt-1/PIGF ratio in examined patients for the onset of

sensitivity, negative

preeclampsia.

b)  to examine the statistical significance of determining the
biuret value and the sFlt-1/PIGF ratio in preeclampsia diagnostics.

c) to examine the statistical significance of the influence of
the sFlt-1/PIGF ratio on the antenatal and neonatal condition of
the newborn.

Material and Methods

In the Clinic for Gynecology and Obstetrics of the University
Clinical Center of the Republic of Srpska (KGA UKC RS), a cross-
sectional retrospective study was conducted for the period
January 1,2020 - December 31, 2021, which included 224 patients
hospitalized in the Department of Perinatology due to suspected
development of preeclampsia, from 26+0 weeks of gestation
until delivery. The criteria for identifying patients suspected of
developing preeclampsia are shown in table 1. One of the key
criteria for the inclusion of patients in the study is the clinical
use of the serum sFlt-1/PIGF ratio as a marker for the onset of
preeclampsia, which was measured on the day of admission (value
1), and in some cases, depending on the value of the sFlt-1/PIGF
ratio, the measurements were repeated two, three or four times at
intervals of seven days, as well as the measurement of the biuret
value. An ultrasound scan and C/U determination were routinely
done to patients, as well as AS 1 and 5 in the Maternity Ward. For
the purposes of the research, data from patient protocol books
for the specified period, as well as corresponding data from the
Clinical Information System (KIS), were used.

Clinical Signs and Symptoms that Indicate the Possible Development of Preeclampsia:

v' newly discovered elevated blood pressure values;
v" newly discovered diagnosis of hypertension;
v exacerbation of hypertension, which was diagnosed before pregnancy;
v' newly discovered proteinuria;

v' deterioration of proteinuria, which was diagnosed before pregnancy;
v" one or more clinical signs of preeclampsia development (epigastric pain, edema, visual disturbance, sudden weight gain over 1 kg per
week in the third trimester, low platelets, increase in transaminases (aspartate aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase (LDH))

Criteria for inclusion in the study IL. proteinuria that existed before pregnancy without

. deterioration of the clinical picture.
L. pregnant women of gestational age over 26 weeks

of pregnancy until delivery, who have been diagnosed with 1L Twin pregnancy.
one or more criteria that indicate the possible development of

| ) The patients included in the study were divided into two
preeclampsia.

groups according to gestational age:

Criteria for exclusion from the study - group1(<33+6NG) i

L. essential hypertension without deterioration of the

. group 2 (234NG).
clinical picture.
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The B2 test, Mann Whitney non-parametric test and ROC
analysis were used for statistical data processing, and those with
p<0.05 were considered statistically significant differences.

Results

In the observed period, 224 patients were hospitalized in the
Department of Perinatology at the KGA UKCRS due to suspected
development of pre-eclampsia from 26+0 weeks of gestation until
delivery, who met the requirements for inclusion in the study. The
results of the measured sFlt-1/PIGF ratios in the patients included
in the study were divided into two groups, according to gestation,
with the risk of early and late preeclampsia (<34NG and 234NG),

and the negative predictive value (NPV) and positive predictive
value (PPV), specificity, sensitivity of the sFlt-1/PIGF ratio
depending on gestation and the calculated value of the marker
were statistically calculated. The values of the sFlt-1/PIGF ratio
were calculated on the day of hospitalization, and depending on
the measured values, they were repeated two, three or four times
at intervals of 2-4 days.

Depending on the gestational age of the pregnancy, the sFlt-
1/PIGF ratio was examined for cut offs of 38, 85 and 110 for the
examined groups 1 and 2 after the first measurement, and for
each cut off for both groups the calculated values for NPV, PPV,
sensitivity, specificity and they are shown in tables 2-4.

Table 2: Calculated values for NPV, PPV, sensitivity and specificity for cut off 38 for both groups of subjects.

<34NG NPV= 0.769 PPV= 0.72 Sensitivity= 0.857 Specificity= 0.588
234NG NPV= 0.891 PPV= 0.408 Sensitivity= 0.721 Specificity= 0.68
Table 3: Calculated values for NPV, PPV, sensitivity and specificity for cut off 85 for both groups of subjects.
<34NG NPV= 0.824 PPV= 0.857 Sensitivity= 0.857 Specificity= 0.824
>34NG NPV= 0.849 PPV= 0.704 Sensitivity= 0.442 Specificity= 0.944
Table 4: Calculated values for NPV, PPV, sensitivity and specificity for cut off 110 for both groups of subjects.
<34NG NPV= 0.778 PPV= 0.850 Sensitivity= 0.810 Specificity= 0.824
234NG NPV= 0.835 PPV= 0.727 Sensitivity= 0.372 Specificity= 0.958
Statistical processing of the data obtained by measuring the Discussion

value of the biochemical marker of preeclampsia, biuret, the
sFlt-1/PIGF ratio, as well as the age of the pregnant woman, the
week of gestation of the subjects at admission and at the end of
the pregnancy, and AS 1 and 5, showed statistical significance in
the first measurements of the sFlt-1/PIGF ration with p<0.05, and
all other measurements have a statistical significance of p>0.05
for both groups. The measured biuret values, as well as AS 1 and
5, have statistical significance for the occurrence of preeclampsia
in both groups. Gestation of pregnancy at the admission of the
pregnant woman has no statistical significance in the first group,
and in the second group it is p=0.15, while gestation of pregnancy
at delivery has statistical significance in both groups. The age of
the pregnant woman in the first group has statistical significance
of p=0.016, while in the second group it has no statistical
significance (Table 5).

Statistical processing of the data obtained by examining the
measured values of the sFlt-1/PIGF ratio and the antenatal state
of the fetus (C/U) showed a statistical value of p=0.01 in the first
group, while in the second group it was p>0.05 (Table 6).

Preeclampsia is one of the most important factors affecting
maternal morbidity and mortality and one of the most common
reasons for iatrogenic prematurity, and it requires improvement
in diagnostics and treatment. High values of blood pressure
and proteinuria have little predictive value and when they are
manifested in most cases they are associated with unfavorable
outcomes for mother and fetus [5-8]. Proangiogenic and
antiangiogenic factors are involved in the pathophysiology of the
mechanism of preeclampsia, and numerous studies have proven
high NPV, PPV, sensitivity and specificity of the sFlt-1/PIGF ratio in
predicting the onset of preeclampsia [11,12].

The patientsincluded in our study met the criterialisted in table
1. The values of the sFlt-1/PIGF ratio and biuret were measured
and also upon admission to the Department of Perinatology, the
Doppler ultrasound with the C/U ratio was routinely done in order
to monitor the condition of the fetus. After delivery, AS 1 and 5
were determined in newborns by the competent gynecologist or
pediatrician in the Maternity Ward and we used this as parameter
for monitoring the delivery outcome.
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Table 5: Statistical processing of measured biuret values and sFlt-1/PIGF ratio, pregnant woman'’s age, weeks of gestation at admission and delivery, as
well as AS 1 and 5.

Preeclampsia
True False Total
95.0% 95.0% | 95.0% 95.0% | 95.0%
Me- 95.0% Lower CL Upper Lower Upper Lower Upper p value -
g; for Median CL for Median CL for CL for Median CL for CL for Manr[lj—\ézgtltney
Median Median | Median Median Median
Age of pregnant 31 27 35 37 36 41 34 33 37 0.016
woman
Gestation at the 31 30 32 32 31 33 31 30 32 0.148
admission NG
SF]t-ltgslfF-ra' 326.1 1723 | 807.5 23.8 9.2 404 | 12965 | 381 | 2609 0
SF“—%?SF-”' 4422 1483 | 6335 | 60.15 | 1283 | 1227 | 1227 461 | 289 0.004
. _
34 SF]t-ltgglgF-m' 226.05 172 5789 | 42.85 28.5 155.6 55.3 285 | 209.2 0.234
SF]t-ltgglgF-m' 298.95 14.7 5853 | 5145 42 2434 | 12525 | 147 | 4234 0.248
Biuret 1.19 0.73 8.34 0.12 0.11 0.2 0.47 024 | 0.84 0
Delivery NG 31 30 32 37 35 38 33 31 34 0
Apgar_1 7 5 8 9 9 10 8 8 9 0
Ges- Apgar.5 8 8 9 9 9 10 8 8 9 0
tation
type Age of pregnant 32 29 35 30 30 33 30 30 33 0.206
woman
Gestation at the 38 38 39 38 38 39 38 38 39 0.015
admission _NG
SF]t-lt;(flfF-m' 73.2 53.1 132.3 187 16.6 27.2 26.8 187 | 352 0
SF“—%?SF-”' 64.65 48.4 139.9 | 4175 29 55.3 48.7 405 | 612 0.089
34+ -
SF]t-ltgglgF-ra 110.2 74.3 2112 76 65.1 208 81.4 681 | 1225 0.288
SF“—%?SF-”' 81.1 64.9 170.3 515 21.9 81.1 81.1 649 | 1703 0.374
Biuret 05 0.45 0.7 0.17 0.16 0.18 0.2 018 | 022 0
Delivery NG 38 38 39 39 39 40 38 38 39 0.001
Apgar_1 9 9 9 9 9 10 9 9 10 0.021
Apgar_5 9 9 10 10 10 20 10 10 20 0.002
Table 6: Statistical processing of the correlation of the measured values of the sFlt-1/PIGF ratio and the antenatal state of the fetus (CTG, C/U, BPP).
Preeclampsia
True
Count False Total p Vah_le
Column N % - Chi
Row N % Column o Column | Row N | Square
Count N % Row N % | Count N % % test
Pathological 9 42.9% 90.0% 1 59% | 10.0% 10 263% | 100.0%
<
34 | “Y | Normal 12 57.1% 429% | 16 | 941% |57.1% | 28 73.7% | 100.0% | 0-010
Gesta- Total 21 100.0% 55.3% 17 | 100.0% | 44.7% 38 100.0% | 100.0%
tion type
Pathological 3 7.0% 37.5% 5 3.5% | 62.5% 8 4.3% 100.0%
34+ | CU | Normal 40 93.0% 225% | 138 | 96.5% | 77.5% | 178 95.7% | 100.0% | 0324
Total 43 100.0% 231% | 143 | 100.0% | 76.9% | 186 100.0% | 100.0%
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The criteria for termination of pregnancy were initially
measured extremely high values of the sFlt-1/PIGF ratio, as well
as a significant increase in the value of the sFlt-1/PIGF ratio during
re-measurement if the initially measured value was higher than
85. The values were re-measured at 2- 4 days, according to current
guidelines. At our Clinic, biuret is routinely measured in patients
suspected of developing preeclampsia, so we included these values
in the study, which showed statistical significance as a parameter
in predicting the occurrence of preeclampsia.

Patients who are hospitalized at the Department of
Perinatology of the UKC RS have daily Doppler ultrasound
measurements of the C/U ratio, as a parameter to monitor the
state of the fetus. If the pathological flow values are measured,
termination of the pregnancy is planned, either by induced
delivery or caesarean section depending on the obstetric findings
and gestation of the pregnancy, regardless of the values of the sFlt-
1/PIGF and biuret ratio. During the observed period, we had one
stillborn child at 29weeks of gestation, where the measured value
of the sFlt-1/PIGF ratio before delivery was 1401. I must mention
that KGA UKC RS is a reference institution in our country, and we
provide care for all patients with pregnancy complications sent
from other institutions. Sometimes patients are not referred in a
timely manner, and because of this, an undesirable outcome can
occur. All patients included in the study were provided with care
in our clinic after giving birth and we had no adverse outcomes.

Our study showed a fairly high NPV, PPV, as well as the
sensitivity and specificity of the sFlt-1/PIGF ratio in the onset of
preeclampsia, but the results are partially different compared to
studies that included a significantly larger number of subjects.
In Zeisler’s study, measurements of the sFlt-1 /PIGF ratio for a
cutoff 38 show NPV 98.9%, PPV 40.7%, while sensitivity is 88.2%,
with specificity of 80% [12]. In Hund'’s study, the results for NPV,
PPV, sensitivity and specificity are similar to Zeisler’s [3]. The
difference in the results between our study and those mentioned
is due to the smaller number of subjects included in study group 1,
which produced different statistical results. In the second group,
we had a significantly larger number of subjects, and we obtained
results that are closer to the results in Zeisler’s and Hund’s study.
Examination of the measured biuret values in correlation with
the sFlt-1/PLGF ratio showed that the diagnostic of preeclampsia
improves in both studied groups and this is also similar to the
results of the Zeisler study and to the recommendations of the
American Association of Obstetricians and Gynecologists (ACOG)
[12].

By examining the statistical association of the sFlt/PIGF ratio
with the antenatal condition of the fetus, which is shown by the
C/U ratio, it was proven that there is statistical significance in the
first group, while it does not exist in the second group. Examination
of the postnatal condition of the newborn by determining the AS
1 and 5 values was found to be statistically significant in both

examined groups. This confirms the main goal of the study, which
is to reduce the frequency of undesirable outcomes for the mother
and the fetus. Both Zeisler’'s and Hudn’s study and numerous
international studies dealt with this issue, and they proved that the
measurement of the sFlt-1/PIGF ratio has statistical significance in
the prognosis of preeclampsia, and therefore in the improvement
of perinatal morbidity and mortality [3,12].

World guidelines for the management of preeclampsia in
pregnancy recommend measuring of the sFlt-1/PIGF ration in
the prediction of the preeclampsia occurrence, which is certainly
shown by our study [3].

Conclusion

There are numerous evidence proving that preeclampsia is
a systemic disease that affects multiple organs, and the isolated
clinical criteria are not adequate to predict adverse outcomes. The
use of markers related to angiogenesis, including the sFlt-1/PIGF
ratio, to predict the occurrence of preeclampsia has found wide
application in medical practice and it is recommended by certain
national guidelines for obstetricians and gynecologists. Our study,
with its results, which does not deviate significantly from other
similar studies, showed that the determination of the sFlt-1/
PIGF ratio significantly contributes to the timely diagnostics of
preeclampsia, and further contributes to reducing the frequency
of adverse outcomes for the mother and fetus, including iatrogenic
premature births, and thus also to reducing costs related to
hospitalizations.
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