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Pediatric and Adolescent Gynecology — diagnostic
and therapeutic trends
Agnieszka Drosdzol-Cop , Dominika Orszulak
1Chair and Department of Gynecology, Obstetrics and Gynecological Oncology, Faculty of Health Science in Katowice,

Medical University of Silesia in Katowice, Poland

Pediatric and adolescent gynecology is a topic that gynecologists, pediatricians, pediatric surgeons, pediatric endocrinologists or dermatologists face in their daily practice.
It encompasses a range of gynecological problems, such
as vulvovaginal infections, vulvar dermatoses, precocious
puberty, menstrual disorders, heavy menstrual bleeding or
neoplasms of the reproductive organs, as well as situations
in which the doctor encounters sexual abuse or rape of
an adolescent patient [1, 2].
Vulvovaginal infections are one of the most common
reasons for a parent to visit the Pediatric or Child and
Adolescent Gynecology Outpatient Clinic with the child.
The etiologic agent of vulvovaginitis before adolescence
most often includes: infections with Enterococci, Escherichia
coli, Streptococcus viridans, Group A Streptococcus, Hemophilus influenzae and among adolescent girls: candida, BV
(bacterial vaginosis) infections and Trichmonas vaginalis. Girls
report itching of the anal and/or vulvar area, burning, accompanied by dysuric symptoms, discharge, and on gynecological examination erythema is noted [3, 4]. In the case
of recurrent reproductive tract infections, the presence of
a foreign body or the possibility of sexual harassment should
always be considered [3, 4]. The principles of the gynecological examination of a juvenile patient are described in
detail in the 2020 Recommendations of the Expert Group of
the Polish Society of Gynecologists and Obstetricians [5, 6].
Another extremely important issue in pediatric gynecology are dermatoses of the vulva with special attention
to lichen sclerosus vulgaris (VLS) — a chronic inflammatory disease of unclear etiology. VLS is characterized by
clearly demarcated, pallid, atrophic skin lesions, involving
lesions on the mucous membranes of the vulva and anal
skin („figure-of-eight“ sign) [7, 8]. 15–34% of cases among
women and about 14% among girls coexist with allergies
or autoimmune diseases, such as vitiligo, thyroiditis, type
1 diabetes, psoriasis, celiac disease and alopecia areata [9].

Early recognition and prompt implementation of treatment
(0.05% clobetasol propionate ointment, 1st-line therapy)
is crucial in preventing long-term complications of lichen
sclerosus vulgaris - especially in girls, such as adhesions,
resorption of the labia minora, clitoris [7, 8].
In daily medical practice, adolescent female patients
with menstrual disorders constitute a large group. Among
teenage girls, the most common cause of irregular menstruation is functional amenorrhea of hypothalamic origin
(FHA), hyperprolactinemia, and polycystic ovary syndrome
(PCOS). An in-depth differential diagnosis of menstrual cycle disorders should always be carried out in the following clinical situations: cycles < 21 days and > 90 days in
the first year after menarche; cycles < 21 days and > 45
days one to three years after first menarche; cycles < 21 days
and > 35 days more than three years after menarche; and
for primary amenorrhea after age 15 or after > 3 years after
thelarche [10–12].
A major problem in pediatric gynecology is juvenile
bleeding (metrorrhagia juvenilis). Metrorrhagia juvenilis
is characterized by profuse bleeding from the genital tract
with clots (> 80 mL), lasting more than 10 days, often leading to profound anemia, which is not associated with any
organic pathology of the reproductive organs or chronic
diseases [13–15]. Juvenile bleedings are the result of immaturity of the hypothalamic-pituitary-ovarian axis and
more than 90% are caused by lack of ovulation. In cases of
heavy and prolonged menstrual bleedings, von Willebrand
factor levels and coagulation system should always be assessed [13–15]. Treatment of adolescent bleedings depends
on the severity of bleeding and serum hemoglobin levels. Pharmacotherapy includes hormonal treatment with estrogens to heal bleeding sites in the atrophic endometrium
and stimulate its proliferation, and progestogens (in the
luteal phase) to stabilize the endometrium and regulate
the menstrual cycle [13–15].
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Diagnostic and therapeutic challenges in this age
group of patients are undoubtedly malignant tumors of
the reproductive organs. Malignant tumors of the ovary
in the pediatric population are histologically different
from those in adult women - the predominant type is
non-epithelial malignant tumors of the ovary, which account for 3–6% of all malignant tumors in the juvenile
[16, 17]. In 2022, detailed guidelines for the diagnostic
and therapeutic algorithm for ovarian tumors in children
were developed [17]. The primary goal of ovarian tumor
diagnosis is to determine the nature of the lesion (benign,
malignant) and to assess the possibility of sparing surgical
treatment and to verify the need for surgery in the case of
a non-malignant lesion [17].
Gynecologists who specialize in the care of adult women
are not always prepared to treat children as well. Therefore,
in the case of girls‘ gynecological problems, parents often
have a difficulty getting a proper diagnosis and treatment
quickly. Moreover, due to the specific characetr of pediatric
and adolescent gynecology and the dynamic progress of
knowledge, the cooperation of specialists in various fields
of medicine is necessary in order to provide juvenile patients
with comprehensive care with a sense of security.
Conflict of interest
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Adipocyte related peptides — galanin and resistin
in endometrioid type endometrium cancer
Sumeyra Nergiz Avcioğlu , Hasan Yüksel
Adnan Menderes University Faculty of Medicine Department of Obstetrics and Gynecology Aydın, Turkey

ABSTRACT
Objectives: The aim of (this) study was to investigate concentrations of galanin and resistin in patients with endometrioid
type endometrium cancer.
Material and methods: A total of 85 patients (52 Endometrioid type Endometrium Cancer patients and 33 healthy
controls) were included in the study. Serum galanin and resistin levels were measured by an enzyme-linked immunosorbent assay (ELISA).
Results: It was found that the sensitivity and specificity of galanin at the cut off level of 0,37 ng/mL, was 82.96%
and 68.78% respectively (AUC = 0.795, CI:0.691-0.898, p < 0.001). Sensitivity and specificity of resistin at the 0.27 ng/mL
cut off level, was found to be 82.95% and 59.12% respectively (AUC = 0.705, CI:0.588-0.822, p < 0.001) for prediction of
endometrioid type endometrium cancer diagnosis. Bivariate logistic regression analysis showed that, increased galanin
concentration, greater than 0.37 ng/mL, increased the risk of having endometrioid type endometrium cancer 10.2 times
(95% CI: 3.425-30.881, p < 0.001) and resistin concentration > 0.27 ng/mL, increased the risk of having endometrioid type
endometrium cancer 5.6 fold (95% CI: 1.939-16.282, p = 0.001). On the other hand, according to adjusted Odds Ratio results
of the multiple logistic regression analysis, effect of interaction between galanin and resistin on having endometrioid
type endometrium cancer was statistically significant. Increased galanin concentration > 0.37 ng/mL with increased
resistin concentration > 0.27 ng/mL had adjusted Odds Ratio = 27.182 times greater risk of having endometrioid type
endometrium cancer (95% CI: 6.653 to 111.109, p < 0.001).
Conclusions: Increased galanin and resistin levels, either separately or together with, seemed to increase the risk of
endometrioid type endometrium cancer other than different risk factors.
Key words: galanin; resistin; adipose tissue; endometrioid type endometrium cancer
Ginekologia Polska 2022; 93, 12: 941–947

INTRODUCTION
The most common gynecological malignancy worldwide is cervical cancer, while endometrial cancer remains
leading gynecological neoplasm in developed countries
[1]. Obesity has been the most important risk factor blamed
for EC for many years. In obesity, aromatization of androstenedione to estrone was increased in adipose tissue
and cause increase in estrogen levels in circulation. From
clinical and epidemiological studies, in EC classification,
there two groups; type I and type II tumors. Two types of
tumor have different patterns of molecular changes underlying pathogenesis. In EC, 80% of the cancers were Type
I tumors. This type demonstrates low-grade endometrioid
histology. They frequently develop on the basis of premalignant hyperplastic lesions. Unlikely, Type II cancers are mostly

of non-endometrioid serous or clear-cell histology. They are
not related to hyperestrogenism and mostly seen in older
women atropic endometrium [2]. So, the association is not
totally accounted for by aromatization. Genetic mutations
(such as in phosphatase tensin homolog, PTEN) were investigated in the pathogenesis of EC. In addition, adipocytes
derived factors have also blamed for the regulation of cancer
cell growth [3]. Insulin resistance may also help to explain
the missing link between obesity and EC.
There have been researches claiming adipocytes related
peptides in pathogenesis of EC. It is known that increased
levels of these adipokines can cause initiation, progression, and metastasis of tumors [4]. Galanin and resistin are
two of them. Galanin is a 30-amino acid peptide. It has
three specific receptors galanin receptor 1–3 (GALR1–3).
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Mainly, galanin and its receptors are expressed in the central
and peripheral nervous systems and function in neurotransmission. This neuroendocrine peptide also stimulates food
intake and regulates energy metabolism [5]. Recently, galanin has been also shown to regulate cell proliferation and
survival in many tumors [6]. For example there have been
many genetic researches about galanin in head and neck
tumors, gastrointestinal tumors like colon and pancreas,
and intracranial tumors like hypophysis adenoma [7]. However there has been only one research about GALR1 methylation in vaginal swabs of patients with EC [8].
Resistin is another adipokine having 114 amino acids.
It is a member of the resistin-like family of proteins. It was
shown that resistin acts as a link between obesity, insulin
resistance and diabetes mellitus (DM) in animal studies. Besides a positive correlation was determined between resistin
levels and pro-inflammatory factors in many diseases like
respiratory tract inflammation, renal disease, atherosclerosis [9]. Because of its relationship between inflammation
and comorbidities of cardiovascular disease, resistin has
been also blamed as a potential risk factor of metabolic
syndrome. Higher serum resistin level was determined in
adults with metabolic syndrome compared to healthy people [10]. There have been researches about resistin in various
cancer types like pancreas, breast, gastric, colorectal and
esophageal cancers [11].
The aim of the current study was to investigate concentration of two adipocyte related peptides: galanin
and resistin in patients with endometrioid type endometrium cancer (EEC).

MATERIAL AND METHODS
This prospective cohort study was conducted at Adnan Menderes University Hospital. The Ethics Committee of
Adnan Menderes University approved the study. Informed
consent was taken from all of the patients. Fifty-two histologically confirmed EEC women were included in the
study population. Prior to surgery, none of them had undergone radiotherapy or chemotherapy. In control group,
there were age and BMI matched patients, presenting with
abnormal uterine bleeding and histologically confirmed
benign conditions. Patients with any other cancer diagnosis
were excluded.
Demographic information (obstetric history, age, hypertension, DM, and family history of DM) was included.
Formula of weight (kg)/height2 (m2) was used for Body Mass
Index (BMI) calculation. Blood analysis of each patient was
performed in morning after at least 6 hrs fasting, before
surgery. Fasting insulin, fasting blood glucose, High Density
Lipoprotein (HDL), Low Density Lipoprotein (LDL), total
cholesterol (TC), triglyceride (TG), levels were measured. Insulin resistance was determined by the homeostasis model
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assessment -resistance index (HOMA-IR) [11]. Matthews’ Formula [13] as: [fasting plasma insulin µIU/ml x fasting plasma
glucose (mg/dl)] / 405 was used for HOMA-IR calculation.
Enzyme immunoassay (ARCHITECT CA 125 II Reagent Kit
and ARCHITECT CA 19-9 Reagent Kit, ARCHITECT CA
15-3 II Reagent Kit- Abbott Laboratories, USA-North Chicago-Illinois) was used for measurement of plasma levels of CA15-3,
CA-125, CA19-9.
Patients in study and control groups gave fasting venous
blood in morning to determine serum levels of galanin,
resistin and other biochemical parameters. Within 30 min of
collection, the blood samples were immediately centrifuged
for 15 min at 1000 × g at 4 °C for measurement of galanin
and resistin. Serum was stored at −80 °C until measurement.
ELISA assays [Human Galanin ELISA kit and Human Resistin
ELISA kit; Sunred Biological Technology, Shanghai, China]
were used to determine levels of galanin and resistin
In hysterectomy specimens, pathologic examination
was performed. A modified World Health Organization
(WHO) classification system was used to determine the
histological type and grade of the primary tumors. Besides
endometrial type endometrium cancer (ECC) staging was
performed based on a modified 2009 International Federation
of Gynaecology and Obstetrics (FIGO) staging system [14].

Statistical analysis
Statistical Package for the Social Sciences (SPSS)
18 statistical analysis program was used. The Kolmogorov-Smirnov test was used to assess the normality
of numeric variables. For the numeric variables that were
normally distributed, comparison between two groups was
made by independent sample t test and descriptive statistics
are presented as mean ± standard deviation. For the numeric
variables that were not normally distributed, comparison
between two groups was made by Mann–Whitney U test
and descriptive statistics are presented as median (25–
–75 percentiles). A chi-square test was used to analyze the
categorical data, and descriptive statistics are presented as
frequency (%). Pearson correlation was used for quantitative data and Spearman correlation was used for qualitative
data. Receiver operator characteristic (ROC) curve analysis
and calculation of the area under the curve (AUC) were
performed. We used the logistic regression analysis in order
to determine effects of risk factors for illness of EEC. The p
values < 0.05 were considered statistically significant.

RESULTS
In the present study, a total of 52 women with EEC
and 33 controls were included. Demographic, clinical,
and biochemical data of women with and without EEC were
presented in Table 1. Mean age of patients in control group
was 54.57 ± 10.21 and 58.52 ± 7.51 in patients with EEC.

www. journals.viamedica.pl/ginekologia_polska

Sumeyra Nergiz Avcioğlu, Hasan Yüksel, Galanin and Resistin in endometrioid type endometrium cancer

Table 1. Demographic and biochemical characteristics of women with ECC and controls
Control Group (n = 33)

EEC Group (n = 52)

p

Age [years]

54.57 ± 10.21

58.52 ± 7.51

0.091

BMI [kg/m2]

31.12 ± 5.91

32.89 ± 5.03

0.192

DM [n,%]
Familial DM[n,%]

2 (7.1%)

20 (38.4%)

0.005

10 (30.3%)

24 (46.15%)

0.026

8 (24.2%)

25 (48.07%)

0.043

FBG [mg/dL]

102.25 ± 23.74

127.38 ± 44.83

0.168

FI [μIU/mL]

8.42 (6.20–12.64)

13.48 (8.72–22.43)

0.029

HOMA-IR

2.29 (1.38–3.18)

3.86 (2.04–7.52)

0.005

TC [mg/dL]

173.58 ± 36.28)

212.85 ± 47.54

0.018

HDL[mg/dL]

39.55 (33–52.50)

47 (36–57)

0.328

LDL[mg/dL]

114.72 ± 31.22

128.78 ± 31.08

0.064

TG [mg/dL]

108.48 (86.55–132)

134 (98–197)

0.051

CA125 [U/mL]

12.32 (9.80–16.47)

16.2 (8.30–27.18)

0.375

CA19-9[U/mL]

7.16 (3.18–19.31)

14.61 (6–35.48)

0.046

CA15-3[U/mL]

15.96 ± 8.25

17.45 ± 8.34

0.810

Galanin [ng/mL]

0.24 (0.11–0.49)

0.61 (0.44–0.82)

< 0.001

Resistin[ng/mL]

0.27 (0.07–0.49)

0.43 (0.28–0.65)

0.004

HT [n,%]

ECC — Endometrial type endometrium cancer; BMI — body mass index; DM — diabetes mellitus; HT — hypertension; FBG — fasting blood glucose; FI — fasting
insulin; HOMA-IR — Homeostasis Model Assessment-Insulin resistance; TC — total cholesterol; HDL — high density lipoprotein; LDL — low density lipoprotein; TG
— triglycerides; p; difference between women with ECC and controls; p value less than 0.05 was considered statistically significant

All patients were at postmenopausal period defined as
amenorrhea for one year and blood follicle stimulating
hormone (FSH) level greater than 40 ng/ml. Serum galanin
and resistin levels were found higher in patients with EEC
compared with control group (p < 0.01).
Correlation analysis between demographic, clinical
and histopathologic characteristics with serum galanin and
resistin levels of all patients was performed in study. Serum
galanin levels were positively correlated with BMI (r = 0.434,
p < 0.01), fasting insulin (r = 0.401, p < 0.01) levels and
HOMA-IR (r = 0.362, p = 0.01). Resistin concentrations were
also positively correlated with fasting insulin (r = 0.272,
p = 0.02) and HOMA-IR (r = 0.262, p = 0.023) but not correlated with BMI (p > 0.05). (Tab. 2) Among all participants,
in patients with age < 60 y, only galanin was correlated with
BMI (r = 0.533, p < 0.01), fasting insulin(r = 0.439, p = 0.003)
and HOMA-IR (r = 0.392, p = 0.006) .In patients with age ≥60,
only resistin was positively correlated with fasting insulin
(r = 0.433, p = 0.21) and HOMA-IR (r = 0.474, p = 0.011) but
not correlated with BMI (p > 0.05). In patients older than 60,
galanin concentration was not correlated with BMI, fasting
insulin and HOMA-IR (p > 0.05).
In EEC group, 52 patients were included. In that group,
only galanin levels were positively correlated with BMI
(r = 0.492, p < 0.001). Galanin concentrations were higher in patients having BMI ≥ 30 kg/m2 than patients with
BMI < 30 kg /m2 (p < 0.016). However resistin concentrations

Table 2. Correlations between galanin and resistin with demographic
and biochemical characteristics
Galanin (ng/mL)

Resistin (ng/mL)

Variables

r

p

r

p

Age [years]

0.052

0.653

–0.026

0.816

BMI [kg/m2]

0.434

< 0.01

0.096

0.412

FBG [mg/dL]

0.74

0.514

0.069

0.571

FI [ μIU/mL]

0.401

< 0.01

0.272

0.02

HOMA-IR

0.362

0.001

0.262

0.023

HDL [mg/dL]

–0.022

0.843

–0.127

0.284

LDL [mg/dL]

0.164

0.171

0.105

0.390

TG [mg/dL]

0.141

0.224

0.265

0.022

TC [mg/dL]

0.165

0.155

0.137

0.235

CA125 [U/mL]

–0.056

0.624

0.064

0.597

CA15-3 [U/mL]

0.010

0.941

–0.060

0.620

CA19-9 [U/mL]

0.026

0.840

0.107

0.376

BMI — body mass index; FPG — fasting blood glucose; FI — fasting insulin;
HOMA-IR — Homeostasis Model Assessment-Insulin resistance; TC — total
cholesterol; HDL — high density lipoprotein; LDL — low density lipoprotein;
TG — triglycerides; r —correlation coefficient; statistical significance p < 0.05

were not different between obese and nonobese patients
in EEC group. Galanin and resistin concentrations were not
different in patients with age < 60 and ≥ 60 years (p > 0.05).
According to separate correlation analysis for ECC group
and control group, only in ECC group galanin was correlated

www. journals.viamedica.pl/ginekologia_polska

943

Ginekologia Polska 2022, vol. 93, no. 12

Table 3. Logistic regression analysis of having EEC as dependent
variable

ROC Curve

1.0

Variables

Sensitivity

0.8

0.6

0.4

0.2

0.0

Galanin
Rezistin
Refeence line
0.0

0.2

0.4
0.6
1 - Speci city

0.8

1.0

Figure 1. Receiver operating characteristic curves of the galanin
and resistin in all participants; ROC — receiver operator characteristic

with BMI (r = 0.493, p = 0.01),age (r = -0.330, p = 0.024),
HOMA-IR (r = 0.203, p = 0.01), fasting insulin (r = 0.280,
p = 0.05) and resistin was correlated with HOMA-IR (r = 0.306,
p = 0.037) and fasting insulin (r = 0.312, p = 0.033) but not
correlated with BMI. These correlations were not determined
in control group.
In our study, 31 patients (59.6%) were FIGO Stage 1A,
11 (21.3%) patients were FIGO Stage 1B, four patients (7.6%)
were FIGO Stage 2, three patients (6.4%) were FIGO Stage 3A,
three patients (6.4%) were FIGO Stage 3B according to FIGO
histopathologic staging system. Besides, 19 (36.5%) patients
had > ½ myometrial invasion and 33 (63.4%) patients had
EC with < ½ myometrial invasion. Only four patients (7.6%)
had lymph node metastasis. Median tumor diameter was
3.11 ± 1.36 (0.4–6.0) cm. In EC group, there was no statistical difference in serum galanin and resistin levels between
FIGO stage 3–4 EC and FIGO stage1-2 EC patients, patients
with > ½ myometrial invasion and < ½ myometrial invasion
(p > 0.05). There was no correlation between serum resistin
and galanin levels and grade of disease (p > 0.05). Only
serum galanin concentrations were determined lower in
patients with lymph node metastasis (p = 0.026).
It was found that the sensitivity of galanin > 0.3716 ng/mL
was 82.96% with a specificity of 68.78%, positive predictive
value (PPV) 81.4% and negative predictive value (NPV) 70.3%
(AUC = 0.795, CI:0.691–0.898, p < 0.001) and sensitivity of resistin > 0.27 ng/mL was 82.95% with a specificity of 59.12%,
PPV 75.2% and NPV 65.24% (AUC = 0.705, CI:0.588–0.822,
p < 0.001) for prediction for having the disease; EEC (Fig. 1).
Besides both galanin and resistin levels were measured
above cut off values in 37 EC patients.
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OR (95% CI)

p

BMI [kg/m2]

0.931 (0.802–1.079)

0.335

Age [years]

1.067 (0.994–1.147)

0.067

FBG [mg/dL]

0.995 (0.974–1.019)

0.720

FI [ μIU/mL]

0.758 (0.462–1.236)

0.263

HOMA-IR

3.847 (0.632–23.314)

0.145

TG [mg/dL]

0.994 (0.978–1.006)

0.991

HDL [mg/dL]

1.008 (0.966–1.054)

0.680

LDL [mg/dL]

0.985 (0.922–1.054)

0.682

TC [mg/dL]

1.018 (0.968–1.073)

0.472

Galanin > 0.3716 [ng/mL]

1.888 (0.273–13.030)

0.519

Resistin > 0.2757 [ng/mL]

1.048 (0.163–6.767)

0.961

27.182 (6.653–111.109)

< 0.001

Galanin > 0.3716 [ng/mL] by
Resistin > 0.2757 [ng/mL]

BMI — body mass index; FBG — fasting blood glucose; FI — fasting insulin;
HOMA-IR — Homeostasis Model Assessment-Insulin resistance; TC — total
cholesterol; HDL — high density lipoprotein; LDL — low density lipoprotein;
TG — triglycerides; statistical significance p < 0.05

Bivariate logistic regression analysis showed that, increased galanin concentration, greater than 0.37 ng/mL,
increased the risk of having EEC 10.2 times (95% CI: 3.425–
–30.881, p < 0.001) and resistin concentration > 0.27 ng/mL,
increased the risk of having EEC 5.6-fold (95% CI: 1.939–
–16.282, p = 0.001). On the other hand, according to adjusted Odds Ratio results of the multiple logistic regression analysis, effect of interaction between galanin and
resistin on having EEC was statistically significant. Increased
galanin concentration > 0.37 ng/mL with increased resistin concentration > 0.27 ng/mL had adjusted Odds Ratio = 27.182 times greater risk of having EEC (95% CI: 6.653 to
111.109, p < 0.001) (Tab. 3).

DISCUSSION
In present study, age and BMI matched study and control group were included. Serum concentrations of resistin
and galanin were found to be higher in patients with EEC.
There have been no study investigating both galanin
and resistin in this group of women. To the best of our
knowledge, there have been only one study about increased
GALR1 methylation in vaginal swabs of patients with EC
[8]. Besides, only one study was observed determining increased resistin concentrations in patients with EC [15].
In present study, serum galanin concentrations were
positively correlated with BMI. This is similar to some recent
studies. Mainly in literature, it is known as galanin increases
food intake and cause tendency to obesity in animals by
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way of GAL1 receptors. Only in limited number of studies,
there was interestingly, no difference in plasma galanin concentration between obese and normal weight women [15].
Besides, in present study, it was determined that galanin was correlated with fasting insulin and HOMA-IR. In
literature there have been conflicting results about galanin
and insulin resistance. Bu L et al. determined that, in healthy
and type 2 diabetic rats, to accelerate glucose uptake
and to increase insulin sensitivity, endogenous galanin may
enhance GLUT4 translocation, through its central receptor,
[16]. Interestingly, in literature it is known that galanin suppress the release of insulin from the pancreatic islets. In dogs,
it was determined that, in a dose-dependent manner synthetic galanin was found to inhibit basal insulin secretion.
In vitro, glucose-stimulated insulin secretion from isolated
rat pancreatic islets ß cells, was inhibited by galanin and
its fragment galanin (1–15) NH2. So there seems to be the
dual effect of endogenous galanin. One is to inhibit insulin
secretion and the other is facilitating GLUT4 translocation
and elevating insulin sensitivity and glucose intolerance [17].
In present study, serum galanin concentrations were
not correlated with TG, TC, HDL and LDL levels. However in
literature, it was reported that the galanin contents were
positively correlated with elevated circulating triglyceride levels in rats and humans. There have been data supporting the hypothesis that galanin increases fat storage
and induces obesity by increasing muscle to utilize carbohydrate more than fat [18]. Conflicting results may be
due to optimal control of blood lipids by drugs, diets and
routine exercise. Besides, in studies determining relationship
between TG and galanin were performed mostly in animals
with high fat diet rather than high carbohydrate.
In present study, majority of patients were obese. Resistin was not correlated with BMI. In literature, some studies
showed that there might be a correlation between higher
serum resistin levels and higher BMI and obesity [19] however contradictory studies have been published so far. For
example, in patients with postmenopausal breast cancer,
resistin was not correlated with BMI [20]. Similar to result
of our study, Hlavna et al., stated that resistin levels were
not correlated with BMI [15].
In our study, resistin levels were positively correlated
with HOMA-IR and fasting insulin. However, again like correlation between BMI and resistin, association between insulin
resistance and resistin has not been consistently observed
in human clinical studies [21] and at time, the role of resistin in metabolic deregulations remained as controversial.
Some authors indicated that increased serum resistin levels
were associated with increased obesity, visceral fat [22]
type 2 diabetes and metabolic syndrome [23] while other
groups failed to observe such correlations [24]. In a study
of 45 mixed cancer patients versus 25 healthy controls,

resistin and its relation to weight loss, appetite and insulin
resistance along with other adipokines was investigated.
Resistin levels were similar between groups and did not
correlate with body weight, body weight change, appetite
and insulin resistance [25]. Conflicting results about resistin
might be due to fact that, resistin was a marker of visceral
obesity and due to that, might not be correlated with BMI
of patients but correlated with fasting insulin and HOMA-IR.
In present study, we have determined that resistin was
directly correlated with TG but not with HDL, LDL and TC
levels. Correlated with, in literature, the studies investigating
the role of resistin in dyslipidemia are highly contradictory.
It is known that resistin seems to activate de novo hepatic
lipogenesis and control peripheral lipid metabolism [26].
Some studies have found that plasma resistin levels were
positively correlated with serum apolipoprotein B levels
and triglycerides [27]. It was also found that it was inversely correlated with HDL cholesterol [28] and apolipoprotein A1 levels. It was determined that these associations were primarily
in women. Whereas only TG levels were found to correlate
with plasma resistin levels in men [29]. So gender may affect
the relationship between lipid concentrations and resistin.
Among all participants, for galanin, it was also determined that correlation between BMI, fasting insulin
and HOMA-IR was observed especially in patients younger
than 60 years. That difference might be due to receptor
sensitivity with age. Because, in literature, there have been
researches about decreased Gal1R expression with age [30].
So, researches performed at different galanin receptor types
are needed. For resistin, it was also determined that correlation between fasting insulin and HOMA-IR but not with
BMI, was observed especially in patients older than 60. That
might be probably due to the increase in the body visceral
fat content with age.
In the present study, both galanin and resistin had
predictive value for having EEC. Of course, it was important to differentiate if these markers were higher in EEC
group and had predictive value due to interaction between
these parameters and demographic and clinical properties of the patients or only the reason was having disease
EC. First of all, age and BMI matched study and control
group were included. Besides, in our study, mean age of
control and EEC group was < 60 years and in this population only galanin was correlated with BMI, fasting insulin
and HOMA-IR but resistin was not correlated with these
demographic parameters. This show us both increase in
galanin and resistin increase risk of having EC but especially
resistin increase may directly-not influenced by demographic parameters- increase risk of having EEC. This is same as
study of Ozgor Yüksel B and et al. [31]. They, first time, had
demonstrated that Resistin 420 G > C and 62 G > A gene
polymorphisms play a role in EC development.
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In EEC group, it was determined that maternal galanin
and resistin concentrations were not different in patients
with more than half of myometrial invasion, grade and stage.
Only galanin concentrations were lower in patients with
lymph node positivity. In literature there have been different clinical studies about resistin and galanin concentrations in different cancer types. For galanin, it was shown
that galanin receptor 2 (GALR2) re-expression can inhibit
cell proliferation and induce apoptosis in head and neck
squamous cell cancer (HNSCC) cells with mutant p53 [32].
The galanin expression level was significantly increased with
tumor size and tumor stage in colon cancer. There have been
also studies about triple therapy with octreotide, galanin
and serotonin appears to improve the survival rate of the
mice bearing human pancreatic carcinoma. Galanin has
also been known to be involved in pathophysiology of neuroendocrine tumors and the carcinogenesis [7]. In another
study performed in patients with cutaneous melanoma,
galanin showed no relationship with any of the clinical
and histological prognostic markers [33]. On the other
hand, it was determined that resistin increases metastasis of
chondrosarcoma [34] pancreatic cancer, gastric cancer [35].
In present knowledge, only one study for each marker in EC,
but telling nothing about different stages of disease [8, 15].
However there are some limitations to our study. According to FIGO histopathologic staging system, 31 patients
(59.6%) were FIGO Stage 1A, 11 (21.3%) patients were FIGO
Stage 1B, 4 patients (7.6%) were FIGO Stage 2, 3 patients
169 (6.4%) were FIGO Stage 3A, 3 patients (6.4%) were FIGO
Stage 3B. The main limitation of the study is low number
of patients with EC in advanced stages — therefore comparison of galanin and resistin between patients in different
stages is unavailable.Besides we were not able to analyze
the serum value of galanin and resistin of patients with ECC
after treatment of cancer. It is because some patients in the
study have been lost to follow up after treatment. Further
studies are advised to analyze this. Patients complicated
with precancerous lesions like atypical hyperplasia which
is pre-cancer state were not within the scope of the current study. Subsequent studies should further analyze this
issue. We think it is cost-effective to check the serum values
of these markers. Performing serum value of both markers
costs about 15 dollars. But our study was not a study to
establish the cost-effectiveness of these markers. But it is
advised to check the cost-effectivity in subsequent studies. In present study, we also did not study expression of
galanin and resistin in tissue of ECC immunohistochemically
due to financial cost. This is another limitation of our study.
Further studies should analyze the expression of galanin
and resistin in EEC cells or should analyze the expression or
the concentration of galanin and resistin by human endometrial cell lines or culture solution.
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CONCLUSIONS
In conclusion, increased galanin and resistin levels-especially resistin- either separately or together with
seemed to increase the risk of EEC other than different risk
factors including having DM, increased BMI and age etc, in
our age and BMI matched groups study. Data of present
study supported the fact that adiposity and inflammation,
may have significant interaction effect in pathogenesis of
EEC. However present study is a preliminary study, including small number of cases. So multicenter, may be genetic
and molecular researches including high number of cases,
with different stages of illness are needed to make a comparison and confirm results of our study.
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ABSTRACT
Objectives: Both polycystic ovary syndrome (PCOS) and autoimmune thyroiditis (AT) are reported to be common
endocrinopathies. In recent years the number of publications assessing the coexistence of these two disease entities in
adult women has been growing. There are many suggestions regarding pathophysiological mechanisms that can cause
the relationship between AT and PCOS. However, there is still a lack of research among adolescent girls.
The aim of the study was to analyze the occurrence of autoimmune thyroiditis in adolescent girls with PCOS.
Material and methods: The study group included 80 girls diagnosed with PCOS (chronological age: 16.54 ± 1.00 years,
BMI: 22.80 ± 3.27 kg/m2), and the control group — 64 regularly menstruating girls (chronological age: 16.71 ± 0.63
years, BMI: 24.8 ± 5.2 kg/m2). The thyroid function and morphology were assessed based on the concentration of thyroid
stimulating hormone (TSH), free thyroxine (fT4), anti-thyroid peroxidase (anti-TPO), anti-thyroglobulin (anti-TG) antibodies and ultrasound scan of the thyroid gland.
Results: AT was diagnosed in 18 (22.5%) girls from the study group and nine (14.06%) from the control group (p > 0.05).
Positive anti-TPO titer was observed more often in the study group [21 patients (26.25%)] than in the control group
[9 girls (14.06%)] (p = 0.054). Moreover, an abnormal ultrasound scan of the thyroid gland characteristic for AT was found
in 18 girls from the study group (22.50%) and 8 girls from the control group (12.50%) (p > 0.05).
Conclusions: The results of the analyzed studies do not confirm a significant relationship between PCOS and AT in adolescent girls. However, in the group of girls with PCOS, autoimmune process exponents were more frequent (anti-TPO),
reaching the borderline level of statistical significance.
Key words: polycystic ovary syndrome; autoimmune thyroiditis; adolescent girls
Ginekologia Polska 2022; 93, 12: 948–953

INTRODUCTION
Polycystic ovary syndrome (PCOS) is considered one of
the most common endocrinopathy in women of reproductive age, and depending on the diagnostic criteria adopted,
may affect 6–15% of women [1]. In the literature, we can find
very divergent data on the epidemiology of PCOS in adolescents most likely due to the frequently modified, non-uniform PCOS criteria in adolescent girls and the large diversity
of the group. It is estimated that PCOS may affect 0.56–
3.1% of adolescent girls (based on the scarce data) [2, 3].
While the diagnosis of PCOS among adult women is wide-

spread and established, the subject should be approached
with some caution among adolescent girls. Diagnosis in this
age group is difficult and often requires long-term follow-up
because what is considered pathology in adult women may
not always be pathology in adolescent girls.
Thyroid dysfunction is also a common endocrinopathy and autoimmune thyroiditis (AT) comes to the fore in
terms of its prevalence which may affect 5–20% of women
of reproductive age and is the most common cause of hypothyroidism in women [4]. It is estimated that AT occurs
in 0.3%–9.6% of children, and it affects girls more often
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than boys, with a frequency ratio of even 4:1 to 8:1 depending on the ethnic group [5].
To date, several studies evaluating the relationship
between AT and PCOS have been published. These studies were conducted on adult women. So far, no clear conclusions have been drawn and research on the search for
pathophysiological pathways connecting these disease
entities is still ongoing. The mechanisms responsible for
the development of autoimmune thyroid processes are complex and include genetic and environmental factors, such as
iodine intake in the diet, drugs, infections [6, 7]. Hormones
also influence autoimmune processes. Similarly, among
the etiological factors of PCOS, genetic factors are mentioned, as well as hormonal and metabolic factors [8–12].
Recently, the possible autoimmune basis of PCOS has been
increasingly emphasized [13], which is confirmed by the
published data describing the increased prevalence of AT
among women with PCOS [14]. There are no reports analyzing the above relationship in the group of teenagers. For
this reason, we undertook a study aimed at assessing the
frequency of thyroid disorders, especially autoimmune thyroid disorders, in adolescent girls with PCOS.

MATERIAL AND METHODS
A total of 144 patients were qualified for the research.
Eighty girls were included in the study group, while
the remaining 64 regularly menstruating girls were included
in the control group. The study group was previously described in Skrzynska et al. [15]. It included adolescent girls
who, based on the conducted diagnostics, met all the criteria
for the diagnosis of PCOS. The presence of the antibodies
against thyroid peroxidase (anti-TPO) above 35 IU/mL and/or
antibodies against thyroglobulin (anti-Tg) above 40 IU/mL
with characteristic for AT thyroid image on USG was required
to make a diagnosis of AT [16]. Abnormal thyroid function
was not a necessary criterion to diagnose AT.
Both, in the study group and in the control group patients were qualified to participate in the study considering
the following exclusion criteria:

Ū
Ū

eating disorders of the anorexia nervosa type, bulimia;
hyperprolactinaemia [concentration of prolactin
(PRL) ≥ 36 µg/L];
Ū adrenal cortex dysfunction;
Ū decompensated, clinically significant disorders of the
thyroid gland (TSH level < 0.4 mIU/L or > 10.0 mIU/L);
Ū taking drugs within the last 3 months that could interfere with the determination of sex hormone levels.
Patients’ data were analyzed: age [years], anthropometric measurements (body weight [kg], height [cm], BMI
[kg/m2]), gynecological age [years], age of menarche [years],
hirsutism assessed according to the Ferriman–Gallwey
scale [points], parameters of thyroid function (thyrotropic
hormone — TSH [mIU/L], free thyroxine — fT4 [pmol/L],
anti-TPO [IU/mL], anti-TG [IU/mL]), and the image
of the thyroid gland. In the ultrasound examination using
the Siemens Medical Solution USA, Inc. apparatus, equipped
with the VFX 13-5 linear probe. As an image characteristic of
autoimmune thyroiditis, we adopted the description of the
heterogeneous, hypoechoic structure of the thyroid gland.

Statistical analysis
The obtained results were analyzed statistically using
the Statistica 13.3 PL software. The quantitative variables
were described with mean (standard deviation) and qualitative variables were defined by frequency (%). Chi-square
test for qualitative and Student’s t test for quantitative data
comparison of variables between the groups were used,
as appropriate. A p value less than 0.05 was considered
statistically.
The Bioethics Committee of the Medical University of
Silesia approved the study (KNW/0022/KB/70/16). Considering the retrospective nature of the work, the Bioethics
Committee did not require additional patient consents.

RESULTS
The clinical characteristics of the groups is presented
in Table 1. No significant differences were found in chronological age, BMI and age of menarche between the groups

Table 1. Comparison of the clinical and hormonal characteristics of the study and control groups
Variable

Study group
n = 80

Control group
n = 64

p

Age [years]

16.54 ± 1.00

16.71 ± 0.63

> 0.05

BMI [kg/m2]

24.60 ± 4.16

22.80 ± 3.27

> 0.05

Age of menarche [years]

12.00 ± 1.00

12.00 ± 1.00

> 0.05

Gynecological age [years]

3.79 ± 0.94

4.50 ± 0.92

0.01

Hirsutism [points]

6.47 ± 6.00

3.47 ± 4.00

0.003

Testosterone [nmol/L]

2.11 ± 0.70

1.51 ± 0.53

< 0.001

BMI — body mass index
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Figure 1. The incidence of positive anti-thyroid antibodies in the
study and control groups
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Figure 2. The frequency of occurrence of the image characteristic of
AT in the ultrasound examination in the study and control group

(p > 0.05). However, it was shown that the gynecological age
was significantly older in the control group than in the study
group (p = 0.01). On the other hand, hirsutism score was
significantly higher in the study group than in the control
group (p = 0.003). Testosterone concentration in the study
group was also higher than in the control group (p < 0.001).
Elevated anti-TPO titer was found in 30 girls (20.83%)
in total. In the study group the increased titer of anti-TPO was
reported in 21 patients (26.25%) and in the control group
— in 9 patients (14.06%) (p = 0.054). Moreover, 9 patients
from the study group (11.25%) had an increased titer of
anti-TG, while in the control group there were 3 such patients
(4.69%) (p > 0.05) (Fig. 1).
Eighteen girls from the study group (22.50%) and eight
girls from the control group (12.50%) had an abnormal
ultrasound scan of the thyroid gland characteristic for AT
(p > 0.05) (Fig. 2). The difference in thyroid volume between
the groups was also not significant (p > 0.05) and amounted
to 8.7 ± 3.4 mL in the control group and 9.2 ± 4.0 mL in the
study group.

950

4.06%

10.00

10
5

15.00

5.00
0.00

Incidence of AT

Figure 3. The frequency of AT diagnosis in accordance with the
diagnostic criteria adopted in the study and control groups

A total of 27 patients (18.75%) who participated in
the study met the AT criteria. Among them the major
part — 18 girls (22.50%) came from the study group and
9 (14.06%) from the control group. There was no significant difference in the incidence of AT between the groups
(p > 0.05) (Fig. 3).
In the study group 7 patients (8.75%) and in the control
group 9 (14.06%) had previously started treatment with levothyroxine due to hypothyroidism. Subclinical hypothyroidism (SH) was diagnosed in a total of 6 (4.17%) girls. None of
the patients diagnosed with SH had previously been treated
with levothyroxine. More patients with SH were recorded in
the control group [4 girls (6.25%)] than in the study group,
where such a diagnosis was made only in 2 patients (2.50%).
What is more, the difference in the incidence of SH was not
statistically significant (p > 0.05).

DISCUSSION
The aim of the study was to analyze the occurrence
of thyroid dysfunction, especially AT, in girls with PCOS.
The study group included 80 girls diagnosed with
PCOS, and there were 64 girls with regular menses in the
control group. AT was diagnosed in 22.5% of girls from the
study group and 14.06% from the control group (p>0.05).
Positive anti-TPO antibody titer (26.25%) was observed more
often in the study group than in the control group (14.06%)
(p = 0.054). There was no significant difference in the incidence of thyroid dysfunction between the groups.
The incidence of thyroid diseases seems to be increased
in women with PCOS what is suggested by published studies. Romitti et al. [17] in their meta-analysis conducted based
on 13 studies showed significant relationship between AT
and PCOS. It was found that AT is more common in women
with PCOS than in the control group, regardless of geographic
differences (OR = 3.27; 95% CI 2.32–4.63). The prevalence
of AT among women with PCOS in the compared studies
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ranged between 18.75% and 43.1%, while in the control
groups it ranged between 1.25% and 26.2%. Only in 2 out
of 13 studies the difference in the incidence of AT between
women with PCOS and healthy women was not significant.
The differences in the frequency of AT in individual studies
are most likely resulted from the variability of the adopted
AT diagnostic criteria between studies. What is more, Polish
research also showed a relationship between AT and PCOS.
The thyroid diseases were diagnosed in 31.3% of young
women with PCOS and 70% of all thyroid diagnoses were
AT, found in nearly 21% of the patients in the study group
[18]. These results are similar to the results obtained in our
study. We found AT in 22.5% of girls from the study group
and 14.06% from the control group. However, these values
did not differ significantly. One of the reasons for the lack of
a clear difference between the groups may be characteristics of our study group different from adult women group.
The course and the diagnostic criteria of PCOS in adolescent
girls are different than in adult women. In addition, studies
show that the prevalence of AT in women increases with
age, which is not seen in men. AT may affect 5–20% of
women of reproductive age and is the most common cause
of hypothyroidism in women [19]. However, it is estimated
that AT occurs only in 0.3%–9.6% of children in the pediatric
population and is much more common in girls than in boys,
with a frequency ratio of even 4:1 to 8:1 depending on the
ethnic group [5]. The lack of significant difference between
the prevalence of AT in the study group and the control
group can arise from the young age of the patients. It cannot be ruled out that with age this difference would gain
statistical significance also due to additional risk factors for
autoimmune diseases resulting from the hormonal profile
of women with PCOS and absent in healthy women. It is
emphasized, that sex hormones (estrogens, progesterone
and testosterone) have an impact on the functioning of
the immune system. In women with PCOS an increased
ratio of estradiol to progesterone might be involved in the
stimulation of the immune system and consequently in
the development of AT. The study involving population of
adolescent gills with PCOS showed, that in the group
of girls diagnosed with both PCOS and AT, the concentration
of E2 was significantly higher than in the group of girls with
PCOS but without AT (p = 0.04). Additionally, a significant
positive correlation between AT and estradiol concentration (rƴ = 0.27; p = 0.04) was found [15]. On the other hand,
the lack of a clear difference in AT prevalence between the
groups may also be related to the fact that both groups had
a similar but high BMI. This seems to be an advantage of the
study, because in this way the possible impact of obesity
on the incidence of AT in the group of girls with PCOS was
eliminated, as the latest research focuses on the relationship
between BMI and the occurrence of AT.

The differences in the prevalence of AT among women
with PCOS reported by different researchers might result
not only from the PCOS diagnostic criteria used, but also
from the diagnostic criteria for AT. Arduc et al. [20] obtained
similar to ours the prevalence of AT in patients with PCOS,
although the prevalence of AT in the control group differed
between the work of Arduc et al. and ours [20]. They showed
a significantly higher frequency of AT in women with PCOS
(22.1%) compared to the control group (5%) (p < 0.0004).
The similarity of AT prevalence in the study group with
the results of our study can be explained by the similar size
of the groups, the young age of the patients and the same
criteria for the diagnosis of AT, i.e., the presence of a positive
titer of anti-TPO and/or anti-TG and an ultrasound image
typical of chronic thyroiditis. In the study by Duran et al. [21]
AT was diagnosed in as many as 32.5% of women with PCOS
and in 23.3% in the control group. In order to diagnose AT,
it was enough to meet only 1 of the 3 mentioned criteria,
namely the presence of a positive titer of anti-TPO, a positive
titer of anti-TG or the description of an abnormal ultrasound
image characteristic of chronic thyroiditis.
Furthermore, numerous reports suggest that anti-TPO
are claimed to be a more sensitive indicator of the autoimmune process in the thyroid gland than anti-TG. For this
reason, some people refrain from determining the titer
of anti-TG and use only anti-TPO in the diagnosis of AT. In
our study, the frequency of positive anti-TPO titers in the
study group was higher than in the control group (26.25%
and 14.06%, respectively; p = 0.054). The frequency of elevated anti-TG titers was also higher in the study group, but
it did not differ significantly between the groups (p > 0.05)
and amounted to 11.25% in the study group and 4.69% in
the control group. Al Saab et al. [22], analyzing 56 patients
with PCOS, showed a positive titer of anti-TPO in 19.6% of
them compared to 3.3% in the control group (p = 0.037)
and a positive titer of anti-TG in 21.4% of women with
PCOS and only 3.3% without diagnosed PCOS (p = 0.026).
On the other hand, in a study by Janssen et al. [23], a positive
titer of anti-TPO was found in 26.9% of women with PCOS
and only 8.3% of women in the control group. Menon et al.
[24] also reported significantly more frequent occurrence
of a positive titer of anti-TPO in women with PCOS (25%)
compared to 5% in the control group. The differences in
the percentage distribution of the positive titer of anti-thyroid antibodies in the presented studies may result from
the adopted cut-off points defining the positive titer of
anti-TPO or anti-TG. It seems that geographical differences
do not play a significant role in this case, which is confirmed
by the published data [25–29]. Kim et al. [30] came to different conclusions regarding the distribution of anti-thyroid
antibodies in women with PCOS. They described a positive titer of anti-TPO in 4.8% of the test group and 7.7%
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of the control group. Significant differences between the
study cited and those described above may result from
the analyzed population. In the study by Kim et al. [30], the
patients were not hospitalized, but only assessed during
follow-up visits to an outpatient health care center. Based
on a systematic review of research and meta-analysis, it turns
out that the phenotype of PCOS in patients diagnosed in
a hospital environment differs compared to random populations [31]. Inpatients meet more PCOS diagnostic criteria and
have a higher mean BMI than ambulatory patients. Therefore,
it seems that the data of Kim et al. [30] come from an unselected group — difficult to reference and compare.
In our study, we did not find significant differences
in the frequency of finding an abnormal image, characteristics of chronic thyroiditis on ultrasound, although
in the study group the image typical for AT was found in
22.5% compared to 12.3% of girls from the control group.
On the other hand, Janssen et al. [23] described a typical AT picture of the thyroid gland in 42.3% of patients
in the PCOS group and in only 6.5% in the control group
(p < 0.001). Similarly, Sinha et al. [34] showed a significantly
higher percentage of the thyroid image typical for AT in the
group of women with PCOS compared to the control group
(12.5% vs
 2.5%, respectively). In both above-cited studies,
no significant differences were found in the volume of the
thyroid gland between the groups described. These evident
differences in the percentage of patients with abnormal
thyroid gland descriptions on ultrasound may be due to
differences in BMI in women across studies. It turns out that
the mean BMI of patients with PCOS in the work of Janssen
et al. was 30.0 ± 7.9 kg/m2, and in the control group it
was 25.5 ± 7.1 kg/m2 [23]. In the study by Sinha et al. [32],
the mean BMI of women in the study group was significantly
lower and amounted to 24.68 ± 3.07 kg/m2, and in the control group 23.55 ± 3.02 kg/m2. Some studies suggest that
a significant degree of obesity (so-called morbid obesity,
BMI > 40 kg/m2) may affect the morphology of the thyroid
gland, i.e., its hypoechoic nature in ultrasound. It is a very
good and well-known parameter helpful in the diagnosis
of AT but it turns out to be a poor diagnostic parameter in
patients with morbid obesity.
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Laparoscopic Isthmocele (Niche) Correction
as prevention in patients with fertility desire
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ABSTRACT
Objectives: To report the technique of Laparoscopic Isthmocele (Niche) Correction and surgical outcomes.
Material and methods: The retrospective study included only patients with current or potential fertility desire who
had laparoscopic surgery for an isthmocele at the Academic Hospital Cologne Weyertal between the beginning of 2014
and the end of 2020. A total of 28 patients were included. Sonographic follow-up of myometrial thickness was performed
in 67% cases.
Results: In 18% cases myometrial thickness was 5–7 mm, in 11% cases > 7–10 mm and in 39% cases > 10 mm. In the
group with postoperative myometrium of 5–7 mm, two patients had preoperative residual myometrium of 2 mm, one
patient of 2.5 mm and in one patient residual myometrium was not measurable (< 1 mm). In 11 patients, the postoperative myometrium was either greater than 10 mm and/or no isthmoceles were detectable. There was an increase in
mean preoperative myometrial thickness from 2 mm to a mean myometrial thickness of 8.7 mm (myometrial thickness
increase to 335%).
Conclusions: In this study, laparoscopic correction of the isthmocele resulted in an increase in myometrial thickness
from 2 mm to 8.7 mm (average values). This represents an increase in myometrial thickness of 335%. According to the
literature review performed and based on our own results, we recommend prophylactic isthmoceles correction in patients
with fertility desire by means of laparoscopic procedure. Laparotomy should be performed only in special cases. Surgical
hysteroscopy is not suitable for this purpose, but sufficient studies are still lacking.
Key words: Isthmocele; fertility desire; laparoscopy; niche; adenomyosis
Ginekologia Polska 2022; 93, 12: 954–961

INTRODUCTION
In recent decades, there has been an increase in the
caesarean section rate in developed countries. The average rate is 25.2% in Europe and 27.6% worldwide [1, 2].
This growing trend leads to more frequent diagnosis of
uterine scar defect, which is called ”niche” or “isthmocele”
by several authors [3, 4]. Isthmocele is the integrity disorder
of the myometrium at the caesarean scar [5]. A niche should
be defined as an indentation at the site of the CS scar with
a depth of at least 2 mm [6]. Diagnosis of isthmocele can be
made by vaginal sonography, hysterosalpingography, hydrosonography, MRI or hysteroscopy [7, 8]. Uterine scar
defect occurs increasingly and has been diagnosed in 61%

cases after one caesarean section and in 100% cases after
three caesarean sections [9].
A uterine retroflexion increases the risk of isthmocele.
The reason is thought to be increased tension at the scar
during the healing process [10]. Postoperative adhesions
between the uterine scar and the anterior abdominal wall (especially in the case of a uterine retroflexion) increase the risk
of an isthmocele due to permanent traction on the scar [11].
Jordans et al. suggested the follow subclassified of the
niche [6]:
• simple niche
• simple niche with one branch
• complex niche (with more than one branch).
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A branch was agreed to be a thinner part of the main
niche, which is directed towards the serosa and has a width
smaller than that of the main niche [6].
Based on the residual myometrium or the size of the scar
defect, isthmoceles are classified in the following ways [12]:
• “large defect”: reduction of myometrium by > 50% (according to some authors by > 80%) or residual myometrium of < 3 mm,
• “small defect”: reduction of myometrium by < 50% or
residual myometrium of ≥ 3 mm.
Isthmoceles can be symptomatic (abnormal uterine
bleeding, dysmenorrhea, dyspareunia, infertility, scar
pregnancy) in 19.4% to 88% of cases [10]. Early diagnosis
and treatment of isthmocele in patients with fertility desire
is of particular importance because there is an increased
risk of uterine rupture, placenta previa, placenta accreta/
/increta/percreta, secondary infertility, and ectopic gravidity
in isthmocele [13]. The incidence of ectopic gravidity in the
isthmoceles is one in 1688 pregnancies and is 4–6% between
all ectopic pregnancies after at least one caesarean section
[14, 15]. There is an increased risk of uterine rupture with
a residual myometrium as small as 3 mm [7, 12]. The average
risk for uterine rupture does not exceed two percent but
increases to 5% for “large defect” [13].
Several authors have reported association between
isthmocele and secondary infertility [16–20]. Two mechanisms are thought to cause infertility. On the one hand,
fertility may be affected by the accumulation of fluid (blood,
mucus) in the isthmocele affecting implantation dysfunction, sperm transport, and cervical mucosa; on the other
hand, a chronic inflammatory reaction develops which also
affects fertility [19–21]. This can lead to secondary infertility
in 4% to 19% [22]. In addition, the isthmoceles, especially
in a retroflected uterus, may affect the performance of insemination or embryo transfer due to difficult access to the
cavity [23–25].
Currently, there is no clear guideline for the diagnosis
and treatment of isthmocele [26]. Current treatment options
consist of conservative therapy using hormonal preparations (for abnormal uterine bleeding) and surgical therapy
using hysteroscopy, laparoscopy, laparotomy or vaginal
access [11].
The decision for an appropriate therapy should be made
based on symptoms, indication, results of imaging diagnostics and medical history.

Table 1. Inclusion and exclusion criteria
Inclusion criteria

Exclusion criteria

• Patients with fertility desire
• At least one cesarean section
in a medical history
• Niche confirmed
sonographically or by MRI in
our department
• Only patients who had
endoscopic surgery
(hysteroscopy and
laparoscopy) in our
department
• Only patients who followed
up in our department

• Patients without fertility
desire, who had surgery
because of other complaints
(e.g., dysmenorrhea,
abnormal uterine bleeding)
• Patients only with
laparoscopy without
hysteroscopy

vaginal sonography. A total of 28 patients were included in
the study. Nine patients were referred by fertility centres
before a planned artificial insemination. One patient had
secondary infertility and in 18 patients it was prophylaxis of
an obstetric complication before a planned next pregnancy.
The following criteria were considered for the including of the
patients to our study (Tab. 1). Simultaneous intraoperative
hysteroscopy to evaluate the isthmoceles was performed obligatorily. This was followed by the planned laparoscopic correction. After bladder preparation, the isthmocele was visualized (Fig. 1, 2). Then the excision of the scar was performed
with a monopolar needle. Then, under control of the cervical
canal, the procedure of suturing was performed (Fig. 3–5).

Figure 1. Bladder preparation

MATERIAL AND METHODS
The retrospective study included only patients with
current or potential fertility desire who had laparoscopic
surgery for an isthmocele at the Academic Hospital Cologne Weyertal between the beginning of 2014 and the
end of 2020. Diagnosis was mainly carried out using trans-

Figure 2. Representation of the isthmocele
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Figure 3. Checking the cervical canal

Figure 6. Mesh

Age groups of the patients
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6

2
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9
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5

4

Figure 4. Suture

0

28-30 Y

31-35 Y

36-40 Y
Patients

41-43 Y

Figure 7. Overview of patients depending on age group, Y — years

RESULTS
The age of the patients was between 28 and 43 years.
All patients were at reproductive age and had a current or
potential desire to have children. Twenty-two patients had
a history of one caesarean section and six patients had two
caesarean sections. Table 2 shows the overview of preoperative sonographic findings regarding residual myometrium
and uterine position related to patient number.

Figure 5. Suture

A Tabotamp mesh was placed over the uterine suture
for adhesion prophylaxis (Fig. 6). Patients usually remained hospitalized for two days. The recommended
waiting period was six months until the next pregnancy
and primary caesarean re-section as the mode of delivery
was recommended.

Intraoperative results
On diagnostic hysteroscopy, the isthmocele was visible
in 22 cases. In six cases, the isthmoceles could not be seen.
In 17 cases, a single-layer continuous suture with Covidien V-Loc suture was performed, including the deep
myometrial layer; in nine cases, a double-layer continuous

Table 2. Preoperative sonography
Restmyometrium*

large defect (< 3 mm)*

small defect (3 mm)*

small defect* (3–4 mm)

Number of patients

21 (74%)

3 (11%)

4 (15%)

Position of uterus

anteflexio

retroflexio

Number of patients

22 (78.6%)

6 (21.4%)

*Defined according to Marotta [11]
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HISTOLOGY

POSTOPERATIVE MYOMETRIUM

Normal tissue 4P
14%
5-7mm; 5P

Lost Follow up; 9P
>7-10mm; 3P

Cervicitis 3P
11%
Necrosis 2P
7%

Adenomyosis 10P
36%

Adenomyosis &
Fibrosis 2P
7%
Fibrosis 7P
25%

>10mm; 11 P

Figure 8. Postoperative myometrial thickness; P — patients

Figure 9. Histology in relation to number of patients; P — patients

suture with Covidien V-Loc suture was performed; and in
two cases, Vicryl single-button sutures were performed.
In 14 cases, adenomyosis uteri was described at laparoscopy.

Most of the patients had a potential desire to have
children and did not become pregnant by the time of the
analysis. Only five patients got pregnant. Four out of five
patients got a child per caesarean section and one patient
had a miscarriage.

Postoperative results
Vaginal sonography performed postoperatively showed
an increase of myometrial thickness (Fig. 8). Sonographic follow-up of myometrial thickness was performed in 67% cases
(Fig. 8). In 18% cases myometrial thickness was 5–7 mm,
in 11% cases > 7–10 mm and in 39% cases > 10 mm. In the
group with postoperative myometrium of 5–7 mm, two patients had preoperative residual myometrium of 2 mm, one
patient of 2.5 mm and in one patient residual myometrium
was not measurable (< 1 mm). In 11 patients, the postoperative myometrium was either greater than 10 mm and/or
no isthmoceles were detectable. There was an increase in
mean preoperative myometrial thickness from 2 mm to
a mean myometrial thickness of 8.7 mm (myometrial thickness increase to 335%).

Histology
The excised uterine scar was sent for histologic evaluation. Figure 9 shows the histological findings in relation to
patient number.
In 68% (19 cases) of the findings were adenomyosis
and/or fibrosis. In four cases in which the uterus was described intraoperatively as “adenomyotic altered”, no adenomyosis could be detected histologically. For a better overview,
the overall findings of each patient are shown in a Table 3.

Special cases
In two cases (cases 1 and 7) surgical intervention for
isthmocele correction had already been performed, before
the patients presented to us. In one case it was an isthmocele
revision with duplication of the section scar by transverse
laparotomy. In another case, it was a laparoscopic suture of
the sectional scar without prior revision of the scar. In both
cases, the findings remained unchanged. After laparoscopic
revision in our department, a good result was achieved
(Tab. 3).
In one case (case 20), we performed a diagnostic
hysteroscopy in which the isthmocele could be visualized, and a laparoscopic correction of the isthmocele
was performed. Postoperatively, the isthmocele was no
detectable by vaginal sonography. After nine months,
the patient had a large corpus polyp, so surgical hysteroscopy was indicated and performed. During the operative hysteroscopy, the isthmocele was not seen this time.
On the re-examination after two months, vaginal sonography showed an isthmocele recurrence, with residual myometrium of 3 mm. Subsequently, a new surgical intervention of the isthmocele by primary transverse laparotomy
was performed in our department. The postoperative residual myometrium was 12.5 mm.
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Table 3. Overview of the total findings in individual patients
Patient

Ages

Preop.
Pregnancy

Preop. RM
(mm)

Uterus
Position

Postop. M
(mm)

Postop.
Pregnancy

Histology

1

35

1 S, 1 A

<1

retrof

6.5

1S

Adenomyosis

2

36

1 S, 1 A

<1

antef

> 10

—

Adenomyosis, Fibrosis

3

34

1S

<1

antef

> 10

1S

Necrose

4

34

1 S, 1 A

1

retrof

—

—

Adenomyosis

5

30

1S

1

antef

—

—

Necrose

6

30

1 S, 1 A

1

antef

—

—

Cervizitis

7

31

1 S, 1 A

1

antef

7.6

—

Adenomyosis

8

28

1S

1

antef

7.7

—

Cervizitis

9

33

1S

1

antef

9.3

—

Adenomyosis

10

36

1S

1.5

antef

—

—

Fibrosis

11

41

1S

1.6

antef

—

—

Fibrosis

12

30

1S

1.7

antef

—

—

Adenomyosis

13

39

S

2

antef

> 10

—

Normal Tissue

14

36

2S

2

antef

7

—

Normal Tissue

15

35

1 S, 1 A

2

retrof

> 10

—

Adenomyosis

16

36

1S

2

retrof

—

—

Adenomyosis

17

37

2S

2

antef

7

—

Fibrosis

18

38

1S

2.2

antef

—

—

Fibrosis

19

38

1S

2.3

antef

10

1A

Fibrosis

20

41

1S

2.4

antef

> 10

—

Adenomyosis, Fibrosis

21

36

1 S, 1 A

2.5

antef

5

—

Adenoymosis

22

35

1S

3

antef

> 10

1S

-

23

43

1S

3

retrof

> 10

—

Adenomyosis

24

37

2S

3

antef

> 10

—

Normal Tissue

25

33

2S

3,.

antef

> 10

—

Fibrosis

26

41

2 S, 2 A, 1 EUG

3.5

antef

—

—

Fibrosis

27

34

2 S, 2 A

3.8

antef

> 10

—

Adenomyosis

28

30

1S

4

antef

5.2

1S

Cervicitis

A — Abort; antef — Anteflexio; M — Myometrium; retrof — Retroflexio; RM — Residual Myometrium; S — Sectio

DISCUSSION
For the first time, “isthmocele” was described by Morris in
1995, as a defect of the anterior uterine wall in the isthmus area
at the location of the sectional scar [21]. Verwoort et al. [27]
proposed four theories that could explain the development
of the isthmocele:
1. A very deep incision during caesarean section.
2. Inadequate suture care during caesarean section (especially in the case of secondary section).
3. Surgical interventions that promote adhesion formation (e.g., no closure of the peritoneum, inadequate
hemostasis, etc.).
4. Genetic predisposition to wound healing disorder.
We suspect that adenomyosis uteri and fibrosis of the
tissue favor the formation of isthmocele. Thus, adenomyosis
and/or fibrosis were found in 68% of our cases. Donnez
958

et al. [22] showed the presence of fibrosis in 79% cases and
adenomyosis in 21% after histological workup of the scar
tissue. However, the sufficient studies for this are still lacking.
Isthmocele may be symptomatic or asymptomatic [11].
Symptoms/complications are divided into:
• Gynecologic: abnormal uterine bleeding, postmenstrual spotting, dysmenorrhea, lower abdominal pain,
and secondary infertility [28–30]
and
• Obstetric: Suture dehiscence, uterine rupture, placenta
previa, placenta accreta/increta/percreta, ectopic gravidity in the isthmocele [10, 13].
Schepker et al. operated on nine patients with a symptomatic isthmocele by mini-laparotomy [31]. They showed
a benefit in terms of bleeding symptoms, secondary infertility, and lower abdominal pain. In their work, Pomorski

www. journals.viamedica.pl/ginekologia_polska

Elvin Piriyev et al., Laparoscopic Isthmocele Correction

et al. showed the residual myometrium follow-up in seven
patients in whom a “large defect” isthmocele was corrected
by mini-laparotomy [32]. The mean preoperative residual
myometrium was 1.9 mm. The postoperative myometrium
2–3 days after laparotomy averaged 8.8 mm and 3 months
after surgery 8.0 mm.
Vervoort et al. and Donnez et al. performed large studies in which they performed laparoscopic isthmocele correction in 101 and 38 patients, respectively [5, 22]. In both
papers, the study was non-selective, so patients with different symptoms and surgical indications were included
in the study. They showed a positive outcome in terms of
both symptom relief and residual myometrium. Donnez
et al. described improvement in bleeding symptoms and lower abdominal pain in 91% of cases [22]. Eight of 18 patients
with secondary infertility became pregnant [22]. Vervoort
et al. showed improvement of symptoms in 79.2% (80 patients) of cases [5]. Postoperative measurement of myometrium was performed in the 87 patients. The average myometrial thickness increased from 1.2 mm to 5.3 mm, with
a myometrium of > 5 mm in 57.1% (48 patients) of cases [5].
Liu et al. performed laparoscopic correction in 49 patients
with an isthmocele and associated bleeding problems [33].
The average residual myometrium was 2.2 mm. They
achieved improvement of symptoms in 89.8% (44/49). In
95.9% cases (47/49), sonographic control could no longer
detect an isthmocele.
According to the literature review and based on the
results of the present study, a positive outcome was demonstrated after isthmocele correction by both laparotomy and
laparoscopy [5, 22, 31, 32]. The authors of the present study

are of the opinion that laparoscopic procedure should be
preferred due to significantly less morbidity as the primary
option. Isthmocele correction by laparotomy should be performed only in special cases (e.g., unsuccessful laparoscopic
procedure, complex adhesions).
The hysteroscopy procedure is a minimally invasive procedure with short operative time and minimal morbidity
[34]. However, there is an increased risk of uterine perforation and bladder injury [12]. The hysteroscopy procedure is
recommended when the residual myometrium is > 3 mm to
reduce this risk [12]. The hysteroscopy procedure has a positive outcome in terms of secondary infertility and bleeding
symptoms [20, 34]. However, we believe that hysteroscopy
resection has no benefit in terms of obstetric complications
on the one hand, and on the other hand, it can further
reduce the residual myometrium. Moreover, in our study,
the isthmocele could not be visualized hysteroscopically in
six cases (22%). For this reason, we do not recommend the
hysteroscopy procedure for the prophylactic correction of
isthmocele in patients with fertility desire, but only for the
treatment of bleeding problems. Table 4 shows the overview
of the results after the literature review.

CONCLUSIONS
In this study, laparoscopic correction of the isthmocele
resulted in an increase in myometrial thickness from 2 mm
to 8.7 mm (average values). This represents an increase in
myometrial thickness of 335%. According to the literature
review performed and based on our own results, we recommend prophylactic isthmoceles correction in patients with
fertility desire by means of laparoscopic procedure. Lapa-

Table 4. Literature overview
Literature

Methode

The number of
patients

Results

Schepker et al. [31]

Laparotomy

9

In 100% cases of improvement of bleeding symptoms, 60%
patients (3 out of 5) became pregnant

Pomorski et al. [32]

Laparotomy

7

Preoperative average remaining myometrium: 1.9 mm
Postoperative average myoemtrium: 8–8.8 mm

Gubbini et al. [20]

Hysteroscopy

41

100% pregnancy rate (41 of 41)

Abacjew-Chmylko et al. [34]

Hysteroskopy

Review of 11 studies

Improvement of complaints in 85.5% cases

Vervoort et al. [5]

Laparoscopy

101

Improvement of complaints in 79.2% cases
Preoperative average remaining myometrium: 1.2 mm
Postoperative average myoemtrium (87 cases): 5.3 mm

Lui et al. [33]

Laparoscopy

49

Improvement of bleeding complaints in 89.8% cases (44/49)
Preoperative average residual myometrium 2.2 mm.
In 95.9% cases (47/49) no isthmocele could be detected
postoperatively

Donnez et al. [22]

Laparoscopy

38

Improvement of bleeding complaint and lower abdominal pain
in 91% cases. 18 patients with II° sterility became pregnant

The present study

Laparoscopy

28

Preoperative average residual myometrium: 2 mm
Posteperative average myometrium: 8.7 mm
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rotomy should be performed only in special cases. Surgical
hysteroscopy is not suitable for this purpose, but sufficient
studies are still lacking.
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ABSTRACT
Objectives: No consensus exists on the subsequent management strategy of patients who exhibit positive surgical
margin (PSM) after re-excision of high-grade cervical intraepithelial neoplasia (CIN). The aim of the study is to examine
the predictors related to the persistence of high-grade CIN lesions after re-excision, where PSM was left behind.
Material and methods: The present retrospective study included patients with PSM who underwent repeated conization
due to residual high-grade CIN lesions between January 2005 and December 2019. The SPSS software v20.0 was used for
data interpretation and statistical analysis. P values less than 0.05 were accepted as statistically significant.
Results: Repeat conization was performed in 91 patients, 43 (47.3%) presented with PSM with high-grade CIN, 6 (6.5%)
presented with micro-invasive carcinoma, and 42 (46.2%) presented with clear surgical margin or CIN 1 at the surgical
margin. At the time of conization, patients who presented with lesions > 5 mm in repeat cone specimens, exhibited
a significantly higher rate of residual disease (p < 0.001). Besides, the involvement of the endocervical margin with
high-grade CIN was the predictor of residual disease in repeat cone specimens (p = 0.006).
Conclusions: In the cone specimen, the presence of lesion size greater than 5 mm and involvement of the endocervical
margin were the predictors of high-grade residual disease after re-excision. Whether it is the first or second procedure,
great care must be given to excise the lesion entirely at the time of the conization, preferably in one piece.
Key words: cancer of the cervix; cytology and GYN pathology; HPV infection and CIN
Ginekologia Polska 2022; 93, 12: 962–967

INTRODUCTION
The treatment for pre-invasive neoplastic lesions aims to
prevent invasive cervical cancer development. Conization is
accepted as the first-line treatment modality of patients with
high-grade cervical intraepithelial neoplasia (CIN) and may
be performed by cold-knife excision or loop electrosurgical excision procedure (LEEP) [1]. However, in some cases,
high-grade CIN lesions cannot be completely excised at the
time of conization, exposing the patient to an increased risk
of developing cervical cancer [2]. Researchers reported that
5% to 25% of cases after conization may exhibit surgical

margin positivity, which is characterized by high-grade CIN
lesions [3]. Thus, in a meta-analysis that including 35,109 cases, patients with clear surgical margins exhibited a prevalence of high-grade CIN lesions of 3% vs 18% compared to
patients with positive or uncertain surgical margins, after
the conization procedure [4]. The subsequent treatment
strategy of patients with positive surgical margins (PSM)
is still controversial. According to the 2019 guideline of
the American Society for Colposcopy and Cervical Pathology (ASCCP), re-excision to achieve clear surgical margin
should be the preferred next step [5]. However, re-excision
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procedure reduces the amount of cervical stroma and may
cause obstetric complications in further pregnancies [6].
Moreover, no consensus exists on the subsequent management strategy of patients who present with PSM after
re-excision of high-grade CIN [7]. In the present study, we
aimed to examine the predictors related to the persistence
of high-grade CIN lesions after re-excision, where PSM was
left behind.

The SPSS software v20.0 was used for data interpretation and statistical analysis. Continuous variables have been
shown in median with range, and they have been categorized based on median value to run appropriate statistical
analyses. Categorical variables were compared with Fisher’s
exact test or chi-square test. A logistic regression model was
used to measure association of variables for multivariate
analysis. P values less than 0.05 were accepted as statistically significant.

MATERIAL AND METHODS
The patients who underwent repeated conization
due to residual high-grade CIN lesions between January
2005 and December 2019 at the Istanbul University, Faculty of Medicine, Department of Gynecological Oncology
were retrospectively evaluated. The inclusion criterion was
the presence of a pathological diagnosis of positive surgical
margin containing CIN ≥ 2 in re-excision specimen. Exclusion criteria were (a) presence of a pathological diagnosis of
clear surgical margin in re-excision specimen, (b) presence of
a pathological diagnosis of surgical margin containing CIN
1 lesion or invasive cancer in re-excision specimen, and (c)
presence of missing data in hospital records while meeting
the inclusion criterion. High-grade CIN lesions were considered CIN 2 and CIN 3. Re-excision procedure was performed
by a gynecologic oncologist using either LEEP or cold knife.
The primary endpoint of the present study was to evaluate the correlations between the margin positivity after
repeat conization with the following variables: age, parity, cytology result, menopausal status, conization technique (LEEP vs cold knife), endocervical curettage (ECC)
result, cone volume, cone depth, largest lesion diameter,
number of passes, and final pathological reports of first
and repeat cone specimens. Iodine solution was used to
mark the limits of the lesion before the conization. ECC
was performed to evaluate the endocervical canal. LEEP
was performed by a 15–20 mm loop electrode in a single
pass when possible, and in the presence of large lesions,
multiple passes were performed. PSM, either ectocervical
or endocervical, was defined as the presence of high-grade
CIN at the edge of the cone specimen in the final pathological evaluation. Following the diagnosis of PSM, in order to
avoid treatment delay and to reduce the patient anxiety,
patients underwent repeat conization within six weeks after
the first conization. Cone volume was calculated with the
formula = depth × width × length × π/3 × 1/4. The diameters
of the cone specimens were obtained from the pathological report. Written informed consent was obtained from all
the patients before surgery. The institutional review board
and ethics committee approved our study protocol (ethics
number: 1403, date: 2019), and they waived the requirement
to obtain informed consent for study due to retrospective
nature.

RESULTS
We identified 114 patients who exhibited surgical margin
positivity with high-grade CIN after first conization from the
hospital records. Of the 114 patients, 23 (20.2%) underwent
reflex extrafascial hysterectomy, and 91 (79.8%) exhibited
repeat conization. At the time of repeat conization, among
the 91 patients, 43 (47.3%) exhibited high-grade CIN lesion
at the surgical margin, 42 exhibited (46.2%) clear surgical
margin or CIN 1 lesion at the surgical margin, and 6 (6.5%)
exhibited micro-invasive cancer. The clinicopathological features of 43 patients with PSM are detailed in Table 1. Among
the 43 patients, 26 (60.5%) were smokers, 33 (76.7%) were at
least primiparous, 10 (23.3%) were nulliparous. Median age
was 35 years (range 29–55), median follow-up period was
31.1 months (range 7–156), median depth of cone specimen
was 12 mm (range 10–20), and median diameter of lesion
was 5 mm (range 1–13 mm). Leep and cold knife conization
were performed in 39 (90.7%) and 4 (9.3%) women, respectively. Of the 39 patients with PSM who underwent LEEP
conization, 18 exhibited CIN 3, and 21 exhibited CIN 2; of
the four patients who had cold knife conization, 1 exhibited
CIN 3, and 3 exhibited CIN 2 lesion. On the other hand, of
the 42 patients with CIN ≤ 1, LEEP and cold knife conization
were performed in 37 and 5, respectively. Of the 37 patients
who underwent LEEP conization, 17 exhibited CIN 1; of the
5 patients who had cold knife conization, 4 exhibited CIN
1 lesion. Among the patients who exhibited leep conization,
37 (86%) required a single pass, and 6 (14%) required double
passes. In addition, the clinical and demographic parameters
of the patients (n = 43) with CIN ≥ 2 lesions at the surgical margin after repeat conization and those (n = 42) with
CIN ≤ 1 were shown in Table 2. The most striking results to
emerge from our data are stated under 2 main items: (a) the
patients who presented with lesions > 5 mm in repeat cone
specimens exhibited a significantly higher rate of residual
disease (p < 0.001), and (b) in repeat cone specimens, the involvement of the endocervical margin with high-grade CIN
was significantly higher in patients who presented with residual disease (p = 0.006). Severity of disease (CIN 2 vs CIN 3),
ECC result, largest cone diameter, cone volume, and cone
depth did not predict residual disease after repeat conization. In multivariate analysis, the risk of residual disease was
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Table 1. Clinicopathological parameters of 43 patients with positive
surgical margin after repeat conization
Characteristic
Age, years, median (range)

Values
35 (29–55)

Parity, n (%)
Nullipara
Primipara
Multipara

10 (23.3)
15 (34.9)
18 (41.8)

Smoking status, n (%)
Yes
No

17 (39.5)
26 (60.5)

Menopausal status, n (%)
Premenapousal
Postmenapousal

39 (90.6)
4 (9.4)

Referral cytology result, n (%)
ASC–US
LSIL
ASC–H
HSIL

7 (16.3)
15 (34.9)
6 (13.9)
15 (34.9)

Colposopic biyopsy result, n (%)
CIN 2
CIN 3

6 (14.0)
37 (86.0)

First conization result, n (%)
CIN 2
CIN 3

11 (25.6)
32 (74.4)

ECC, n (%)
Positive
Negative

15 (34.9)
28 (65.1)

Endocervical margin involvement
Positive
Negative

25 (58.1)
18 (41.9)

Number of passes, n (%)
1
>1

37 (86.0)
6 (14.0)

Conization technique, n (%)
LEEP
Cold knife

39 (90.7)
4 (9.3)

Cone volume, cm3, median (range)

13.5 (10.3–52.9)

Cone depth, mm, median (range)

12 (10–20)

Lenght of lesion, mm, median (range)
Follow–up period, months, median (range)

5 (1–13)
31.1 (7–156)

PSM — positive surgical margin; LEEP — loop electrosurgical excision procedure;
ASC-US — atypical squamous cells of undetermined significance; LSIL — low-grade squamous intraepitehial lesion; ASC-H — atypical squamous cells
— cannot exclude high-grade squamous intraepithelial lesion; HSIL — highgrade squamous intraepitehial lesion; CIN — cervical intraepithelial neoplasia;
ECC — endocervical curettage

increased in patients who presented with lesion > 5 mm
(p < 0.001) and even higher in patients with endocervical
margin involvement (p < 0.001). No other variables were
significantly associated with residual disease. Table 3 shows
the relationship of the pathological reports between the first
and repeat conization procedure.
In the subgroup analysis, of the 23 patients who underwent reflex extrafascial hysterectomy due to PSM after
the first conization, 2 (8.7%) presented with invasive cervical
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cancer (stage 1B1) and underwent radical parametrectomy,
upper vaginectomy, and lymph node dissection. The decision of reflex hysterectomy was mainly due to the gynecologic co-morbidity, including the presence of ovarian cystic
lesion, uterine fibroid, endometrial hyperplasia, intractable
menorrhagia, etc. Conversely, of the 91 patients who presented with repeat conization, 6 (6.5%) were diagnosed
with micro-invasive cancer (stage 1A1) and underwent extrafascial hysterectomy. Interestingly, 1 of them received the
final pathological diagnosis of invasive cancer (stage 1B1).
Accordingly, this patient also underwent radical parametrectomy, upper vaginectomy, and lymph node dissection.
The remaining 5 who presented with no residual disease
in the hysterectomy specimen were followed up closely.
Among the 43 patients with PMS after repeat conization,
12 (27.9%) underwent extrafascial hysterectomy directly,
4 (9.3%) underwent the third conization, and 1 out of 4 patients underwent the fourth conization using a cold knife
one year after the third conization due to the presence of
CIN 3 in biopsy specimen. Unfortunately, it was complicated by posterior fornix perforation and resulted in entry
to the pelvic cavity. Therefore, diagnostic laparoscopy was
performed. None of them received the final pathologic diagnosis of invasive cancer. Finally, for 27 of 43 patients (62.8%),
no further intervention was performed, and they followed
up with cytology and colposcopic evaluation (Fig. 1).
In principle, repeat (third) conization was recommended to
all 43 patients. However, the treatment choice was given
primarily considering the fertility desire and age. Hysterectomy was preferred in patients who were in perimenopause
and rejected the third conization procedure. On the other
hand, young patients with fertility desire were followed up
closely without intervention to preserve cervical stroma.

DISCUSSION
In the present study, we found that the presence of lesions greater than 5 mm and involvement of endocervical
margins were the predictors of high-grade residual lesions in
cone specimens after repeat conization. To our knowledge,
this is the first study to investigate the predictors of residual
disease in patients who received the re-excision procedure
due to persistent surgical margin positivity. Our results may
provide a prognostic tool for predicting which women with
residual disease after repeat conization could be managed
with a conservative strategy and which might require an aggressive treatment strategy.
Previous studies revealed that CIN 3 lesions tend to be
confluent and are more likely to be solitary rather than multifocal in distribution, also they have shown that the larger CIN
3 lesions may exhibit a higher risk of progression to cancer
[8]. In addition, previous reports revealed that the large CIN
lesions were associated with a higher rate of post conization
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Table 2. Comparison of the patient parameters with cervical intraepithelial neoplasia (CIN) ≥ 2 lesions at the surgical margin after repeat
conization and those with CIN ≤ 1
Parameter

With margin positivity
n = 43

Without margin positivity
n = 42

p value

Age [years]

< 35
≥ 35

16 (37.2%)
27 (62.8%)

12 (28.6%)
30 (71.4%)

0.39

Smoking status

Yes
No

17 (39.5%)
26 (60.5%)

21 (50.0%)
21 (50.0%)

0.33

Parity

<1
≥1

10 (23.3%)
33 (76.7%)

7 (16.7%)
35 (81.3%)

0.17

Premenopause
Postmenopause

4 (9.3%)
39 (90.7%)

3 (7.1%)
39 (92.9%)

0.72

ASC-US & LSIL
ASC-H & HSIL

22 (51.2%)
21 (48.8%)

18 (42.9%)
24 (57.1%)

0.59

Colposcopic biopsy result

CIN 2
CIN 3

6 (14.0%)
37 (86.0%)

8 (19.0%)
34 (81.0%)

0.53

First conization result

CIN 2
CIN 3

11 (25.6%)
32 (74.4%)

14 (33.3%)
28 (66.7%)

0.55

LEEP
Cold Knife

39 (90.7%)
4 (9.3%)

37 (88.1%)
5 (11.9%)

0.72

Positive
Negative

25 (58.1%)
18 (41.9%)

12 (28.6%)
30 (71.4%)

0.006

Positive
Negative

15 (34.9%)
28 (65.1%)

16 (38.1%)
26 (61.9%)

0.76

<5
≥5

18 (41.9%)
25 (58.1%)

39 (92.9%)
3 (7.1%)

< 0.001

Cone volume [cm3]

< 13.5
≥ 13.5

18 (41.9%)
25 (58.1%)

15 (35.7%)
27 (64.3%)

0.56

Cone depth [mm]

< 12
≥ 12

17 (39.5%)
26 (60.5%)

14 (33.3%)
28 (66.7%)

0.42

Menopausal status
Referral cytology result

Re-excision method
Endocervical margin involvement
ECC
Lenght of lesion [mm]

LEEP — loop electrosurgical excision procedure; ASC-US — atypical squamous cells of undetermined significance; LSIL — Low-grade squamous intraepitehial lesion;
ASC-H — atypical squamous cells — cannot exclude high-grade squamous intraepithelial lesion; HSIL — high-grade squamous intraepitehial lesion; CIN — cervical
intraepithelial neoplasia; ECC — endocervical curettage

Table 3. The relationship of the pathological reports between the first and repeat conization procedure (n = 91)
First conization pathology
CIN 2

Repeat conization pathology
≤ CIN 1

CIN 2

CIN 3

Micro-invasive

Invasive

Total

14

9

2

0

0

25

0

66

0

91

CIN 3

28

15

17

6†

Total

42

24

19

6†

†One patient was diagnosed with invasive cancer after pathological evaluation of hysterectomy specimen; CIN — cervical intraepithelial neoplasia

residual disease. Chen et al. [9] published a retrospective
analysis of 1,113 patients who underwent conization due
to CIN 3 and examined the predictors of residual disease in
141 patients with PSM. They finally concluded that lesions
greater than two-thirds of the cervix at visual inspection presented with a higher rate of surgical margin positivity (relative risk 1.3; 95% CI, 1.1–2.3). Similarly, Shaco-Levy et al. [10]
retrospectively analyzed 376 women who presented with
conization due to high-grade CIN to identify the predictors
associated with PSM. The authors concluded that patients

with extensive lesions demonstrated an increased risk of
persistent/recurrent disease compared to patients with focal
lesions in cone specimens (hazard ratio = 27.6; 95% CI, 8.9–
–85.5). Recently, Diaz et al. [11] evaluated the predictors of
residual lesions comprised of carcinoma or high-grade CIN
at hysterectomy specimens following conization procedure
due to PSM or positive ECC or micro-invasive carcinoma.
They reported that the presence of the disease in ≥ 50%
of the total cone volume at the pathological evaluation
was a predictor of residual disease (26% for < 50% vs 44%
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Figure 1. Flow Diagram of the study; PSM — positive surgical margin; CIN — cervical intraepithelial neoplasia

for ≥ 50%, p < 0.01). However, the results of all these studies
were limited to patients who underwent the first conization
procedure and did not address the risk of residual disease in
patients who had repeat conization. In the present study, our
results revealed that lesions > 5 mm in the cone specimen
after repeat conization were significantly associated with
persistent residual disease.
Conversely, the results of the present study were similar
to those of other studies that stated that the involvement of
endocervical margin was the predictor of residual disease.
Roman et al. [12] stated that endocervical margin positivity was a significant predictor of post conization residual
disease (22% with positive margin vs 3% without positive
margin, p < 0.03). More recently, Park et al. [13] found that
the presence of positive endocervical margin after conization was an independent predictor of residual disease.
However, the studies mentioned above made these conclusions on the data obtained after the first conization. Finally,
these authors highlighted that in the presence of positive
endocervical margin after the conization procedure, repeat
conization should be performed before definitive treatment.
In our limited cohort, 2 patients with residual CIN ≥ 2 lesion after the first conization and 1 patient with micro-invasive carcinoma after the repeat conization presented
with the diagnosis of invasive carcinoma in hysterectomy
specimens. However, in these circumstances, repeat conization might be preventive for malpractice and exceptional
surgical interventions including radical parametrectomy
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and upper vaginectomy [14]. Like the recommendations
made by these authors, we strongly suggest repeat conization before hysterectomy in patients with PSM, particularly
with endocervical margin involvement. However, our recommendation for repeat conization is a step that should
be administered only in patients who are scheduled for
hysterectomy. Patients who demonstrate fertility desire with
PSM after initial conization should be managed according
to the recommendations of ASCCP [5].
Interestingly, although only six patients demonstrated
double passes during the repeat conization procedure,
high-grade residual disease was found at the surgical margins in five specimens on pathological evaluation. Besides,
all the lesions were reported as CIN 3 in cone specimens. Recent publications on the subject emphasized that multiple
passes were significantly associated with the residual disease during the first conization procedure [15–17]. However,
a small number of patients was found who demonstrated
multiple passes in our study. Therefore, drawing a definitive
conclusion was insufficient.
The present study exhibits some limitations. First, due
to its retrospective nature, undetected bias might occur.
Second, the limited number of patients in the study cohort
is another disadvantage. Third, our clinical tendency to use
LEEP more than cold knife for repeat conization to avoid
complications of cold-knife excision might be a limitation
of this study. Finally, the relationship between human papillomavirus types and residual disease after repeat conization
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has not been evaluated. Conversely, a key strength of the
present study is its design, in which we principally investigate the patients with persistent high-grade disease after
repeat conization.

4.

5.

CONCLUSIONS
In conclusion, the present study revealed two predictors
that were statistically associated with PSM after re-excision
procedure. Accordingly, in re-excision specimens, the presence of lesions greater than 5 mm and the involvement
of endocervical margin were the predictors of high-grade
residual disease. We concluded that repeat conization should
be preferred instead of reflex hysterectomy in patients with
PSM after the first conization. Finally, whether it is first or repeat, great care must be given to excise the lesion entirely at
the time of the conization procedure, preferably in one piece.
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ABSTRACT
Objectives: The aim of the study was to evaluate platelet (PLT) concentration, mean platelet volume (MPV), PLT aggregation and its velocity in pregnancy complicated with fetal growth restriction (FGR) and to analyze the PLT aggregation
according to the gestational age and Doppler velocimetry.
Material and methods: The study group included 29 pregnant women diagnosed with FGR. The control group-consisted of 27 females in uncomplicated pregnancy. Then both groups were divided according to the gestational week
(< and ≥ 36 weeks) and Doppler velocimetry results. The adenosine diphosphate (ADP)-induced PLT aggregation was
performed with the help of the electrical impedance.
Results: There was a significant positive correlation between gestational age and PLT aggregation and between gestational age and velocity of PLT aggregation in FGR. Patients with FGR ≥ 36 weeks of gestation had 73% higher PLT aggregation than control group. Within the FGR group, the PLT aggregation was 135% higher in pregnancies ≥ 36 weeks as
compared to < 36 weeks of gestation. In FGR pregnancies ≥ 36 weeks with impaired flow in both uterine arteries (UtA),
2.3-fold higher PLT aggregation was found as compared to FGR patients with normal flow or abnormal flow in one UtA.
Conclusions: The increased PLT aggregation in FGR is related to gestational week and occurs in pregnancies ≥ 36 weeks
of gestation. The PLT hyperaggregability in growth-restricted pregnancies is associated with abnormal Doppler velocimetry in both UtA, comparing to patients with altered blood flow in one UtA or normal pulsatility index in both UtA,
suggesting the PLT activation due to impaired uteroplacental circulation.
Key words: fetal growth restriction; platelet aggregation; platelet concentration; mean platelet volume; velocity of
platelet aggregation; ADP-induced platelet aggregation
Ginekologia Polska 2022; 93, 12: 968–974

INTRODUCTION
Fetal growth restriction occurs in about 6% of pregnancies and is related to higher risk of fetal and neonatal
morbidity and mortality [1, 2]. Although it results in periand postnatal complications, the etiology of this condition
is still unclear. Moreover, there is no proven method of treatment and Doppler monitoring of the fetus remains the only
possible course of pregnancy management [3, 4].
One of the potential causes involved in the FGR development are changes in PLT aggregation [5]. Nowadays, we
know that physiological pregnancy indicates PLT hyperaggregability and a decrease in PLT concentration throughout

the gestation [6, 7]. The relationship between PLT activation
and FGR is not well researched, but it is supposed that impaired placentation may cause an increased impedance of
uteroplacental blood flow [8]. These abnormalities can lead
to endothelium injury and activation of clotting cascade,
what results in higher PLT aggregation [9]. Because of that,
the role of PLT seems to be crucial in implantation, trophoblast development and placentation, what may result in
gestational complications including FGR, preeclampsia (PE),
recurrent pregnancy loss and many others [10].
The trial Combined Multimarker Screening and Randomized Patient Treatment with Aspirin for Evidence-Based

Corresponding author:
Natalia Misan
Department of Perinatology and Gynecology, Poznan University od Medical Sciences, Poland
e-mail: natalia.podkowa@wp.pl
Received: 15.12.2021 Accepted: 28.01.2022 Early publication date: 22.03.2022
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

968

Natalia Misan et al., Platelet’s aggregation in fetal growth restriction

the patients from both groups were divided according to
the gestational age — below and at or over 36 weeks of
pregnancy, respectively. Secondly, the women with FGR
were assigned according to the Doppler velocimetry. Before
enrolling to the study, the obstetric history, chronic diseases,
previous treatment, operative procedures and the course
of current pregnancy were analyzed. The fetuses from multiple pregnancies or suspected of genetic malformations,
congenital infections and metabolic syndrome were excluded from the study. Also, women who declared suffering
from thrombocytopenia, hemolysis, elevated liver enzymes
and low platelets syndrome (HELLP), hyperthyroidism, diabetes mellitus, systemic lupus erythematosus, antiphospholipid syndrome, cardiovascular or kidney diseases,
bronchial asthma, uterine malformation, malnutrition or
drug addiction were not included to the study. Chronic treatment with steroids, beta blockers and antiepileptic medicines was also contraindication to include the patients to
the study. Moreover, the diagnosis of umbilical cord abnormality such as single umbilical artery, anomalous umbilical
position or umbilical vein thrombosis imposed exclusion
from the study. The patients had an obstetric and ultrasound examination (GE Voluson E10 BT18) with Doppler
imaging. According to the Polish Society of Gynecologists
and Obstetricians Recommendations (PSOGO), every pregnant woman underwent an ultrasound examination between
11–13+6 weeks of gestation with the measurement of the
crown-rump length (CRL) and verification of the gestational
age [14]. The groups characteristics is presented in Table 1.

Preeclampsia Prevention (ASPRE) revealed the decrease
of preterm PE incidence by 62% among women, whose
estimated risk in the first trimester screening was higher
than 1 in 100 and who received appropriate prophylactic
treatment — acetylsalicylic acid was introduced (150 mg
per day from 11–14 until 36 weeks of gestation) [11]. Moreover, the study showed that acetylsalicylic acid reduces
the risk of small for gestational age fetuses (SGA) in about
40 and 70% for infants delivered before 37 and 32 weeks
of gestation, accordingly. The prevalence of PE before 37
and 32 weeks of pregnancy was decreased about in 70 and
90%, respectively [12]. Considering the above cited study
and the common etiology of FGR and PE, looking for a potential role of changeable PLT aggregation in FGR development seems to be justified.

Objectives
The aim of the study was to evaluate PLT concentration, MPV, PLT aggregation and its velocity in pregnancy
complicated with FGR. The objective of the research was
to compare the PLT parameters in healthy pregnant patients diagnosed with FGR below and at or over 36 weeks
of gestation. Moreover, the PLT aggregation was analyzed
in growth-restricted pregnancies according to the Doppler
velocimetry.

MATERIAL AND METHODS
The study and control group
The research was performed in the Department of Perinatology and Gynecology, Poznan University of Medical
Sciences. The study group included 29 pregnant women
diagnosed with FGR according to the Gratacos criteria [13].
The control group was composed of 27 females in uncomplicated pregnancy. The groups were age matched. All
the women signed informed consent form. Subsequently,

The blood collection and impedance
aggregometry
About five milliliters of whole blood, except of two millimeters from the first blood stream, were collected into
the hirudin-coated tubes. The analyzed parameters includ-

Table 1. The groups characteristics
FGR
n = 29

Characteristics

Control group
n = 27

p

Age [years] (Mean ± SD)

31 ± 4

31 ± 5

0.943

Gestational age at delivery [weeks] (Mean ± SD)

36 ± 3

38 ± 2

0.007

37.9
3.5
0.0
58.6

37.0
14.8
0.0
48.2

1.000
0.186
1.000
0.592

Arterial hypertension [%]
Chronic
Gestational
Preeclampsia
Preeclampsia superimposed
on chronic arterial hypertension

0.0
17.2
3.5
0.0

0.0
0.0
0.0
0.0

1.000
0.052
1.000
1.000

Oligohydramnion [%]

31.0

0.0

0.002

Mode of delivery [%]
Spontaneous
Vacuum extractor
Forceps
Cesarean section

FGR — fetal growth restriction; SD — standard deviation
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Table 2. Platelet parameters in fetal growth restriction and control group
Parameter
PLT concentration [G/L] (median, min–max)
MPV [fL] (mean ± SD)
PLT aggregation [U] (median, min–max)
Velocity of PLT aggregation [U/min] (median, min–max)

FGR
n = 29

Control group
n = 27

233 [126–350]

201 [154–331]

0.283

11.05 ± 1.19

11.38 ± 1.03

0.281

44.3 [3.4–222.0]

46.1 [4.1–185.3]

0.961

5.3 [1.9–25.6]

6.5 [1.8–19.9]

0.768

p

PLT — platelet, MPV — mean platelet volume

ed PLT aggregation and velocity of PLT aggregation. Then
three milliliters of whole blood were taken to the tubes
with ethylenediaminetetraacetic acid (EDTA) to examine
the PLT concentration and MPV. The blood aggregation
was determined using multiple electrode aggregometry
(MEA) on a new-generation impedance aggregometry
(Multiplate Analyzer; Dynabyte Medical, Munich, Germany).
The system detects the electrical impedance change due to
the adhesion and aggregation of PLT on two independent
electrode-set surfaces in the test cuvette [15–17]. Hirudin
was used as anticoagulant, as recommended by the manufacturer. The degree of ADP-induced PLT aggregation was
evaluated after addition of 20 µM ADP solution. A 1:2 dilution of whole blood anticoagulated with hirudin and 0.9%
NaCl was stirred for 3 minutes at 37oC in the test cuvettes
and then ADP-agonist was added. Conduction changes
caused by the adhesion and PLT aggregation were monitored on two independent metal electrodes, continuously.
The increase in electrical impedance was recorded for six
minutes [18]. The blood was analyzed during the 60–90 minutes after collection. The PLT concentration was expressed in
milliard per liter (G/L), MPV in femtoliters (fL), PLT aggregation in aggregation units (U), velocity of PLT aggregation in
aggregation units per minute (U/min).

The statistics
The statistical analysis was performed in Statistica
StatSoft 13.1 and Statistical Package for the Social Sciences (SPSS) 24.0.0 programmes. Normal distribution was
checked using Kolmogorow–Smirnov and Lilliefors test.
If the evaluated parameters fulfilled the assumptions of
Gaussian distribution, the t-Student test was used, if did
not the nonparametric Mann–Whitney test was performed.
The data in interval scale with normal distribution were
described as mean and standard deviation (SD), the rest as
median, minimal (Min) and maximal (Max) value. The data
in nominal scale were analyzed using the Fisher’s exact
test and presented in percentages. The correlations were
described using Spearman’s rank correlation coefficient (r).
The significance level was assumed as p-value below 0.05.
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Figure 1. ADP- induced PLT aggregation in fetal growth restriction vs
physiological pregnancy according to the gestational week expressed
as means and 95% confidence intervals

RESULTS
PLT concentration, MPV and velocity of PLT
aggregation in FGR and control patients
Any significant difference in the PLT concentration,
MPV and velocity of PLT aggregation was observed between FGR and control group overall (Tab. 2), when assessed < and ≥ 36 weeks of gestation and according to Doppler ultrasound. There was a statistically positive correlation
between gestational age and velocity of PLT aggregation in
FGR (r = 0.37; p = 0.048).

ADP-induced PLT aggregation in FGR and control
patients
ADP-induced PLT aggregation did not differ between
FGR and controls groups when assessed in pregnancies < 36 weeks (p = 0,137; Fig. 1). Taking into consideration
pregnancies ≥ 36 weeks, there was a remarkable difference
between these two groups: patients with FGR had a 73%
higher ADP-induced PLT aggregation as controls (p = 0.045;
Fig. 1). Accordingly, within the FGR group, the ADP-induced
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Figure 2. ADP- induced PLT aggregation in fetal growth restriction
according to the gestational week and the results of the Doppler
flow in the uterine arteries expressed as means and 95% confidence
intervals

PLT aggregation increased over time and was 135% higher
in pregnancies ≥ 36 weeks as compared to < 36 weeks
(p = 0.004; Fig. 1), whereas no differences over time were
seen in controls (Fig. 1). The significant positive correlation
between PLT aggregation and gestational age in FGR was
found (r = 0.40; p = 0.029).

ADP-induced PLT aggregation in FGR patients
according to the results of Doppler ultrasound
There was no dfference in the ADP- induced PLT aggregation according to the Doppler study results in UtA
in FGR pregnancies < 36 weeks (Fig. 2). In contrast, in FGR
group ≥ 36 weeks, very high ADP-induced PLT aggregation
values were found in cases of impaired flow in both UtA:
2.3-fold higher as compared to FGR patients with normal
flow or abnormal flow in one of the UtA (p = 0.015; Fig. 2).
No difference in ADP-induced PLT aggregation values was
found in patients with impaired Doppler flow in one of the
UtA comparing to no impaired flow in both UtA (p = 0.587).
Accordingly, there were no statistical differences in ADP-induced PLT aggregation values in patients with 1) impaired
Doppler flow in the umbilical artery (UA) versus no impaired
flow in the UA (p = 0.636) or 2) impaired Doppler flow in the
middle cerebral artery (MCA) versus no impaired flow in
the MCA (p = 0.636).

DISCUSSION
Although many studies reported increased PLT activity
in both physiological and complicated pregnancy, there is
only a few data concerning the relationship between FGR
and PLT aggregation. Because of the common etiology,

of FGR and PE, our study will be partially compared to the
studies concerning preeclamptic women. Belo et al. [19]
observed no significant differences in PLT count throughout
physiological pregnancy as in our study. Additionally, the PLT
count did not differ in the third trimester between patients
with PE and healthy pregnant controls. Differently to us,
Bielecki et al. [20] observed significantly lower PLT count
and higher MPV but the researchers compared women
diagnosed with PE to healthy pregnant females. Similarly,
Kashanian et al. [21] observed the significantly higher MPV
value in the first and in the third trimester among preeclamptic patients in comparison to normotensive pregnant
women but there was a low predictive value of MPV in PE
prognosis. Furthermore, Kanat-Pektas et al. noticed significantly higher MPV in females, who developed PE throughout
the second and the third trimester of pregnancy. The MPV
value above or equal than 10.5 fl predicted PE with 6.7%
sensitivity and 63.8% specificity. The sensitivity and specificity for MPV in prognosis of FGR development scored 82.4%
and 60%, respectively [22]. Similarly, Temur et al. observed
significantly higher MPV values in PE group comparing to
the healthy controls. The cut-off value for MPV in the prediction of PE, with 58,7% sensitivity and 61.7% specificity,
was established as 9.15 fl [23]. Otherwise, our study did not
confirm the cited results, because any significant difference
in PLT concentration and MPV was observed between FGR
group and healthy controls. Contrary to above cited results,
Ureyen et al. [24] and Koroglu et al. [25], independently,
analysed MPV in patients with and without FGR, but there
was no significant difference between studied groups, alike
in our study.
Burke et al. did not observe the increasing PLT activity from the first to the third trimester of uncomplicated
pregnancy in reference to ADP, thrombin receptor activating protein (TRAP) and epinephrine comparing to nonpregnant women. The hyperaggregability was observed
only in response to collagen and arachidonic acid [26]. Like
the cited paper, we did not notice any significant differences
in PLT aggregation using ADP agonist when assessed the
pregnancies below 36 weeks, but our study included only
women in the second and third trimester of pregnancy.
Pimentel et al. [27] did not find the changes in PLT aggregability between patients with PE and pregnant normotensive women. Similarly, to preeclamptic women, our study
did not reveal any significant difference in PLT aggregation,
comparing the whole FGR group and healthy controls but
when assessed pregnancies at or over 36 weeks, the higher
PLT hyperaggregability in FGR was observed comparing
to healthy controls and to the FGR group below 36 weeks.
Norris et al. compared the PLT activation between normotensive or hypertensive pregnant women diagnosed
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with FGR and healthy primigravida. The authors observed
the 30% decrease of PLT count in hypertensive patients
in comparison to physiological pregnancy. Moreover,
the collagen and ADP-induced PLT aggregation was about
50% lower in patients with coexisted FGR and hypertensive disorders than in uncomplicated gestation. In contrast
to the groups with FGR and blood pressure disturbances,
the normotensive FGR women showed any significant difference according to PLT level and both ADP and collagen
induced PLT aggregation comparing to healthy pregnant
controls at 36 weeks [28]. In our study the hypertensive FGR
patients accounted for approximately 21% of study group,
but we did not analyse the PLT parameters in normotensive
and hypertensive patients, separately. Although, our results in reference to PLT count were similar to the observed
by Norris et al. [28] in normotensive women with FGR,
the ADP-induced PLT aggregation was increased in FGR group
at or over 36 weeks comparing to healthy controls and FGR
pregnancies below 36 weeks.
In contrast to our study, Müllers et al. noticed a decreased PLT reactivity regarding all agonists (arachidonic
acid, ADP, collagen, thrombin receptor-activating peptide,
epinephrine) in FGR comparing to healthy pregnant women.
Moreover, they observed significantly higher reduction in
PLT activity in women with FGR, who developed PE or gestational hypertension in comparison to FGR group without
hypertensive disorders [29].
One of the first studies, concerning the PLT function
and Doppler velocimetry in pregnant women, did not
show any significant correlation between ADP-induced
PLT aggregation and UA flow but the researchers analyzed
blood obtained during cordocentesis and the study group
was composed only of 10 patients [30]. Only a few studies analyzed the relationship between PLT aggregation
or other PLT parameters and Doppler velocimetry in FGR
patients. Even though our study was not performed on
a large group of patients, the other study, supported by the
Fetal Medicine Foundation, performed by Missfelder-Lobos
et al. [8], analyzed PLT aggregation in four cases of isolated
FGR and 8 patients who developed PE with subsequently FGR
in 50% of cases. The researchers observed no significant
disparity according to PLT count and collagen-induced aggregability between pregnant patients both with normal
and disturbed uterine arteries pulsatility index (UtA PI)
and nonpregnant healthy women. Moreover, the researchers reported significant differences in MPV between pregnant women with normal and abnormal UtA blood flow
and significantly higher ADP1-induced PLT aggregation,
comparing pregnant women both with and without disturbed blood flow in UtA to healthy controls [8]. Our study
also showed the increased PLT aggregation but only within
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FGR group when assessed at or over 36 weeks with abnormal
blood flow in both UtA comparing to disturbed blood flow in
one UtA or normal Doppler screening. Although the results
of PLT count were compatible with the cited paper, we did
not observe any significant difference in MPV.
In contrast to our and the above cited study, Everett et
al. observed any correlation between Doppler velocimetry
in UtA and PLT aggragation in response to ADP. The authors
found a relationship between mean UtA PI and collagen
induced PLT aggregation [31].
In the literature there are only three above cited studies
referring to relationship between ADP-induced PLT aggregation and Doppler screening, but the results of them are
contradictory. A few researchers concentrated on association between MPV and abnormalities in Doppler ultrasound.
Ureyen et al. [32] analyzed MPV in patients with and without
FGR in reference to Doppler velocimetry, but there was no
significant difference between studied groups as in our
study. Moreover, there was no correlation between MPV
and Doppler parameters. Contrary to our results, Piazze
et al. [33] found significantly higher MPV in patients with
abnormal UtA Doppler screening in comparison to females
without alterations in Doppler velocimetry. Additionally,
they noticed higher MPV in pregnancies with abnormal
Doppler profile and PE than in FGR. Moreover, the researchers observed significant relationship between uterine arteries resistance index (UtA RI) and MPV both in PE and FGR
women. Otherwise, Gioia et al. [34] noticed the significantly
higher MPV in patients with PE and FGR with coexisted abnormal Doppler in comparison to normotensive pregnant
women without Doppler disturbances.
Although, there are many publications related to PLT activity in pregnancy, only few of them concern on PLT aggregation in patients diagnosed with FGR. Moreover, the results
are contradictory and do not allow to draw unambiguous
conclusions. Our study did not reveal significant changes in
PLT aggregation among women with FGR in comparison to
physiological pregnancy, so lack of statistical significance
imposes to plan further research with the use of other reagents to evaluate PLT aggregation. Moreover, because of
small amount of data concerning relationship between PLT
aggregation and Doppler velocimetry in FGR and ambiguous results there is a need for further studies including more
numerous groups. Furthermore, the serial measurement of
PLT activity in each trimester of pregnancy could give the
valuable information about altered PLT function.

CONCLUSIONS
The increased PLT aggregation in FGR is related
to gestational week and occurs in pregnancies at or
over 36 weeks. Moreover, the PLT hyperaggregability in
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growth-restricted pregnancies is associated with abnormal
Doppler velocimetry in both uterine arteries, comparing to
patients with altered blood flow in one uterine artery or normal pulsatility index in both uterine arteries, suggesting the
PLT activation due to impaired uteroplacental circulation.
Because there are only a few data concerning the PLT
aggregation in pregnancies complicated with FGR and the
results are contradictory, it is necessary to use other PLT agonists to evaluate induced PLT aggregation. Further studies,
recruiting more patients diagnosed with FGR and formation
of more homogenous group according to abnormalities in
Doppler imaging and hypertensive disorders, are needed.
Moreover, it seems reasonable to collect blood repeatedly
in each trimester of pregnancy to observe real changes in
PLT parameters over time.
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ABSTRACT
Objectives: Proteinuria is one of the diagnostic criteria of preeclampsia (PE). Measurement of 24-hour urine protein is
the gold standard method for detection of proteinuria in PE. The 24-hour urine sampling is time-consuming, and inconvenient.
To evaluate the accuracy of protein/creatinine (P/C) ratio in detection of significant proteinuria (> 1 g/24-hours urine) in PE.
Material and methods: One hundred and ten (110) preeclamptic women were included in this study and admitted for
blood pressure monitoring, 24-hour urine collection, fetal well-being assessment and spot urine sample for measuring
of P/C ratio.
After thorough history and clinical examination, routine antenatal investigations were done for the women included
in the study according to the hospital`s protocol, and to exclude pre-existing chronic renal disease. Twenty-four-hour
urine collection started on the morning following hospital admission. Spot urine samples were obtained shortly before
the 24-hour urine collection for measuring of P/C ratio. Collected data statistically analyzed to evaluate the accuracy of
P/C ratio in detection of significant proteinuria in PE.
Results: The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% specificity, 97.1% positive predictive value (PPV), 90.2%
negative predictive value (NPV), and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hour urine)
in PE.
Conclusions: The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall
accuracy in detection of significant proteinuria (> 1 g/24-hour urine) in PE. This study suggests the use of P/C ratio as
an alternative to 24-hour urine protein to detect significant proteinuria in PE.
Key words: protein/creatinine ratio; 24-hour urine; protein; preeclampsia (PE)
Ginekologia Polska 2022; 93, 12: 975–979

INTRODUCTION
Preeclampsia (PE) is a relatively common complication
in pregnancy concerning 2–10% of all pregnancies, and may
result in an increase in maternal and fetal mortality [1, 2]
The incidence of PE is greater in developing compared
to developed countries [3, 4]. The incidence of severe PE
is 1.3% in Africa and 0.5% in Europe including the United
Kingdom [5].
Proteinuria is one of the main diagnostic criteria of PE
and its severity [6]. The measurement of proteins in 24-hour

urine samples is the gold standard method for detection of
proteinuria in PE [6]. Twenty-four-hour urine sampling is not
always performed correctly, inconvenient, time-consuming,
and can delay the diagnosis and treatment [6].
Any methods which may aid earlier detection leading to
earlier treatment are extremely valuable in clinical terms. As
an alternative to the 24-hour urine collection method, the
measurement of protein/creatinine (P/C) ratio in urine to
detect significant proteinuria in PE can be useful, fast tool
and easy-to-apply [7, 8].
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Therefore, this prospective comparative study designed
to evaluate the accuracy of P/C ratio in detection of significant proteinuria (> 1 g/24-hours urine) in PE.

Objectives
This study was designed to evaluate the accuracy of P/C
ratio in detection of significant proteinuria (> 1 g/24-hour
urine) in PE.

MATERIAL AND METHODS
This prospective comparative study was conducted from
December 2018 until August 2020; after approval of the study,
and registration as clinical trial (ACTRN12618001910291) [9].
One hundred and ten (110) women between 20–
–40 years` old, diagnosed as PE after 20 weeks` gestation,
were admitted for blood pressure monitoring, 24-hour urine
collection, fetal well-being assessment, and spot mid-stream
urine sample for measuring of P/C ratio after informed consent in accordance with the Declaration of Helsinki.
PE defined according to the ACOG (American College of Obstetricians and Gynecologists) as hypertension,
and proteinuria developed after 20 weeks` gestation in
a previously normotensive woman [10]
The gestational age calculated according to the
last menstrual period and confirmed by an ultrasound
scan done ≤ 20 weeks` gestation [11].
Hypertension defined as blood pressure (BP) ≥
≥ 140/90 mm Hg on two occasions at least four hours apart
after 20 weeks` gestation in a previously normotensive
woman or BP ≥ 160/110 mmHg within a short interval (even
minutes) to facilitate the antihypertensive treatment [10].
Although, the International Society for the Study
of Hypertension in Pregnancy (ISSHP) concluded that
there is a general agreement to define PE as severe if
BP > 160/90 mmHg and there was scarce agreement on
the amount of proteinuria to define the severity of PE [12].
The ACOG defined proteinuria as ≥ 300 mg/24-hours or
P/C ratio ≥ 0.3 or dipstick reading +1 (if quantitative methods
are not available) [10].
Demirci et al., [6] defined PE as BP ≥ 140/90 mm Hg after
20 weeks` gestation accompanied by new-onset significant
(remarkable) proteinuria (≥ 300 mg/24-hours) in a previously
normotensive woman [6].
Exclusion criteria include women > 40 years old, women
with chronic hypertension (CH), gestational hypertension
(GH), superimposed PE, diabetes mellitus, urinary tract infection (UTI), pre-existing chronic renal disease affecting
the urine output (UOP) or urine protein and/or creatinine
excretion, refused to participate and/or to give consent.
In addition, women with bacteria on urine microscopy or
premature rupture of membranes, women with > 24-hours
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bed rest (to avoid the effect of postural proteinuria on
urine-protein excretion), and women practicing heavy or
vigorous exercise (> 1 hour) on the day of urine collection
were also excluded from this study.
GH defined as hypertension of new onset after 20 weeks`
gestation, in a previously normotensive woman, without
proteinuria or manifestations of PE [13].
CH defined as hypertension that was either diagnosed
before pregnancy and/or diagnosed before 20 weeks` gestation and does not resolve by the 12th week postpartum [13].
Superimposed PE defined as CH diagnosed before pregnancy and/or before 20 weeks` gestation that complicated
with proteinuria, and severe PE [13].
After thorough history, and clinical examination, routine
antenatal investigations were for the women taking part
in the study according to the hospital`s protocol, and to
exclude pre-existing chronic renal disease.
Participants were admitted for 24-hours for blood pressure monitoring, fetal well-being assesment (Cardiotocography (CTG), detailed fetal ultrasound, and umbilical artery
Doppler), as well as for 24-hour urine collection, which
started on the morning following hospital admission. Spot
mid-stream urine sample obtained (first morning urine sample) shortly before the 24-hour urine collection for measuring P/C ratio.
Urinary protein measured by the Biuret colorimetric
method (Cobas Integra Analyzer, Basel, Switzerland) [14].
Urine creatinine measured by the modified Jaffe test (Hitachi
7170 Autoanalyzer, Tokyo, Japan) [6]. Collected data statistically analyzed to evaluate the accuracy of P/C ratio in detection of significant proteinuria (> 1 g/24-hours urine) in PE.

Sample size justification
The required sample size calculated from the previous
studies [14, 15], and using G Power software version 3.1.9 for
sample size calculation, setting α -error probability at 0.05,
power (1-β error probability) at 0.95%, and effective sample
size (w) at 0.5. An effective sample ≥ 220 women was needed
to produce a statistically acceptable figure.

Statistical analysis
Collected data were statistically analyzed using Statistical Package for Social Sciences (SPSS): computer software version 20 (Chicago, IL, USA). Numerical variables
were presented as mean and standard deviation (± SD),
while categorical variables were presented as number (n)
and percentage (%). Sensitivity: proportional detection of
individuals with the disease of interest in the population.
Specificity: proportional detection of individuals without
the disease of interest in the population. Positive predictive
value (PPV): proportion of all individuals with positive tests,
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Table 1. Characteristic of the studied women, blood urea, creatinine,
serum and urinary proteins, and P/C ratio
Variables

Total number of the studied
women (110 women)

Maternal age (years)

27.5 ± 4.2

Parity
Nulliparous
Multiparous

67/110 (60.9%)
43/110 (39.1%)

History of PE

12/110 (10.9%)

Gestational age (weeks`)
< 34 weeks` gestation
> 34 weeks` gestation

59/110 (53.6%)
51/110 (46.4%)

Blood urea (mg/dL)

12.7 ± 3.9

Serum creatinine (mg/dL)

0.83 ± 1.6

Total serum proteins (g/dL)

6.7 ± 1.3

Serum albumin (g/dL)

4.1 ± 1.6

Urinary protein (mg/24-hrs)

1393.5 ± 670

Spot urine protein (mg/dL)

157 ± 212

Spot urine creatinine (mg/dL)

116 ± 83.5

Protein/creatinine (P/C) ratio

1.35 ± 2.54

P/C ratio — Protein/creatinine ratio; PE — Preeclampsia

Table 2. Accuracy of the P/C ratio in detection of significant
proteinuria (> 1 g/24-hours urine) in PE
Variables
Number of the studied women (110
women)

Number (%)

Proteinuria > 1 g/24-hours urine
(71 women)
True positive (TP)
False negative (FN)

67/71 (94.4%)
4/71 (5.6%)

Proteinuria < 1 g/24-hours urine
(39 women)
True negative (TN)
False positive (FP)

37/39 (94.9%)
2/39 (5.1%)

Sensitivity

67 ÷ (67+4) X
100 = (94.4%)

Specificity

37 ÷ (37+2) X
100 = (94.9%)

Positive predictive value (PPV)

67 ÷ (67+2) X
100 = (97.1%)

Negative predictive value (NPV)

37 ÷ (37+4) X
100 = (90.2%)

Accuracy

67 + 37 ÷ (67+4+37+2) X
100 = (94.5%)

P/C ratio — Protein/creatinine ratio; PE — Preeclampsia

who have the disease. Negative predictive value (NPV):
proportion of all individuals with negative tests, who are
non-diseased.

RESULTS
One hundred and ten (110) preeclamptic women were
admitted for blood pressure monitoring, 24-hour urine collection, fetal well-being assesment, and spot mid-stream
urine sample for measuring of P/C ratio. The mean age of
the studied woman was 27.5 ± 4.2 years, 60.9% (67/110) of
participants were nulliparous, while 39.1% (43/110) were
multiparous, and 10.9% of participants had previous history of PE.
Regarding the gestational age at diagnosis of PE,
PE diagnosed at < 34 weeks` in 53.6% (59/110) of participants, while it was diagnosed at > 34 weeks` in 46.4%
(51/110) of them.
The mean blood urea of the participants was
12.7 ± 3.9 mg/dL, serum creatinine was 0.83 ± 1.6 mg/dL,
total serum proteins was 6.7 ± 1.3 g/dL, and serum albumin
was 4.1 ± 1.6 g/dL.
The mean 24-hour protein of the participants
was 1393.5 ± 670 mg/24-hour, spot urine protein was
157 ± 212 mg/dL, spot urine creatinine was 116 ± 83.5 mg/dL,
and P/C ratio was 1.35 ± 2.54. Table 1.
The studied women categorized into two groups according to 24-hour urine proteins; proteinuria > 1 g/24-hour
urine, and proteinuria < 1 g/24-hour urine to evaluate

the accuracy of P/C ratio in detection of significant proteinuria (> 1 g/24-hour urine) in PE.
In proteinuria > 1 g/24-hour urine group; the P/C ratio
was true positive (TP) in 94.4% (67/71), and it was false negative (FN) in 5.6% (4/71), while in proteinuria > 1 g/24-hour
urine group; the P/C ratio was true negative (TN)
in 37/39 (94.9%), and it was false positive (FP) in 3/39 (5.1%).
The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9%
specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hours
urine) in PE (Tab. 2).

DISCUSSION
One hundred and ten (110) preeclamptic women were
admitted for blood pressure monitoring, 24-hour urine collection, and spot mid-stream urine sample for measuring
of P/C ratio.
The women participating in the study categorized into
two groups according to 24-hour urine proteins; proteinuria > 1 g/24-hour urine, and proteinuria < 1 g/24-hour urine
to evaluate the accuracy of P/C ratio in detection of significant proteinuria (> 1 g/24-hour urine) in PE.
The mean age of the studied woman was 27.5 ± 4.2 years,
60.9% (67/110) of participants were nulliparous, while 39.1%
(43/110) were multiparous, and 10.9% of participants had
previous history of PE.
Regarding the gestational age at diagnosis of PE,
PE diagnosed at < 34 weeks` in 53.6% (59/110) of par-
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ticipants, while it was diagnosed at > 34 weeks` in 46.4%
(51/110) of them.
Demirci et al., studied 211 preeclamptic women
and found the mean maternal age of their studied women was
28.2 ± 5.5 years. Fifty-six percent of them were nulliparous
and 8.5% of them had previous history of PE. Regarding the
gestational age at the diagnosis of PE, Dermirci et al. [6],
found that 52.6% of their studied preeclamptic women
were < 34 weeks`, while 47.4% of them were ≥ 34 weeks`.
Shahbazian et al., studied 81 preeclamptic women,
and found the mean maternal age was 26.5 ± 3.6 years,
and the mean gestational age at diagnosis of PE was
34.4 ± 4.7 weeks` [14].
Abdelazim et al., concluded that women with PE/superimposed PE were significantly younger with low parity
compared to CH group, and the gestational age at diagnosis
and delivery of PE/superimposed PE was 35.2 ± 1.3 weeks`
compared to 37.6 ± 0.9 weeks` for CH group [13].
Women with UTI, pre-existing chronic renal disease
affecting the UOP or urine protein and/or creatinine excretion were excluded from this study. This explains why
all participants had normal blood urea, and serum creatinine (12.7 ± 3.9 and 0.83 ± 1.6 mg/dL; respectively), normal total serum proteins, and serum albumin (6.7 ± 1.3
and 4.1 ± 1.6 g/dL; respectively).
Similarly, the median serum creatinine was 0.52 mg/dL
in Shahbazian et al., [14] study, and the mean serum creatinine was 0.64 ± 0.4 mg/dL in Demirci et al. [6], study.
The mean 24-hour protein of the studied women was
1393.5 ± 670 mg/24-hour urine (1.393 ± 0.67 g/24-hours
urine), spot urine protein was 157 ± 212 mg/dL, spot
urine creatinine was 116 ± 83.5 mg/dL, and P/C ratio
was 1.35 ± 2.54. The mean P/C ratio of 1.35 ± 2.54 had
94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV,
and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hour urine) in preeclamptic women.
Demirci et al., found that the P/C ratio of 0.45% corresponds to 24-hour proteinuria of 300 mg/24 hours
with 74.4% sensitivity, 94.2% specificity, 98.1% PPV,
and 47.6% NPV, while the P/C ratio of 0.9 corresponds to
24-hour proteinuria of 1000 mg/24 hours with 91% sensitivity, 95.4% specificity, 95.2% PPV, and 91.2% NPV, and
P/C ratio of 1.16 corresponds to 24-hour proteinuria of
2000 mg/24 hours with 95.8% sensitivity, 85.1% specificity,
78.4% PPV, and 97.3% NPV [6].
Shahbazian et al., found that the mean 24-hours protein of preeclamptic women was 1790 ± 0.80 mg/24-hours,
and mean P/C ratio was 1.84 ± 0.91 [14].
Shahbazian et al., concluded that the P/C ratio of
0.20 corresponds to 300 mg/24 hour urine protein with
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high accuracy (91.2% sensitivity, 87.8% specificity, 94.4%
PPV and 96.8% NPV), and spot P/C ratio < 0.19 could exclude
PE with 100% sensitivity [14].
In addition, Wheeler et al., found that the P/C ratio of
0.21, 0.46, 0.82, and 3.0 corresponds to 300, 1000, 2000,
and 5000 mg/24 hour-urine protein, respectively [15].
Although a recent meta-analysis concluded that
the optimum threshold for P/C ratio to detect significant
proteinuria is between 0.30 and 0.35 [16], Demirci et al.,
found that a spot P/C ratio > 0.9 strongly predicts significant
proteinuria > 1 g/24-hour urine with 91% sensitivity, 95.4%
specificity, 95.2% PPV, and 91.2% NPV [6]. In addition, this
study found the P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV, and 94.5%
overall accuracy in detection of significant proteinuria [> 1 g
(1.393 g/24-hour urine)] in PE.
The National Kidney Foundation Guidelines suggested
the spot urine samples to detect and monitor proteinuria
in adults [7], and the 24-hour urine sampling is not always
performed correctly, inconvenient, and time-consuming [6].
Morales et al., also reported the potential error in detecting proteinuria in spot urine sample does not exceed
the error in collecting the 24-hour urine sample [17].
Moreover, the 24-hour protein can be calculated from
the P/C ratio in spot urine sample using the following equation: 24-hour urine protein in grams = 0.81 X P/C ratio + 0.3.
This study found that the P/C ratio of 1.35 ± 2.54 had
94.4% sensitivity, 94.9% specificity, 97.1% PPV, 90.2% NPV,
and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hour urine) in PE. The high predictive
value of the P/C ratio in detection of significant proteinuria
in this study can be explained by the strict exclusion criteria
of the study.
This study suggests the use of P/C ratio as an alternative
to 24-hour urine protein to detect significant proteinuria
in PE.
The absence of regular pregnancy controls, and women
refused to participate and/or give consent were the limitations faced during this study.
This study was the first registered study designed to
evaluate the accuracy of P/C ratio in detection of significant
proteinuria (> 1 g/24-hour urine) in PE.

CONCLUSIONS
The P/C ratio of 1.35 ± 2.54 had 94.4% sensitivity, 94.9%
specificity, 97.1% PPV, 90.2% NPV, and 94.5% overall accuracy in detection of significant proteinuria (> 1 g/24-hour
urine) in PE. This study suggests the use of P/C ratio as
an alternative to 24-hour urine protein to detect significant
proteinuria in PE.
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ABSTRACT
Objectives: To summarize our five-year experience with managing patients diagnosed with wide range of PAS disorder
and treated with prophylactic internal iliac balloon implantation prior to cesarean section and to assess maternal and
fetal outcomes.
Material and methods: Retrospective cohort study.
Results: A total of 30 patients were included in the study. Hysterectomy was performed in 10 cases — partial hysterectomy in six and total hysterectomy in four. Median estimated blood loss was 1.18 L. In two cases technical complications
were noted. In one case bilateral internal iliac artery thrombosis requiring urgent surgical intervention occurred. A total
of 30 live infants were delivered. Mean birth weight was 2435 g and mean Apgar score at 1’, 5’ and 10’ minutes was 6.8,
8 and 8.7 respectively. After average 30 days of hospitalization all infants and their mothers were discharged in good
clinical condition.
Conclusions: Placenta accreta spectrum remains a challenge for obstetricians and gynecologists and despite interdisciplinary approach is associated with numerous complications with life-threatening postpartum hemorrhage being
the most serious one. Prophylactic placement of iliac balloons is a minimally invasive and safe endovascular technique
which allows rapid and effective control of postpartum bleeding in patients with PAS, with low complication rate for
both mother and the child.
Key words: abnormally invasive placenta; postpartum hemorrhage; high-risk pregnancy; hysterectomy; surgical techniques
Ginekologia Polska 2022; 93, 12: 980–986

INTRODUCTION
Placenta accreta spectrum (PAS) is adversely impacting
maternal health outcomes worldwide and its prevalence
is likely to rise rapidly. The term PAS refers to the range of
pathologically adherent or invasive placentas and includes
placenta accreta, placenta increta and placenta percreta
[1]. This classification is based on the depth of placental
invasion into the myometrium and surrounding tissues. Placental tissue implants onto the myometrium (accreta), into
the myometrium (increta) or through the myometrium to
surrounding organs (percreta) [2]. The most common risk
factor is multiple previous cesarean deliveries, with ob-

served rise over the last decades leading to a considerable
increase in the incidence of PAS disorders that now occur
approximately in up to 1 of 272 patient with a birth-related
hospital discharge diagnosis [3, 4]. In a large systematic review, the rate of placenta accreta spectrum increased from
0.3% in women with 1 previous cesarean delivery to 6.7%
in women with six previous cesarean deliveries [5]. Other
risk factors include history of uterine surgery causing damage to the uterine wall integrity (operative hysteroscopy,
surgical termination and endometrial ablation or curettage),
multiparity, advanced maternal age, Asherman syndrome,
assisted reproduction techniques and prior or current pla-

Corresponding author:
Maciej Szmygin
Department of Interventional Radiology and Neuroradiology, Medical University of Lublin, Aleje Raclawickie 1, 20-059 Lublin, Poland
e-mail: mszmygin@gmail.com
Received: 27.04.2021 Accepted: 20.11.2021 Early publication date: 14.03.2022
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download
articles and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

980

Krzysztof Pyra et al., Internal iliac artery balloon for PAS

Figure 1. Imaging examination of a 20-year old patient with praevia PAS; A. Presence of numerous abnormal placental lacunae, undetectable
myometrium and bladder wall interruption on grayscale ultrasound; B. Doppler mode showing vascular supply; C, D. T2- weighted MRI sequences
(saggital and coronal) confirming the diagnosis

centa abnormalities, especially placenta previa (PP) [6, 7].
In most PAS disorders (more than 90%) women have also
PP– praevia PAS [8].
Clinical signs during the delivery are like those of placental retention: lack of placental separation within 20–30 minutes after childbirth despite active management of the
third stage of labor, difficulties with manual or piecemeal
placental removal requiring instrumental intervention and
heavy bleeding from the placental bed after placental removal during cesarean section [9, 10]. Prenatal diagnosis of
PAS is invaluable to reduce the risk of perioperative bleeding
and improve management strategy. It enables early, prompt
referral of suspected cases to tertiary center that beyond
experienced multidisciplinary team is equipped with facilities such as immediate availability of blood products
and intensive care unit [11]. Routine ultrasonography in
the second and third trimester is the primary imaging tool
for screening women at risk of PAS, although it can be also

suspected at a very early stage during the first trimester
of pregnancy. In highly specialized centers, the diagnostic
accuracy of ultrasound in identifying previa PAS is over 90%
but recent series show that up to a third of cases of PAS are
not diagnosed antenatally [12]. In order to confirm the depth
of invasion and delineate its topography, or in doubtful cases
such as localization of the placenta at the posterior wall,
magnetic resonance imaging (MRI) should be performed
to add valuable information [13] (Fig. 1).
Guidelines from International Society for PAS recommend fully individualized timing of delivery, based on personal risk assessment of emergent cesarean section. Patients
in stable condition with diagnosis of PAS should be scheduled for elective cesarean delivery at around 34 to 37 weeks
depending on their history of preterm birth, vaginal bleeding or PROM [14]. However, the optimal surgical approach to
PAS disorders is not determined yet and different management options are available: from cesarean hysterectomy
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persisting the definitive treatment method, to one-step
conservative operations and the triple P procedure, focused
on removing only this part of the uterine wall invaded by
the placenta [15, 16]. Still, surgical management of PAS disorders remains a challenge for obstetricians and all measures
taken in aim to reduce maternal mortality and improve the
quality of perinatal care are invaluable [17, 18]. Hence several
surgical methods and various additional techniques ranging
from uterine cavity compression with balloon tamponade
or sutures, to pelvic devascularization with uterine artery
or internal iliac artery ligation aiming to control bleeding
in patients with PAS have been suggested [19–21]. With the
introduction of interdisciplinary hybrid operating rooms
equipped with digital subtraction angiography (DSA) minimally invasive endovascular radiology methods performed
in order to reduce peri-operative blood loss and improve
visualization of the operative field were proposed [22–25].

Objectives
The purpose of our study was to summarize our five-year
experience with managing patients diagnosed with wide
range of PAS disorder and treated with prophylactic internal
iliac balloon implantation prior to cesarean section and to
assess maternal and fetal outcomes. At our institution this
procedure has become a routine part of preparation for
scheduled cesarean section in patients diagnosed with PAS.

MATERIAL AND METHODS
In this retrospective, single-center study we investigated the medical records of patients with PAS who underwent prophylactic internal iliac balloon implantation
prior to cesarean section from January 2015 to October
2020. Clinical information including age, history of deliveries/cesarean sections and additional risk factors (e.g.,
diabetes mellitus, smoking and endocrine disorders) was
collected. All patients were evaluated by a multidisciplinary
board consisting of obstetrician, anesthesiologist, interventional radiologist, urologist and neonatologist. Diagnosis of
PAS was based upon US and/or MRI examination. Elective
cesarean delivery was scheduled at 34 to 37 weeks. In case
of rapid and severe antepartum hemorrhage or clinical
deterioration the procedure was carried out without any
delay. Antenatal corticosteroids were administered to all
patients before the delivery.
All procedures were performed in hybrid operating
room. Firstly, in local anesthesia, bilateral vascular access
was obtained and both internal iliac arteries were catheterized with 5-Fr Cobra catheters (Cook, Bloomington,
IN) simultaneously by two interventional radiologists.
Afterwards, PTA balloon catheter was placed on each side
and inflated with a mixture of saline and contrast media.
Control angiography confirmed proper balloon place-
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ment and complete vessel occlusion. All measures were
taken in order to reduce the radiation dose to the mother
and the fetus according to the as low as reasonably achievable (ALARA) principle (short fluoroscopy pulses, optimization
of X-ray tube and detector position, tight collimation etc.).
Bilaterally, balloons were deflated, the sheaths were dressed
and sutured to the skin. Following the endovascular part,
the cesarean procedure was carried out in general anesthesia. After the delivery of the infant, the balloons were
inflated (3AT up to 60 minutes) on both sides in order to
reduce the bleeding. In case of uneventful detachment and
removal of the placenta and successful hemostasis the uterus was sutured, balloons deflated, and abdominal wall was
closed. In case of extensive postpartum hemorrhage despite
the inflated balloons, hysterectomy was performed if deemed
necessary. Afterwards, angiographic control of internal iliac
arteries was performed. If sign of contrast extravasation was
observed, endovascular embolization was carried out (Fig. 2).
Finally, both balloons and vascular sheaths were removed, and puncture sites were closed using closing devices or manual compression. After the surgery all patients
remained under intensive surveillance for at least 24 hours.
Procedural details (radiation dose, hysterectomy rate,
estimated blood loss, volume of blood products transfused,
duration of the surgical procedure and complications) as
well as fetal information (Apgar at 1’, 5’ and 10’ minute, birth
weight, postpartum complications and hospitalization duration) were recorded.
Consent for publication was obtained for every individual person’s data included in the study. The institutional
review board approved the study.

RESULTS
A total of 30 patients were included in the study.
The mean age of the patients was 35 years (from 26 to 45)
and median gestational age at the time of delivery was
34 weeks (from 27 to 38). The median number of previous
pregnancies was 3 (from 1 to 7) while median number of
previous caesarean deliveries was 1.7 (from 0 to 5). Additional risk factors during the pregnancy included diabetes
mellitus (20%), hypothyroidism (17%), anemia (10%) and
nicotinism (7%). Routine blood analysis including red blood
cells count (RBC) and hemoglobin were performed before
and after the cesarean section. Average RBC was 3.8 × 106/uL
(from 3.1 to 4.6 × 106/uL) and average hemoglobin level
was 12 g/dL (from 8.1 to 13.7 g/dL) before the procedure.
Patients’ demographics are presented in Table 1.
As far as the antenatal diagnosis of placenta accreta
spectrum and the degree of placental invasion was concerned, the preoperative imaging examinations disclosed
placenta accreta in 12 patients (40%), placenta increta in
17 patients (56%) and placenta percreta in one patient
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Figure 2. Prophylactic internal iliac arteries balloon placement in a patient with PAS and uterus didelphys; A. Radiological part of the procedure
— initial angiography from vascular sheathes in internal iliac arteries (white arrows). Control contrast injection after inflating of the balloons
confirms occlusion of internal iliac arteries (white stars); B. After balloon placement, the sheaths were dressed and sutured to the skin; C. Intraoperative picture after the delivery; D. Control angiography showing no signs of contrast extravasation

Table 1. Demographic characteristic of the patients
Patients n = 30
Demographic data
Mean age [years] (min–max)

35 (26 to 45)

Average gestational age [weeks] (min–max)

34 (27 to 38)

Average gravidity (min–max)
Previous cesarean section [mean] (min–max)

3 (1 to 7)
1.7 (0 to 5)

Additional risk factors
Diabetes mellitus (n, %)

6 (20%)

Hypothyroidism (n, %)

5 (17%)

Anemia (n, %)

3 (10%)

Nicotinism (n, %)

2 (7%)

Laboratory results before the delivery
Red Blood Cells (RBC) [mean] (min–max)

3.8 × 106/ul (3.1 to
4.6 × 106/uL)

Hemoglobin (Hgb) [mean] (min–max)

12 g/dL (from
8.1 to 13.7 g/dL)

(4%). Median radiation dose during balloon placement
was 37 mGy (from 10 to 75). Median duration of balloon
occlusion was 38 min (from 15 to 60 min) whereas median obstetric surgery duration was 84 min (range 20 to
200 min). Hysterectomy was performed in 10 cases (33%)
— partial hysterectomy in six and total hysterectomy in four.

From this group histopathological examination of hysterectomy specimens identified three cases of placenta accreta (25% of all patients with placenta accreta), six cases
of placenta increta (35%) and one case of placenta percreta
(100%). Median estimated blood loss (EBL) was 1.18 L (range
0.25–4.5 L). Median number of blood products transfused
during the surgery (red blood cells and fresh frozen plasma)
was 1.6 and 1.4 respectively. Median RBC count drop was
0.6 × 106/uL and median hemoglobin concentration drop was
1.4 d/dL after the delivery. On average, patients spent 30 days
in hospital (including pre-cesarean stay) (range 5–76 days).
In two cases (7%) technical complications occurred —
in one patient balloon rupture was observed in control angiography and in one patients balloon migration to external
iliac artery was noted. Both patients required partial hysterectomy. In one case (3%) bilateral internal iliac artery thrombosis requiring urgent surgical intervention occurred. This
patient underwent total hysterectomy. Control angiography
disclosed minor post-cesarean contrast extravasation in three
cases (10%). In all three patients, successful embolization of
uterine arteries was performed with gelatin sponge powder.
A total of 30 live infants were delivered. Mean birth
weight was 2435 g (range 950–3450 g) and mean Apgar
score at 1’, 5’ and 10’ minutes was 6.8, 8 and 8.7 respectively.
From this group 13 (43%) neonates required continuous
positive airway pressure (CPAP) therapy for 12–24 hours
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Table 2. Procedural details and clinical outcome
Patients n = 30
Radiological details
Mean radiation dose (min–max)

37 mGy (10 to 75 mGy)

Mean duration of occlusion (min–max)

38 min (15 to 60 min)

Embolization rate (n, %)

3 (10%)

Endovascular complication rate (n, %)

3 (10%)

Procedural details
Median duration of surgery (min–max)

84 min (20 to 200 min)

Hysterectomy rate (n, %)

Partial — 6 (20%)

Median estimated blood loss (EBL) (min–max)

1.18 L (0.25 to 4.5 L)

Median number of blood products transfused (n)
Median laboratory values drop

Total — 4 (13%)

Red blood cells — 1.6

Freshly frozen plasma — 1.4

Red blood cells count — 0.6 × 106/uL

Hemoglobin — 1.4 d/dL

Neonates details
Mean birth weight was (min-max)

2435 g (950 to 3450 g)

Mean Apgar score at 1’ 5’ and 10’ minutes

6.8, 8, 8.7

Neonates requiring CPAP (n,%)

13 (43%)

after delivery. Additionally, in two (15%) infants exogenous
surfactant therapy was implemented. All 13 infants were
admitted to the neonatal ICU for observation. No further
complications were observed. Eventually, all 30 infants
and their mothers were discharged in good clinical condition.
Procedural details and clinical outcome are shown in Table 2.

DISCUSSION
Placenta accreta spectrum (PAS) remains a challenge for
obstetricians and gynecologists and despite interdisciplinary approach is associated with numerous complications
with life-threatening postpartum hemorrhage (PPH) being
the most serious one. According to authors of meta-analysis
reported maternal mortality rate is up to 7% in patients
with PAS [26, 27]. That is why, minimally invasive techniques
of interventional radiology aiming to reduce intra-operative bleeding were gradually adopted in many centers
world-wide. First use of endovascular methods in control of
PPH was described by Brown et al. in 1979 [28]. Since then,
the technique evolved and became an effective method
especially in situations where preservation of fertility is
desired [29]. The aim of our study was to analyze maternal
and neonatal outcomes among patients diagnosed with PAS
treated with prophylactic internal iliac balloon implantation
prior to cesarean section.
In our study, median estimated blood loss (EBL) during
cesarean section was 1.18 L which remains within the range
of EBL described by other authors [22, 23, 30–35]. According
to WHO recommendations blood loss of ≥ 1.0 L is defined
as severe PPH however this definition is based on historical
findings and from our experience such blood loss is fully
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manageable with blood products transfusion [36]. Massive
PPH defined by a blood loss > 2.5 L occurred in two patients
(7%). Both required significantly more blood products (7 of
red blood cells and six of freshly frozen plasma compared
to median of 1.6 and 1.4 in other patients) and underwent
total hysterectomy. Nevertheless, they were eventually discharged in good clinical conditions with healthy infants. In
case of massive PPH despite inflated balloons one should
always remember about non-uterine arteries which do not
originate from internal iliac arteries but might be major
sources of PPH [37]. Therefore, some authors recommend
abdominal aorta occlusion rather than blockage of internal
iliac arteries [22, 31]. According to Cui et al. this type of balloon placement blocks most of the pelvic blood supply and
significantly aids hemodynamic stability [31]. In our center
however, abdominal aorta occlusion is reserved for emergency cases (e.g., ruptured abdominal aorta aneurysms)
rather than for elective procedures.
In our institution all cesarean deliveries in patients with
PAS are performed in general anesthesia. Hong et al. compared the maternal hemodynamics, EBL and neonatal outcome of general versus epidural anesthesia for cesarean section among patients with morbidly adherent placenta [38].
The authors concluded that general anesthesia may increase
blood loss without improving the safety of the procedure.
On the other hand, in the event a hysterectomy is necessary,
the conversion from regional to general anesthesia might
take some time and increase the intraoperative blood loss.
Despite comparable EBL the hysterectomy rate was
higher than described by above-mentioned authors (33%
in our study). Possible explanation is that in some cases,
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after discussion with the patient and obtaining an informed
consent, the hysterectomy was performed in order to prevent further potentially life-threatening pregnancies in
multiparous patients – median number of previous pregnancies in hysterectomy group was four compared to 2.6 in
non-hysterectomy group. As expected, the rate of hysterectomy increased with the degree of placental invasion and
severity of PAS — 25% of patients with placenta accreta,
35% of patients with placenta increta and 100% of patients
with placenta percreta.
Authors of other studies reported a rate of maternal
complications up to 16% due to balloon placement [22, 23,
30–35]. Complication rate documented in our study was
significantly lower — 10%. Exact causes for these particular
complication rates are difficult to ascertain but there are
two possible explanations. First, in our center all procedures were performed in hybrid room which eliminates the
need of patient’s transfer to the delivery suite and enables
quick angiographic control if needed. Secondly, the catheter
placement was performed simultaneously by two experienced interventional radiologists with minimal number of
attempts which reduces the probability of luminal trauma.
Unfortunately, similarly to Cui et al. and Shrivastava et al.
an internal iliac artery thrombosis occurred in one patient
[31, 35]. The patient was managed with surgical means. This
confirms that the decision of balloon implantation should
always be made based on a comprehensive analysis of the
patient’s general condition as the pregnancy and balloon
occlusion are risk factors for venous thrombosis [39, 40].
As far as neonatal complications are concerned, apart
from large group of infants requiring continuous positive
airway pressure (CPAP) therapy for 12–24 hours after delivery (14–43%, median gestation age — 32 weeks) no serious complications were observed. This stays in line with
observations made by Nicholson et al. who did not find
any evidence for balloon-induced ischemic complications
for the neonates [23].
In terms of radiation, all measures were taken in order to
reduce the radiation dose to the mother and the fetus (median dose achieved in our patients was 0.037 Gy). According
to Yoon et al. dose lower than 0.5 Gy is generally considered
safe for the fetus during the second and third trimester
[41]. Doses greater than 150 mGy, which are viewed as the
minimum dosage at which negative fetal consequences will
occur, were not achieved in any of our patient. Semeraro et
al. who conducted a study on fetal radiation dose during
prophylactic balloon placement in patients with morbidly
adherent placenta concluded that the most significant dose
reduction might be obtained with pulsed fluoroscopy rate
which were routinely performed in our center [42].
We are aware that our research has several limitations. The main limitation is the retrospective nature of the

data collected from a single center and consequently small
sample size due to rarity of the condition. Secondly, umbilical
cord pH which could provide additional information on neonate condition was not routinely acquired in all patients. Finally, lack of control arm consisting of patients undergoing
cesarean section without prophylactic balloon placement
for direct comparison might be perceived as a drawback.

CONCLUSIONS
In conclusion, prophylactic placement of iliac balloons
is a minimally invasive and safe endovascular technique
which allows rapid and effective control of postpartum
bleeding in patients with a wide range of disorders from
placenta accreta spectrum, with low complication rate for
both mother and the child.
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ABSTRACT
Objectives: Investigating the expression levels of plasma protein Z (PZ) and protein Z-dependent protease inhibitor
(ZPI) in fetal growth restriction (FGR) and to explore their diagnostic value in FGR.
Material and methods: In this study, the number of pregnant women with FGR, healthy pregnant women (Healthy
Control, HC), and childbearing-age women without pregnancy (Blank Control, BC) is 79, 79, and 60, respectively;
their plasma PZ and ZPI levels in each group are determined by ELISAs. Then, the correlations between these indices
and FGR were assessed using Spearman analysis. Moreover, these indices’ diagnostic values for FGR are evaluated using
the receiver operating characteristics (ROC) curves.
Results: The plasma levels of PZ and ZPI are significantly decreased in the HC and FGR groups compared against
the BC group (P < 0.001), whilst the levels of PZ and ZPI in the FGR groups are lower than those in the HC group
(P < 0.01) notably. PZ plasma concentration has positive relationship with ZPI concentrations in the HC and FGR groups.
The combination of PZ and ZPI, with the Area under the Curve (AUC) 0.92 (95% CI = 0.88–0.96), the sensitivity 0.82, and
the specificity 0.88, outperforms everyone.
Conclusions: Plasma PZ and ZPI are significantly decreased in pregnant women with FGR, which can be used for pregnant women’s FGR screening.
Key words: fetal growth restriction; protein Z; protein Z-dependent protease inhibitor; coagulation dysfunction; diagnosis
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INTRODUCTION
Fetal growth restriction (FGR) is also known as intrauterine growth restriction (IUGR). It is defined as fetuses with
an estimated fetal weight or abdominal circumference that
is less than the 10th percentile for gestational age [1]. FGR is
one of the common complications of pregnancy probably
caused by maternal, fetal, placental and external factors,
and it has a significant impact on fetal morbidity and mortality as well as long-term neurological dysfunction [2]. Previous studies have shown that FGR is an important cause of
perinatal morbidity and mortality, with 52% of stillbirths and
10% of fetal perinatal deaths related to FGR [2]. Fetal growth
is a complex process controlled by maternal, placental or

fetal factors. Maternal age, nutritional status, living environment and some pregnancy complications have a close
relationship with the growth and development of the fetus
[3]. The abnormal structure or function of the placenta is also
an important factor affecting the growth and development
of the fetus in utero. Although the primary pathophysiological mechanisms of these causes differ from one another, they
usually share the same final common pathway: decreasing
the supply of nutrients to the fetus by affecting the blood
perfusion between the uterus and placenta [4].
During pregnancy the body’s coagulation and anticoagulation systems are in dynamic balance helpful to maintain the normal function of the placenta. Abnormal blood
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coagulation in pregnant women can promote forming
thrombus between the uterus and placental villus, as well
as reduce exchanging placental nutrients, thus leading to
the occurrence of FGR [5–6]. In addition, previous studies
have shown that placental fibrin deposition and vascular
thrombosis significantly reveals increase in patients with
FGR, including villous arterial thrombosis, perivillous fibrin,
and utero-placental and intervillous thrombosis [5].
Protein Z (PZ) is a vitamin K-dependent plasma protein
with N-terminal Gla domain. On one hand, it promotes binding thrombin and phospholipid surface and helps blood
coagulation. On the other hand, these proteins can also
combine with protein Z-dependent protease inhibitor (ZPI)
forming a complex that jointly inhibits the activity of activated coagulation factor X (Xa) in the coagulation pathway,
so the indirect anticoagulation will be developed during this
process [6–9]. The ZPI-PZ complex inhibits the coagulation
response which inhibits the FXa produced by the external
or internal FXase complex prior to its incorporation into
prothrombin. The ZPI-PZ minimally regulates FXa during
prothrombin activation [10]. PZ with reducing levels lead
to procoagulant states and are associated with thrombotic
diseases, such as ischemic stroke, venous thromboembolic
disease, cardiovascular disease, and pregnancy complications [11]. At present, studies have proved that PZ is bound
up with placental abruptions in preeclampsia and recurrent
abortion, but there are still few studies on the correlation
between changes in PZ and ZPI levels and FGR [12–15].
Aiming at improving the maternal and infant outcomes
of patients, it is very significant to clarify the etiology
and pathogenesis of FGR and to strengthen the prevention
and treatment of FGR Therefore, in this study, the plasma
levels of PZ and ZPI in pregnant women with FGR during
pregnancy, normal pregnant women as well as non-pregnant women of childbearing age, were detected to analyze
the correlation between the two and FGR group, and to
explore the diagnostic value of the two for FGR.

MATERIAL AND METHODS
Subjects
The FGR group was made up of 79 FGR patients who
were diagnosed and hospitalized for delivery in the Third
Affiliated Hospital of Zhengzhou University from September
2018 to March 2020. There are 39 patients in the second
trimester and 40 in the third trimester. According to FGR
guidelines approved by the American College of Obstetricians and Gynecologists (ACOG) in 2019, each patient was
diagnosed [1]. In addition, 79 healthy pregnant women
were selected as healthy control (HC) including 42 cases
in the second trimester and 37 cases in the third trimester.
They received routine perinatal care in outpatient department during the same period. Moreover, 60 women at child-
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bearing-age were undergoing pre-pregnancy examination
and they were selected as the blank control group (BC group).

Exclusion criteria
Chronic pregnancy complications, such as hypertension,
diabetes, hypothyroidism; pregnancy with autoimmune
diseases, such as systemic lupus erythematosus, rheumatoid arthritis; pregnancy-complicating diseases of major
organs; fetal developmental abnormalities or chromosomal
abnormalities; placental abnormalities; acute and chronic
infectious diseases; history of smoking, alcohol abuse or
mental illness.
This study was authorized by the Ethics Committee
of the Third Affiliated Hospital of Zhengzhou University
(No.05). All subjects had signed the informed consent form
before venous blood collection.

Sample collection and preservation
We collected 2 mL of fasting peripheral venous blood
from all subjects using an EDTA vacuum anticoagulation
tube and centrifuged at 4ºC, 3500 rpm for 5 min. Then,
the supernatants were collected separately and stored at
–80ºC for the following examinations.

Detection of PZ and ZPI levels
Levels of PZ and ZPI in plasma were determined by
double-antibody Enzyme-linked immunosorbent Assays
(ELISAs). The performance of ELISAs is based on the manufacturer’s instructions of ELISA kits (ab137989 and ab181132,
Abcam, UK). Also, 50 µL of standards and patients’ plasma
samples were added onto the microtiter plate each well.
Then cover wells with sealing tape and incubate for two
hours at room temperature. After incubation, remove liquid
from each well and wash five times. Add 50 µL of PZ antibody
or ZPI antibody to each well and incubate for one hour. Then
wash microplate and add 50 µL of SP conjugate to each well.
Incubate for 30 minutes and wash microplate again. Add
50 µL of chromogen substrate to each well and incubate
for about 20 minutes or till the optimal blue color density
develops. Then add 50 µL of stop solution to each well to
terminate the reaction. The absorbance values of each well
in the microtiter plate at 450 nm were detected immediately.

Statistical analyses
Statistical analyses were performed using SPSS 23.0 software (Chicago, USA). The quantitative data conforming to
normal distribution were expressed as mean ± standard
deviation (X ± SD) and abnormal distribution data were
presented as median (percentiles), M (P25, P75). Two independent samples t-test and nonparametric Mann-Whitney
U were used to compare the differences between two
groups. One-way ANOVA and Kruskal-Wallis test were used
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Table 1. Comparisons of general information of subjects among the BC, HC, and FGR groups
Terms
Age (years)

BC

HC

FGR

c2/Z

p

24 (27.5, 30)

28 (26, 30)

29 (27.75, 31)

2.91

0.23

Gravidity

1 (1.2)

2 (1.3)

2 (1.3)

5.37

0.068

Parity

1 (0.1)

0 (0.1)

0.5 (0.1)

3.48

0.18

Gestational age*

—

28.49 ± 3.98

29.23 ± 4.43

0.83

0.41

BMI#

—

23.48 ± 1.97

23.61 ± 2.32

0.30

0.77

* — The gestational age was calculated based on the last menstruation and verified through early-stage ultrasonography; FGR — fetal growth restriction; BC — Blank
Control; HC — Healthy Control; BMI — body mass index

to compare the differences among multiple groups. Pearson
analysis was used to analyze the correlation between PZ and
ZPI concentrations. The Spearman test was performed for
simple correlations. Besides, the diagnostic value of each
indicator or indicator combination was assessed using the
receiver operating characteristics (ROC) curves. In each analysis, the difference was statistically significant at P < 0.05.

Table 2. Comparisons of plasma PZ and ZPI among BC, HC, and
FGR groups (±s)
Terms

n

PZ (ng/mL)

ZPI (ng/mL)

BC

60

16.80 ± 3.41

6.54 ± 1.11

79

34.67 ± 6.25a

13.54 ± 2.44a

79

24.26 ± 4.70b

9.62 ± 1.92b

< 0.001

< 0.001

HC
FGR
p

a — Compared with BC group, p < 0.05; b — Compared with HC group,

RESULTS
The baseline characteristics of the study participants,
including age, gravidity, parity, gestational age, body mass
index (BMI), are presented in Table 1. The results show that
there was no significant difference in the age (p = 0.23),
gravidity (p = 0.068), parity (p = 0.18) among the BC, HC,
and FGR groups. In addition, no significant difference was
identified in the gestational age (p = 0.41) and BMI (p = 0.77)
between the HC and FGR groups.
To explore the variation of PZ and ZPI during pregnancy,
the expression of PZ and ZPI were determined and compared
among the BC, HC, and FGR groups. The results indicate that
the expression of PZ and ZPI were significantly lower in BC
and FGR groups comparing to HC group (Tab. 2). For further investigation, the expression of PZ and ZPI between
the second and third trimester were also compared in the HC
and FGR groups. However, significant differences were only
identified in PZ between the second and third trimester of
the FGR group (P = 0.023, Tab. 3). The data suggested that
PZ and ZPI were significantly increased during the second
and third trimester and abnormally decreased expression of
PZ and ZPI in plasma might be potential indicators for FGR.
Pearson linear correlation analysis showed that the
plasma PZ concentration was positively correlated with
2
ZPI concentration both in the HC group (R = 0.42,
2
P < 0.0001, Fig. 1A) and FGR group (R = 0.25, P < 0.0001,
Fig. 1B). Considering these findings, the diagnostic values of PZ
and ZPI were estimated using ROC curve. The results showed
that all indices presented significant diagnostic values and
the diagnostic values in turn were: ZPI (AUC = 0.88, P < 0.001)
< PZ (AUC = 0.90, P < 0.001) < PZ + ZPI (AUC = 0.92,
P < 0.001) (Tab. 4 and Fig. 1C).

p < 0.05; BC — Blank Control; HC — Healthy Control; FGR — fetal growth
restriction

Table 3. Comparisons of plasma PZ and ZPI between the second
and third trimesters (±s)
Terms
HC

Trimester

n

ZPI (ng/mL)

Second

42

33.64 ± 6.14

13.22 ± 2.55

Third

37

35.75 ± 6.56

13.90 ± 2.29

0.14

0.22

Second

39

23.05 ± 5.17

9.38 ± 2.01

Third

40

25.44 ± 3.89

9.85 ± 1.83

0.023

0.28

p
FGR

PZ (ng/mL)

p

FGR — fetal growth restriction ; HC — Healthy Control,; PZ — protein Z; ZPI
— Z-dependent protease inhibitor

DISCUSSION
Placental insufficiency is widely accepted to be the primary cause of FGR, but the reasons of placental insufficiency
are various and complex. Constricted spiral arteries and
increased coagulation result in fetal hypoxia and inappropriate nutrition exchange [16]. Hence, it is important to explore
the pathogenesis of coagulation dysfunction to improve the
clinical diagnosis and therapy of FGR.
PZ is a kind of vitamin K-dependent plasma protein
and commonly synthesized by vascular endothelial cells
[17]. Its structure is similar to other K-dependent factors,
such as VII, IX, and protein C [18]. ZPI is a member of serpin
superfamily, which can rapidly inhibit activation of factor Xa
when having PZ, calcium and procoagulant membranes. It
also can suppress the activation of factor XI lack of the aforementioned cofactors [19]. Previous studies demonstrated
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A

B

HC

FGR

20

15

10

ZPI (ng/ml)

ZPI (ng/ml)

15
10

5

5
0

0
0

20

40

60

0

10

PZ (ng/ml)
C

20

30

40

PZ (ng/ml)

1.0

0.8

Sensitivity

0.6

0.4

0.2

PZ
ZPI
PZ + ZPI
Reference line

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-Speci city
Figure 1. Diagnostic value of PZ and ZPI for FGR. A. Correlations between PZ and ZPI in normal pregnant women; B. correlations between PZ
and ZPI in FGR; C. Diagnostic value of PZ, ZPI assessed using ROC curve. The value of specificity is plotted as 1-specificity on the x axis

Table 4. ROC curves of diagnostic value of combined plasma PZ, ZPI, and PZ + ZPI for FGR
Terms

Specificity

Sensitivity

AUC (95% CI)

Cut-off

p

PZ

0.90

0.77

0.90 (0.86–0.95)

29.62 (ng/mL)

0.000

ZPI

0.76

0.91

0.88 (0.83–0.93)

11.70 (ng/mL)

0.000

PZ + ZPI

0.88

0.82

0.92 (0.88–0.96)

—

0.000

PZ — protein Z; ZPI — Z-dependent protease inhibitor

that abnormal expression of plasma PZ is related to adverse
pregnancy outcomes, such as intrauterine fetal death, hypertensive disorders of pregnancy, recurrent spontaneous
990

abortion, etc. [14, 20–21]. Souri et al., had documented
that plasma PZ and ZPI levels in healthy pregnant women
are significantly higher than those of the non-pregnant
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women [22]. In this study, plasma PZ and ZPI levels in the
healthy pregnant women are also higher than those of
the childbearing age without pregnant women. Further
explorations show that plasma PZ expression has a positive
relationship with the expression of ZPI in both HC and FGR
groups. According to these findings, we speculated that the
hypercoagulable nature of pregnancy might be the reason
which leads to compensatory increased synthesis of PZ and
ZPI in the liver and inhibits the activation of FXa, as well as
reducing the risk of thrombosis of the pregnant women.
Currently, the correlations between the expression of
PZ and ZPI and FGR remain unclear. Quack et al., found that
plasma PZ level in the normal pregnant women has positive
relationship with the gestational age, and it returns to a normal level within three months after delivery [23]. Brettelle
et al. [14], had demonstrated that approximately half of
pregnant women with plasma PZ deficiency has placental
vascular abnormalities, thus, they pointed out that the decrease of plasma PZ level may be related to FGR. However,
Gowri et al. [24], found that no statistical significance was
identified in the reduction of plasma PZ level in pregnant
women with FGR. In this study, compared with the normal
pregnancy control, the plasma PZ and ZPI levels are significantly downregulated in the FGR group, but there were no
significant changes in the second and third trimesters of
pregnancy in the normal pregnancy groups. It indicates that
insufficient plasma PZ and ZPI levels may be a risk factor for
FGR. In addition, further investigations showed that plasma
concentrations of PZ and ZPI has a negative relationship
with FGR. Our research provides a method to predict FGR
for the women whose fetuses are slightly smaller than the
gestational age during the second trimester.
With the lack of criteria for screening and diagnosis of
fetal growth restriction, the diagnosis is mainly based on
medical history, physical examination and ultrasound examination. Early diagnosis of FGR during pregnancy is helpful
for early intervention in pregnant and parturient women, as
well as providing a reference for improving the prognosis for
the mother and child. In this study, the diagnostic values of
PZ and ZPI were determined with ROC curve and found that
both PZ and ZPI presented higher diagnostic values. Combining these results, we speculated that deficiencies of PZ
and ZPI might contribute to the development of FGR and
be utilized for the FGR screening in clinic.
One of the limitations of this study is the data collection.
Since the diagnosis of FGR is in the second and third trimester, the plasma PZ and ZPI levels of FGR pregnant women in
the first trimester were not included. However, our research
has demonstrated the diagnostic value of PZ and ZPI for FGR.
Further studies, such as prospective studies, postpartum
follow-up, and larger cohort studies, can determine the
predictive value of PZ and ZPI in the first trimester of FGR.

CONCLUSIONS
The reduction of plasma PZ and ZPI levels might be associated with the coagulation dysfunction in pregnant women
with FGR. PZ, ZPI were presented significant diagnostic
value for FGR and the best diagnostic value was shown in
the second and third trimesters. Also, they may also benefit
finding the Etiology of FGR. Consequently, it is important to
detect the variations of PZ and ZPI in pregnancy plasma
to improve the screening and therapy of FGR.
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ABSTRACT
Objectives: In this study, our aim was to determine the differences between intrauterine growth restriction (IUGR)
and normal birth weight fetuses in terms of ischemia modified albumin (IMA) levels. For this purpose, we measured
ischemia modified albumin levels in the cord blood of fetuses and venous blood of mothers.
Material and methods: This study is a prospective study conducted at University of Health Sciences Tepecik Training and Research Hospital between January 2018 and December 2019. According to the inclusion/exclusion criteria,
227 patients were included in the study. Participants were divided into two groups according to the presence (patient
group) or absence (control group) of intrauterine growth restriction (IUGR). In addition to routine parameters recorded
during pregnancy, the IMA levels and Doppler USG findings of all participants were recorded.
Results: The mean cord blood serum IMA levels of the patient group were significantly elevated compared to controls
(p = 0.038). Whereas mean maternal blood serum IMA levels were similar among groups (p = 0.453). The cord blood and
mother blood serum IMA levels were not significantly different with regard to the presence or absence of perinatal asphyxia.
Conclusions: In the literature, studies evaluating IMA levels in the cord and maternal blood of IUGR fetuses are limited.
In IUGR patients, IMA level is expected to increase and in our study, IMA levels were significantly increased but the presence of oxidative stress has not been found to affect IMA levels.
Key words: ischemia modified albumin (IMA); oxidative stress; intrauterine growth restriction (IUGR); cord blood; asphyxia
Ginekologia Polska 2022; 93, 12: 993–998

INTRODUCTION
Ischemia Modified Albumin (IMA) is a non-specific ischemia marker that is associated with insufficient oxygenation,
elevated anaerobic metabolism, and free oxygen radicals
[1]. The clinical utility of IMA has been demonstrated in
the identification of acute coronary syndrome [2, 3]. It was
a marker that received significant interest by researchers
and clinicians as it was believed to show ischemia in its
early stages; that is before necrosis occurred. In addition,
it has been explored in diseases such as diabetes mellitus, trauma, heart failure, and pulmonary embolism [4, 5].
The interesting results put forth in these studies and the fact
that IMA measurement is very cheap have attracted the at-

tention of various other specialties, including perinatologists
and gynecologists, for its use as a marker of ischemia [6].
Although there are various opinions about the approach to the delivery of low birth weight infants and when
infants with intrauterine growth restriction (IUGR) should
be delivered [7, 8], each case is multifactorial and should be
an individual decision based on many factors. The current
problem with timing is to prevent intrauterine fetal loss while
also allowing sufficient time for fetal lung development.
The hypoxic environment in which fetuses with intrauterine
growth retardation are situated can lead to growth retardation and negative effects on brain development. Early detection of hypoxia is critical when considering the possibility
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of preventing such problems. Several markers reflecting
the oxidative stress of the fetus, such as prolidase activity,
total free sulfhydryl and various parameters in the oxidative
stress index have been studied for this purpose [9]. In addition
to well-established markers, some researchers have investigated whether IMA can be used to determine intrauterine
hypoxia [6, 10, 11]. Moreover, studies have been conducted
previously on the measurement of IMA in conditions such as
preeclampsia, preterm delivery, and recurrent miscarriages
[12–14]. Most field studies have been done by measuring
IMA levels in cord blood; however, maternal blood levels of
this marker may also be important for fetal development.
On the other hand, it is apparent that the number of patients
included in these studies and the number of studies themselves are insufficient to reach any clear conclusion as to how
IMA levels change in such conditions [6].
In this study, our aim was to ascertain whether IMA
levels could be regarded as a marker that could identify the
optimal birth time in fetuses with IUGR. For this purpose,
we measured and compared IMA levels in the cord blood
and maternal circulation of all patients who accepted to
participate in the study, and we evaluated results according
to birth weight.

Fetuses with an expected fetal weight below
the 10th percentile threshold according to gestational age
were accepted to have IUGR when gestational age could
be determined accurately and there were no signs of constitutionally small stature (regarding maternal and paternal
characteristics). Perinatal asphyxia was defined as the occurrence of asphyxia in the newborn after birth and diagnosis
was made according to the criteria of American Academy
of Pediatrics (AAP) and American College of Obstetrics and
Gynecology (ACOG) [13, 15]: (i) metabolic acidosis in fetal
umbilical cord arterial blood obtained at delivery (pH less
than 7 and base deficit of 12 mmol/L or more, (ii) persistence
of an Apgar score of 0–3 for longer than 5 minute, (iii) neonatal neurologic sequelae (e.g., seizures, coma, hypotonia),
and (iv) multiple organ involvement (e.g., kidney, lungs,
liver, heart, intestines).

Ethical
Permission for the study was obtained from the Clinical
Research Ethics Committee of University of Health Sciences
Tepecik Training and Research Hospital. During the conduct
of the study, the Helsinki Declaration and Good Clinical
Practices Guide were followed. Written and oral consent was
obtained from all mothers who participated in the study.

MATERIAL AND METHODS
Study Group

Measurements

This is a prospective study conducted at University of
Health Sciences Tepecik Training and Research Hospital
from January 2018 to December 2019. The criteria for inclusion in the study were to give birth between the age of
18–40 years, accepting to participate in the study and to
attend all pregnancy control evaluations at our hospital.
The exclusion criteria were:
• Multiple pregnancies (7 individuals excluded)
• Fetal malformation or chromosomal anomaly (3 individuals excluded)
• Delivery with complications (dystocia, cord prolapse,
placental abruption) (6 individuals excluded)
• Neonatal complications (11 individuals excluded)
• Gestational diabetes mellitus (16 individuals excluded)
• Preeclampsia (21 individuals excluded)
• Recurrent pregnancy loss (3 individuals excluded)
A total of 294 women who met our criteria gave birth
during the study. According to the above-mentioned reasons, 67 woman were excluded. As a result, a final group of
227 individuals were included in the study and were divided
into two groups according to fetal birth weight. Those with
low birth weight comprised the patient group (n = 76), while
those with normal birth weight formed the control group
(n = 151). In addition, patients were divided into groups according to the presence/absence of asphyxia and the effect
of oxidative stress was evaluated.

All routine data obtained to assess gestational health
(including maternal age, gestational age, gravida, parity,
birth weight, fetus gender, type of delivery, history of fetal
death) were recorded for the study. Blood samples from the
umbilical vein (after clamping of the cord) were drawn into
serum separator tubes immediately after delivery.
The cerebroplacental ratio (CPR) was determined by
the measurement of umbilical and middle cerebral artery
pulsatility indexes (PI) via Doppler. The middle cerebral artery (MCA) PI values were calculated via measurements
performed at the portion of the artery that passes close to
the sphenoid wing, while the umbilical artery (UA) PI values were calculated from measurements performed at the
free loop. During measurements, the insonation angle was
kept lower than 30° and values were recorded when fetal
movements were absent. The cerebroplacental ratio (CPR)
was defined as the ratio between middle cerebral artery
(MCA) PI and umbilical artery (UA) PI. All results obtained
with this procedure were converted into multiples of the
median (MoM), with corrections performed according to
gestational age reference ranges [16].
Cesarean sections were carried out with the following
protocol: The patients did not receive premedication therapy. In the operating room, patients were placed supine
before. Then, oxygen (3L/min) and intravenous colloidal
solution (20 mL/kg/hour) were given to the patients. After
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three minutes in this state, baseline measurements (Oxy-,
Deoxy-, Total-Hb Concentrations, Tissue Oxygenation Index, Mean Blood Pressure, and Heart Rate) were recorded. Later, the patients were placed in the lateral position
and lumbar puncture was performed at the L3/L4 interval.
Hyperbaric 0.5% bupivacaine was used in all patients by
adjusting the individual dosage by the anesthesiologist.
After the injection, the patients were placed in the supine
position. If anesthesia-related hypotension was observed
(MBP < 80% of baseline value or systolic blood pressure < 90 mmHg), ephedrine was given to the patient by
the anesthesiologist.
Measurement of IMA was performed spectrophotometrically according to the method described by Bar-Or
et al. [17]. According to this method, 200 µL patient blood
serum was mixed with 50 µL of 0.1% cobalt chloride (Sigma,
St. Louis, MO, USA) and incubated for 10 minutes. After
the incubation step, 50 µL of dithiothreitol (DTT) solution
in water (1.5 mg/mL) (Sigma, St. Louis, MO, USA) is added.
After 2 minutes, 1 mL of 0.9% NaCl is added. The absorbance of the sample is measured with a spectrophotometer
set at 470 nm. A sample without DTT addition is used as
the blank for each measurement. All results were reported
in absorbance units (AbsU).
Fetal and maternal IMA measurements were performed
at > 37 weeks of gestation.

Statistical analysis
Power analysis was performed with G-Power 3.1.9.7. Accordingly, the total minimum number of people to attend
was calculated as 46 for each group. SPSS version 22.0 (IBM
Corporation, Armonk, New York, US) was used for statistics
and calculations. Differences between cases and controls
were tested for significance using the chi-square test for
categorical variables. The normally distributed variables
were evaluated using Shapiro–Wilk tests. Independent T-test
was used if the data showed normal distribution for continuous variables (data were presented as mean ± standard
deviation) and Mann–Whitney U test was used if the data
did not show normal distribution (data were presented as
median ± min, max). p < 0.05 was accepted as statistically
significant.

RESULTS
Seventy-six (33.5%) of the 227 neonates had IUGR. Gestational ages and birth weights were lower in the IUGR group
compared to the newborns in the control group. However,
no differences were found in maternal age between these
groups. In terms of IMA, the mean cord blood serum IMA
levels of the patient group were significantly elevated compared to those from uncomplicated pregnancies (p = 0.038).
However, mean maternal blood serum IMA levels were similar (p = 0.453). (Tab. 1).

Table 1. Clinical and demographic features of the study group
IUGR Group (n = 76)

Control Group (n = 151)

p

Fetus gender; n (%)
Female
Male

49 (64.5)
27 (35.5)

74 (49.0)
77 (51.0)

0.019

Maternal age; years (mean ± SD)

26.0 ± 5.9

27.2 ± 6.4

0.165

Gravida (median, min–max)

2 (1–7)

2 (1–10)

0.044

Parity (mean ± SD)

1.7 (0-6)

2.2 (0-10)

0.002

Birth weight; g (mean ± SD)

2322 ± 546

3288 ± 376

< 0.001

Gestational age; weeks (mean ± SD)

37.4 ± 2.1

38.9 ± 1.1

< 0.001

History of fetus mortality; n (%)

0 (0.0)

3 (2.0)

0.292

History of abortion; n (%)
0
1
2
≥3

60 (78.9)
10 (13.2)
2 (2.6)
4 (5.3)

128 (84.8)
14 (9.3)
6 (4.0)
3 (2.0)

0.400

Amniotic fluid index (AFI); mm (mean ± SD)

79.5 ± 29.7

99.9 ± 16.9

< 0.001

Oligohydramniosis; n (%)

15 (19.7)

2 (1.3)

< 0.001

Asphyxia; n (%)

27 (35.5)

3 (2.0)

< 0.001

IMA level in cord blood (AbsU) (mean ± SD)

0.6 ± 0.4

0.5 ± 0.3

0.038

IMA level in maternal blood (AbsU) (mean ± SD)

0.4 ± 0.1

0.4 ± 0.2

0.453

Apgar (1 min) (mean ± SD)

6.9 ± 0.7

7.3 ± 0.6

< 0.001

IMA — Ischemia modified albumin; IUGR — intrauterine growth restriction; SD — standard deviation
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Table 2. Comparison of the clinical features of the neonates with perinatal asphyxia and non-asphyxia neonates
Asphyxia Present (n = 30)

Asphyxia Absent (n = 197)

p

Fetal gender; n (%)
Female
Male

13 (43.3)
17 (56.7)

110 (55.8)
87 (44.2)

0.139

Maternal age; years (mean ± SD)

26.0 ± 6.0

27.0 ± 6.3

0.417

Gravida (mean ± SD)

1.8 (1–9)

2.5 (1–10)

0.020

Parity (mean ± SD)

1.4 (0–7)

2.1 (0–10)

0.008

Birth weight; g (mean ± SD)

2017 ± 683

3107 ± 486

< 0.001

Gestational age; weeks (mean ± SD)

37.9 ± 2.1

38.4 ± 1.6

0.087
0.652

History of mortal fetus; n (%)

0 (0.0)

3 (1.5)

History of abortion; n (%)
0
1
2
≥3

25 (83.3)
4 (13.3)
0 (0)
1 (3.3)

163 (82.7)
20 (10.2)
8 (4.1)
6 (3.0)

Amniotic fluid index (AFI); mm (mean ± SD)

76.0 ± 31.4

95.7 ± 21.5

0.688

< 0.001

Oligohydramnios; n (%)

7 (23.3)

10 (5.1)

0.003

IMA level in cord blood (AbsU) (mean ± SD)

0.6 ± 0.4

0.6 ± 0.4

0.925

IMA level in maternal blood (AbsU) (mean ± SD)

0.4 ± 0.1

0.4 ± 0.2

0.181

Apgar (1 min) (mean ± SD)

6.4 ± 1.3

7.3 ± 0.4

< 0.001

IMA — Ischemia modified albumin; SD — standard deviation

Table 3. Distribution of antenatal Doppler findings in 76 newborns with intrauterine growth restriction and comparison with asphyxia and
non-asphyxia pregnancies

MCA-PI (mean ± SD)

Asphyxia Present (n = 27)

Asphyxia Absent (n = 49)

p

1.1 ± 0.4

1.2 ± 0.3

0.426

MCA-S/D (mean ± SD)

3.4 ± 1.2

3,7 ± 0.9

0.272

UA-PI (mean ± SD)

0.9 ± 0.2

0.9 ± 0.3

0.445

UA-S/D (mean ± SD)

3.02 ± 1.1

2.90 ± 0.8

0.592

UA-S/D end-diastolic flow loss; n (%)

3 (11.1)

3 (6.1)

0.851

C/P Ratio (mean ± SD)
C/P Ratio n (%)
Normal
Abnormal

1.2 ± 0.5

1.4 ± 0.5

0.333
0.747

17 (62.9)
10 (37.1)

29 (59.1)
20 (40.9)

UA — umbilical artery; MCA — middle cerebral artery; PI — pulsatility index; C/P ratio — cerebro-placental ratio; SD — standard deviation

Thirty (13.2%) newborns were diagnosed with perinatal asphyxia. In these cases, mean birth weight was
significantly lower than the controls. Oligohydramnios
before delivery was more common in those with perinatal asphyxia. The cord blood and maternal blood serum
IMA levels were not significantly different in newborns
with perinatal asphyxia compared to healthy controls
(Tab. 2).
We also investigated Doppler findings of 76 fetuses
with fetal growth retardation were compared according
to the presence/absence of asphyxia. The mean C/P ratio
was statistically similar between the groups. The PI values
of the middle cerebral artery and the umbilical artery were
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also similar when those with and without asphyxia were
compared. (Tab. 3)

DISCUSSION
In our study, IMA levels in the maternal blood of IUGR
fetuses were found to be similar to IMA levels in the blood
samples of mothers with normal fetuses. IMA concentrations were found to be higher in the cord blood samples
of the IUGR group. On the other hand, it was observed that
IMA levels were similar when the groups were separated
according to the presence of asphyxia.
In recent years, there has been an opinion that IMA levels
in cord blood are a reliable indicator of intrauterine ischemia
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and hypoxia [18]. Guvendag Guven et al. [19] compared IMA
levels with the cord blood of 20 IUGR fetuses and 20 controls. The IMA levels of those with IUGR were reported to be
lower in addition to significant alterations in other important parameters. They also found a strong positive correlation between umbilical artery PI and IMA levels. However,
the small sample size raises concerns about the reliability
of the findings of this study. In another case-control study,
Gugliucci et al. [18] showed that IMA levels would increase
by 3-fold in a fetus that experienced oxidative stress and
hypoxia compared to healthy controls. However, the number
of patients in this study is also small. In another study, which
included a relatively higher number of patients (57 IUGR
and 110 fetuses with normal birth weight), Iakovou et al.
[10] did not find a significant difference between the two
groups in terms of IMA levels. However, in this study, IUGR
patients were not separated according to the presence or
absence of asphyxia. In our study involving 257 fetuses, although IMA levels were higher in the cord blood IUGR group,
IMA levels in the cord blood of fetuses who experienced
oxidative stress were similar. This suggests that IMA may be
elevated in cord blood due to another reason. In this respect,
the pathophysiology underlying the elevation of IMA in this
condition requires elucidation.
There are a limited number of studies looking at IMA
levels in samples taken from the maternal blood in cases
where developmental problems are observed. Although
IMA has been reported to be higher than normal pregnancies in many clinical situations, there are no studies
analyzing IMA in maternal blood of IUGR fetuses. In our
study, maternal IMA levels were similar in mothers with
IUGR fetuses compared to mothers that had fetuses with
normal development. In addition, IMA concentrations of
the mothers bearing fetuses exposed to oxidative stress
according to Doppler USG were found to be similar to those bearing fetuses without exposure to oxidative stress.
In a study by Rossi and colleagues [11] which was comprised
of 65 normal and 16 small-for-gestational-age (SGA) fetuses
at different periods of pregnancy, the IMA/albumin ratio was
investigated. Interestingly, while the IMA/albumin ratio
was found to be higher in mothers who had SGA fetuses in
the first and second trimester, the IMA/albumin ratio was
similar two weeks after termination of pregnancy. Thus,
the authors suggested that IMA may be useful in predicting oxidative stress in the early stages of pregnancy but
may lose its sensitivity thereafter. In several studies, it was
emphasized that IMA increased physiologically during pregnancy [20, 21].
Although our study reached some important findings, we should note that there are several limitations. First,
some parameters that were likely to affect IMA levels were
not similar in both groups. IMA levels might be affected

by various factors, which may lead to unreliable results
and conclusions. For instance, the gestational age was higher in the control group, which may have marginally affected
results. In addition, being a tertiary center may have affected
the high-risk pregnancy rates and the prevalence of neonatal asphyxia. We also did not look at other oxidative stress
parameters which may have been useful in determining the
levels of oxidative stress. Finally, we could not analyze the
long-term results of our patients due to insufficient records
and patients not attending long-term follow-up studies.
However, our study also has some strengths to be mentioned. Firstly, we analyzed patients regarding the presence/absence of oxidative stress. Secondly, we included
a relatively high number of patients compared to other
studies in a prospective fashion. Thirdly, we measured IMA
in maternal blood which is absent in the majority of studies
in this field. In addition, we excluded patients with clinical
conditions that are known to affect IMA levels and our study
group was homogeneous in terms of other confounding
factors.

CONCLUSIONS
In the literature, studies evaluating IMA levels in the
cord blood and maternal blood with IUGR fetuses are quite
limited. Although the common opinion is that IMA levels will
increase in patients with IUGR, we found that IMA levels are
elevated in IUGR’s and do not change compared to normal
pregnancies in the presence of oxidative stress. Further studies in larger groups are needed to establish clear evidence on
the subject and to determine the pathophysiologic mechanism by which IMA levels are altered.
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ABSTRACT
Objectives: This study aimed to examine whether expectant management in twin pregnancies with preterm premature
rupture of membranes (pPROM) is as safe as in singleton pregnancies.
Material and methods: It was a retrospective cohort study comparing pregnancy course and outcome in singleton
(n = 299) and twin pregnancies (n = 49) complicated by preterm premature rupture of membranes. Analysed factors
included maternal diseases, gestational age at premature rupture of membranes (PROM), management during hospitalization, latency periods between PROM and delivery, gestational age at delivery, neonatal management and outcome.
Results: The difference in the proportion of patients with latency up to 72 hours, latency between 72 hours and seven
days, and latency exceeding seven days were insignificant. The percentage of patients who received intravenous tocolysis
and antenatal corticosteroids were similar; however, patients in twin pregnancies more often received incomplete steroids dose (p = 0.01). The occurrence of the positive non-stress test result and signs of intrauterine infection were similar
between the groups. No statistically significant differences in the prevalence of neonatal complications except transient
tachypnoea of the newborn were identified (24% in the singleton vs 13% in the twin group, p = 0.03).
Conclusions: Expectant management of pPROM in singleton and twin pregnancies results in similar perinatal
and neonatal outcome. Consequently, in case of no evident contraindications, expectant management of twin pregnancies seems to be equally as safe as in singleton pregnancies. Patients in twin pregnancies may be at higher risk of
delivery before administration of full antenatal corticosteroids dose, therefore require immediate management initiation
and transfer to a tertiary referral centre.
Key words: pregnancy outcome; pregnancy; twin; premature birth; preterm premature rupture of the membranes
Ginekologia Polska 2022; 93, 12: 999–1005

INTRODUCTION
Twin birth rate has been gradually increasing during
the recent decades, partly due to pregnancy postponing until
more advanced maternal age [1–3]. Availability of infertility
treatment methods with ovulation stimulation and assisted
reproductive technologies are also associated with more frequent multiple pregnancy occurrences [4, 5]. The incidence
of preterm premature rupture of membranes (pPROM) in
twin pregnancies is higher than in singleton pregnancies
[6]. Intrauterine treatment of previously incurable condi-

tions, including twin-to-twin transfusion syndrome leads
to iatrogenic pPROM, which affects up to 50% of treated
cases [7–11]. PPROM management strategies in singleton
pregnancies include planned early birth and expectant
monitoring [12].

Objectives
This study aimed to examine whether expectant management in twin pregnancies with pPROM is as safe as in
singleton pregnancies. Neonatal complications incidence
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was compared between twin and singleton pPROM groups
managed expectantly.

MATERIAL AND METHODS
Patients
It was a retrospective cohort study comparing pregnancy course and outcome in singleton and twin pregnancies
complicated by preterm premature rupture of membranes. We included in our research consecutive patients
with rupture of membranes before completed 37th gestational week managed in a tertiary referral centre between
October 2016 and December 2018. Exclusion criteria were as
follows: patients in multiple pregnancies with more than two
foetuses and with congenital foetal anomalies. There were
altogether 7198 births during the observation period. Out
of them, 299 patients in singleton and 49 in twin pregnancies met the criteria of the study — 4.1% and 0.7% of all
births, accordingly. In the twin pregnancy group, there were
40 patients in dichorionic diamniotic pregnancies and nine
patients in monochorionic diamniotic pregnancies. Analysed factors included maternal diseases, gestational age at
PROM, management during hospitalization, latency periods
between PROM and delivery, gestational age at delivery,
neonatal management and outcome.

Management
PPROM diagnosis was based on speculum examination,
rapid test detecting insulin-like growth factor binding protein (IGFBP-1) and ultrasound scan. Expectant management
included empirical antibiotic prophylaxis with intravenous
cefuroxime for ten days, non-stress tests, ultrasound examinations, and monitoring of serum inflammatory markers
levels. The antibiotic therapy was modified if needed according to the results of each patient’s individual cervical culture
result and antibiogram collected on admission as soon as
it was available. Every two weeks, we repeated the cervical swab and continued personalized antibiotic treatment,
if the result was positive. Latency period was identified as
the time between pPROM and birth.

Neonatal outcome
Low birth weight was defined as birth weight below
2500 g, very low birth weight — as birth weight under
1500 g, and extremely low birth weight — as birth weight
less than 1000 g. We considered the birth weight below 10th
percentile as hypotrophy. Early-onset sepsis (EOS) occurred
within 72 hours after birth, whereas late-onset sepsis (LOS)
developed after 72 hours after delivery. We diagnosed transient tachypnoea of the newborn and respiratory distress
syndrome based on clinical presentation and chest X-ray.
Respiratory failure was defined as persistent hypoxemia
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or hypercapnia despite surfactant therapy and ‘maximal’
conventional ventilation.

Statistical analysis
Statistical analysis was performed using Statistica
13 (StatSoft. Inc.): the T-Student test — for quantitative data
comparison between two groups and two-sided Fisher’s
exact test — for discrete variables.

RESULTS
Group characteristics
Mean maternal age was similar between the groups
(Tab. 1). There were no differences regarding primiparity.
The history of the previous caesarean section more often
occurred in singleton pregnancies (p = 0.04).
Differences in the incidence of the following features
were insignificant: gestational diabetes, pregestational
diabetes, hypertension, hypothyroidism, and intrahepatic
cholestasis of pregnancy (Tab. 1). There was no difference in
the incidence of cervical insufficiency, the need for cervical
cerclage or gestational age at PROM (32.8 vs 32.7 weeks)
and delivery (33.5 vs 33.2 weeks). The difference in the proportion of patients with latency up to 72 hours, latency
between 72 hours and seven days, and latency exceeding
seven days were insignificant (Tab. 2).
Differences in the occurrence of the pathogenic culture of
cervical specimen collected in all patients and amniotic fluid
obtained during caesarean sections were also non-significant
(Tab. 1). The percentage of patients who received intravenous
tocolysis and antenatal corticosteroids were similar; however,
patients in twin pregnancies more often received incomplete
steroids dose (p = 0.01) (Tab. 3). The occurrence of the positive
non-stress test result and signs of intrauterine infection were
similar between the groups (Tab. 3). More patients in the twin
group delivered by C-section (p < 0.001) but the emergency
caesarean section rate was comparable (Tab. 3).

Neonatal outcome
Children born from twin pregnancies had lower
mean birth weight (p < 0.001) and length (p = 0.049). There
was no difference regarding the ponderal index between
compared groups. No statistically significant differences in
the prevalence of neonatal complications except transient
tachypnoea of the newborn were identified (24% in the singleton vs 13% in the twin group, p = 0.03) (Tab. 4). In the singleton
group, there was an association between positive maternal
cervical culture and more frequent development of early-onset sepsis in newborns (p = 0.015). That was not valid for
the twin group. Distribution of early-onset sepsis in children
from singleton and twin pregnancies depending on the result
of maternal cervical culture is presented in Figures 1 and 2.
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Table 1. Group characteristics and pregnancy course
Feature

Singleton pregnancies (n = 299)

Mean maternal age [years]

Twin pregnancies (n = 49)

p

32.6

31.9

0.43

Primiparity (%)

132 (44)

26 (53)

0.28

History of caesarean section (%)

69 (23)

5 (10)

0.04

Cervical insufficiency (%)

47 (16)

12 (24)

0.15

Cervical cerclage (%)

10 (3)

0

0.36

Gestational diabetes mellitus (%)

71 (24)

8 (16)

0.27

Pregestational diabetes mellitus (%)

20 (7)

2 (4)

0.75

Hypertension (%)

24 (8)

3 (6)

1

Intrahepatic cholestasis of pregnancy (%)

9 (3)

4 (8)

0.09

Hypothyroidism (%)

58 (19)

14 (29)

0.18

Pathogenic cervical culture (%)

130 (43)

21 (43)

1

Pathogenic amniotic fluid culture* (%)

19 (14)

3 (8)

0.42

Intrauterine foetal demise (%)

2 (0.7)

0

1

*Amniotic fluid culture was performed only in patients undergoing caesarean section: n = 135 in singleton pregnancies and n = 40 in twin pregnancies

Table 2. Gestational age and latency period
Feature

Singleton pregnancies, n = 299

Twin pregnancies, n = 49

p

32.8

32.7

0.84

Gestational age at PROM [weeks]
Gestational age at delivery [weeks]

33.5

33.2

0.49

Latency period up to 72 h (%)*

202 (68%)

39 (80%)

0.10

Latency period between 72 h and 7 days (%)*

45 (15%)

6 (12%)

1

Latency period over 7 days (%)*

52 (17%)

4 (8%)

0.14

*Latency period between PROM and delivery; PROM — premature rupture of membranes

Table 3. Preterm premature rupture of membranes management
Feature

Singleton pregnancies, n = 299

Twin pregnancies, n = 49

p

Intravenous tocolysis (%)

105 (35)

22 (45)

0.2

Antenatal corticosteroids, any dose (%)

184 (62)

36 (73)

0.11

Antenatal corticosteroids, incomplete dose (%)

35 (12)

13 (27)

0.01

Antenatal corticosteroids, full dose (%)

149 (50)

23 (47)

0.76

Birth within 48 h — 14 days after antenatal
corticosteroids full dose administration (%)

61 (20)

5 (10)

0.12

Birth after 14 days since antenatal corticosteroids full
dose administration (%)

27 (9%)

3 (6%)

0.59

Positive non-stress test (%)

48 (16)

3 (6)

0.08

Signs of intrauterine infection (%)

24 (8)

2 (4)

0.56

Caesarean section (%)

135 (45)

40 (82)

< 0.001

Non-cephalic presentation, active phase of labor (%)

47 (16)

35 (71)

< 0.001

Emergency caesarean section (%)

41 (14)

5 (10)

0.25

The subgroup analysis concerning neonatal complications
rate and duration of the latency period, shown that newborns born from singleton pregnancies within 72 hours

after pPROM more frequently developed transient tachypnoea than newborns born from twin pregnancies (23.5 %
vs 11.5%, p = 0.02) (Fig. 3 and 4).
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Table 4. Comparison of neonatal outcome
Feature

Children born from singleton
pregnancies, n = 297

Children born from twin
pregnancies, n = 98

p

Mean birth weight [g]

2416

2027

< 0.001

Mean length [cm]

49.4

46.3

0.049

Median ponderal index [g/cm3]

19.5

19.7

0.88

Birth weight

106 (36)

69 (70)

< 0.001

Very low birth weight (%)

Low birth weight (%)

19 (6)

13 (13)

0.51

Extremely low birth weight (%)

13 (4)

3 (3)

0.77

Birth weight below 10th percentile (%)

8 (3)

6 (6)

0.12

Pulmonary hypoplasia (%)

2 (0.7)

2 (2)

0.29

Respiratory distress syndrome (%)

38 (13)

12 (12)

1

6 (2)

0

0.34

Transient tachypnoea of the newborn (%)

72 (24)

13 (13)

0.03

Broncho-pulmonary dysplasia (%)

20 (7)

7 (7)

0.81

Respiratory complications

Pneumothorax (%)

Pulmonary hypertension (%)

12 (4)

1 (1)

0.2

Respiratory failure (%)

77 (26)

25 (25)

1

Early-onset sepsis (%)

23 (8)

3 (3)

0.15

Late-onset sepsis (%)

14 (5)

6 (6)

0.6

Pneumonia (%)

13 (4)

6 (6)

0.42

Hyperbilirubinemia (%)

182 (61)

68 (68)

0.08

Anaemia (%)

49 (16)

24 (24)

0.07

Hypoglycaemia (%)

51 (17)

13 (13)

0.43

Intraventricular haemorrhage (%)

20 (7)

3 (3)

0.22

Necrotizing enterocolitis (%)

5 (2)

0

0.34

Infectious complications

Other complications

Retinopathy (%)

7 (2)

3 (3)

0.71

Circulatory failure (%)

20 (7)

2 (2)

0.12

Death (%)

6 (2)

3 (3)

0.7

NICU admission (%)

76 (26)

21 (21)

0.5

Mechanical ventilation (%)

46 (15)

8 (8)

0.09

nCPAP* (%)

100 (34)

33 (33)

1

22.34

20.88

0.55

Management

Mean hospitalization duration [days]
*Neonatal Continuous Positive Airway Pressure

DISCUSSION
Overall, we identified more similarities than differences
between analysed groups. One of the differences regarding
the neonatal outcome in singleton and twin pregnancies
complicated by pPROM was mean birth weight, mean length
and the occurrence of low birth weight. These findings, however, are not directly associated with the course of pPROM.
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It is known that neonates born from multiple gestations
have constitutionally lower birth weight than children from
singleton pregnancies [13–15]. The incidence of neonatal
birth weight below 10th percentile and difference in the
median ponderal index were insignificant. The pregnancy
course in singleton and twin pregnancies in this study was
characterized by similar mean gestational age at PROM
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any differences in the occurrence of the following neonatal
complications: pulmonary hypoplasia, respiratory distress
syndrome, pneumothorax, broncho-pulmonary dysplasia,
pulmonary hypertension, respiratory failure, use of mechanical ventilation, nor use of neonatal continuous positive
airway pressure (nCPAP). There was a higher prevalence
of transient tachypnoea of the newborn in the singleton
group. The reason for it could be a difference in indications
for the caesarean section between the groups. Because of
more frequent non-cephalic presentation in the twin group,
higher percentage of patients underwent caesarean section
during the early active phase of labour, which decreases the
risk of transient tachypnoea of the newborn [16].
In a retrospective cohort study by Bianco et al. comparing the outcome of 116 singletons and 116 twin pregnancies
complicated by pPROM and managed expectantly, a decreased median latency period in the second group was observed (19.5 hours vs 11.5 hours) [17]. Authors reported no
other differences in perinatal nor neonatal outcomes. Twin
gestation was also one of the factors influencing latency
period in cases of pPROM analysed in a retrospective study
(n = 303) by Dagklis et al. [18]. The mean interval between
pPROM and delivery was 5.5 and 3.3 days for singleton
and twin pregnancies, respectively. In another retrospective case-control study comparing the results of expectant management in pPROM, the median latency period in
twin pregnancies was significantly shorter than in singleton
gestations, lasting 19 vs 47 hours (p = 0.01) [19]. Ekin et al.
[20] obtained similar results in a cohort study from Turkey
analysing the outcome of 3257 pregnancies complicated

and delivery. Patients in the twin group more often received
incomplete antenatal corticosteroids dose. However, the
percentage of patients who delivered between 48 hours
and 14 days since the completion of antenatal corticosteroids dose was similar in both groups. We did not observe

159
(96%)

Negative cervical
culture, n = 166 (56%)

Newborns without EOS,
n = 274 (92%)

7
(4%)

115
(88%)

Positive cervical
culture, n = 131 (44%)

Newborns diagnosed
with EOS, n = 23 (8%)

16
(12%)

Figure 1. Association between maternal cervical culture results
and the occurrence of early-onset sepsis in newborns from singleton
pregnancies; p = 0.015; EOS — early-onset sepsis

Negative cervical
culture, n = 28 (57%)

26
(93%)

Women with newborns
without EOS,
n = 46 (94%)

2
(7%)

20
(95%)

Positive cervical
culture, n = 21 (43%)

Women whose newborns
were diagnosed
with EOS, n = 3 (6%)

1
(5%)

Figure 2. Association between maternal cervical culture results
and the occurrence of early-onset sepsis in newborns from twin
pregnancies; p = 1; EOS — early-onset sepsis
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Figure 3. Association between latency periods and the occurrence of neonatal complications in singleton pregnancies; BPD — bronchopulmonary
dysplasia; EOS — early-onset sepsis; LOS — late-onset sepsis; RDS — respiratory distress syndrome
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Figure 4. Association between latency periods and the occurrence of neonatal complications in twin pregnancies; BPD —bronchopulmonary
dysplasia; EOS — early-onset sepsis; LOS — late-onset sepsis; RDS — respiratory distress syndrome

by pPROM between 24 and 34 gestational weeks. All mentioned studies focused on the comparison of median latency
periods between pPROM and delivery. In our research, more
emphasis is put on the completion of antenatal corticosteroids dosage, rather than on the median latency period
alone. We analyzed the percentage of patients who delivered in less than 72 hours following pPROM after receiving
incomplete corticosteroids dose and patients who gave
birth between 48 hours and 14 days since the completion
of antenatal corticosteroids. No difference in the occurrence
of delivery within 72 hours from pPROM was identified (Tab. 2).
However, a higher proportion of patients who delivered
before receiving the complete corticosteroids dose was
observed in the twin group (Tab. 3).
In a study by Ehsanipoor et al. [21], the difference in latency period was not statistically significant (median 3.6 days
in twin and median 6.2 days in singleton pregnancies,
p = 0.86). The prevalence of infections among newborns
from twin pregnancies analysed in this study was lower
than in children from singleton pregnancies (9.8% vs 23.2%).
Our observations confirmed the higher prevalence of neonatal early-onset sepsis in association with positive maternal
cervical culture within the singleton group (Fig. 1), which
was insignificant in the twin group (Fig. 2).
Regarding the neonatal complications, our study did not
determine any crucial differences between singleton and
twin pregnancies. Other authors reported similar findings
[17, 19, 22]. In a study by Kibel et al. [23] comparing singleton
and twin pregnancies with pPROM, twin pregnancies were
complicated by rupture of membranes at more advanced
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gestational age (29.1 vs 28.5 weeks, p = 0.03), had shorter
latency period (5.0 vs 7.0 days, p = 0.01) and a lower rate of
chorioamnionitis. In our study, both the gestational age at
PROM and the prevalence of intrauterine infection symptoms, early-onset sepsis, late-onset sepsis, and neonatal
pneumonia were similar among singleton and twin pregnancies. According to Trentacoste et al. [24], in the case of
twin pregnancies, the infection can be the consequence
rather than the cause of pPROM. Antibiotics administration
in gestations complicated by pPROM is considered beneficial both as prevention of intrauterine infections and as
the reduction in prematurity due to pregnancy prolongation
[25–27]. However, data on antibiotics use in twin pregnancies complicated by pPROM is limited. In a randomized
multicentre trial ORACLE I, Kenyon et al. [25] did not observe any differences in the latency duration nor occurrence of neonatal positive blood culture between antibiotic
and placebo arms in multiple pregnancies subgroup.

CONCLUSIONS
To conclude, our observations indicate that expectant
management of pPROM in singleton and twin pregnancies
results in similar perinatal and neonatal outcome. Consequently, in case of no evident contraindications, expectant
management of twin pregnancies seems to be equally safe
as in singleton pregnancies.
Patients in twin pregnancies may be at higher risk of delivery before administration of full antenatal corticosteroids
dose, therefore require immediate management initiation
and transfer to a tertiary referral centre.
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ABSTRACT
Objectives: Hyperglycemia in pregnancy (HIP) is one of the most common complications of pregnancy. Recently adopted
new criteria for the diagnosis of HIP as well as the greater prevalence of risk factors could have a significant impact on
HIP prevalence. The objective of the study was to assess the rates of HIP and the associated complications.
Material and methods: This was a retrospective analysis of clinical records from pregnant women who delivered in
eight tertiary hospitals in Poland in 2016.
Results: The number of pregnant women with hyperglycemia totaled 1280 (7.25%), including gestational diabetes
mellitus (GDM) in 1169 (6.62%) women and pregestational diabetes mellitus (PGDM) in 111 (0.63%). In addition to dietary modifications, 477 (41% of the GDM group) women received medical treatment (GDMG2). In women with PGDM
multiple daily insulin injections (MDI) were used in 53 (47.7%) cases, continuous subcutaneous insulin infusions (CSII) in
57 (51.3%) cases and one woman was treated with metformin. The rate of cesarean sections was 69.4% and 62.9% for PGDM
and GDM, respectively. Large-for-gestational-age (LGA) infants accounted for 38% and 21% of births in the PGDM and GDM
groups, respectively. Of note are high rates of hyperbilirubinemia in infants born to mothers treated with insulin (13.5%
for PGDM and 14.4% for GDMG2) vs infants born to mothers with diet (GDMG1) (3.4%).
Conclusions: In Poland, the prevalence of HIP has nearly doubled in the past twenty years. Even with appropriate management, HIP is a significant risk factor for a cesarean section delivery, bearing an LGA infant and adverse neonatal outcomes.
Key words: hyperglycemia in pregnancy; HIP; gestational diabetes mellitus; GDM; pregnancy; cesarean section; large
for gestational age; LGA
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INTRODUCTION
Hyperglycemia is currently one of the most common
complications of pregnancy, with the prevalence ranging from 2% to 25%, depending on the population. These
differences in estimates may be accounted for by, among
other things, different screening modalities and criteria for
the diagnosis of hyperglycemia in pregnancy (HIP). The results of the Hyperglycemia and Adverse Pregnancy Outcome
(HAPO) study performed in a cohort of over 23 000 pregnant women demonstrated that even a subtle oral glucose
tolerance test (OGTT) abnormality may be associated with
adverse perinatal outcomes [1]. Epidemiologic studies also
indicate a higher risk of the polymetabolic syndrome developing in later in life in the offspring of mothers with
diabetes in pregnancy [2]. The new criteria for the diagnosis
of HIP proposed in 2010 by the International Association of
Diabetes and Pregnancy Study Group (IADPSG) consensus
panel and based on the HAPO study results were widely
debated as these new recommendations with lower OGTT
thresholds to define HIP resulted in a considerable increase
in the rate of HIP (17.8% of the HAPO study population)
and the cost of HIP-related antenatal care [3]. In 2013,
the World Health Organization changed the criteria for the
diagnosis of HIP and adopted the IADPSG recommendations
[4]. In recent years, with the support of the International
Federation of Gynecology and Obstetrics (FIGO), a number
of international and national associations of gynecologists
and obstetricians have recommended universal screening
for hyperglycemia in pregnancy according to the IADPSG
and WHO criteria, in view of the recognized impact of HIP on
fetal development and on long-term health outcomes in the
mothers and offspring [5]. In 2014, the Polish Gynecological
Society (PTG) adopted these new WHO recommendations
regarding screening for HIP [6].
In the early 2000s, when 2-step screening for gestational
diabetes mellitus (GDM) was applied comprising a glucose
challenge test (GCT) and an oral glucose tolerance test
(OGTT), the prevalence of GDM was 3.5% as shown by
an epidemiologic survey conducted in two regions of Poland [7]. Since the introduction of a 1-step screening using
OGTT and the IADPSG and WHO criteria for the diagnosis of
GDM there have been no new data on the rates of GDM in
Poland. Apart from the new criteria, other factors may be responsible for increased GDM rates such as maternal obesity
and age ≥ 35 years. The aim of the present study was to assess
the prevalence of HIP and of the associated complications.

MATERIAL AND METHODS
Initially, a retrospective analysis of clinical records
of women with HIP who delivered in 2016 was planned
in 10 hospitals in nine provincial capital cities in Poland.
Ultimately, data were obtained from eight hospitals in eight

provinces with a total of 17 654 deliveries, i.e., 4.65% of all
deliveries in Poland in 2016. The study population included women with pregestational diabetes mellitus (PGDM)
and gestational diabetes mellitus (GDM). The diagnosis of
GDM was based on the 75 g OGTT with the following criteria
for gestational diabetes: fasting 92 mg% (5,1 mmol/L), 1-hour
180 mg% (10 mmol/L) and 2-hour 153 mg% (8.5 mmol/L).
The following were considered in the analysis: subject
demographics, obstetric history, including complications
and details of previous deliveries vs diabetes type and management.

Statistical analysis
Statistical significance was determined for the differences in the parameters describing the study groups of
pregnant women. Included in the analysis were the differences between the PGDM and GDM groups and within
the GDM group between the diet treated (GDMG1) and
drug therapy (GDMG2) subgroups. The nonparametric Wilcoxon Rank Sum test was used to determine if the differences in quantitative traits [height, BMI (Body Mass Index)]
between groups were statistically significant. The p-value
was reported (the probability of a difference as large or
larger assuming the two groups have the same distribution
with the same means for a given trait). A logistic regression
model was used for each qualitative trait [BMI > 25, diabetes
mellitus in first-degree relative(s)] to determine if the differences in qualitative traits between groups were statistically
significant; the trait was a dependent variable and the study
group to which a pregnant women belonged was an independent variable. The differences between the PGDM
and GDM groups and within the GDM group between the
GDMG1 and GDMG2 subgroups were determined as for the
quantitative traits. A Z-test was performed for the parameter
which determined the difference between groups and the
p-value was reported.
To assess the risk for high birth weight a logistic regression model was developed. High birth weight was assumed when it was above the 90th percentile for infants
born in a given week. The absolute value of the correlation
coefficients between independent variables did not exceed 0.5. The Variance Inflation Factor (VIF) was not greater
than 2.5. The correlations between the variables had no significant effect on the results. Z-test was performed to assess
significance of factors. These factors for which p-values were
lower than 0.05 were considered as significant. The following independent variables were used in the analysis: BMI,
maternal age, multiparity, insulin-treated gestational diabetes mellitus, prior macrosomic birth (> 4000 g), diabetes
mellitus in previous pregnancy, gestational hypertension,
gestational week at delivery, diabetes mellitus diagnosed
before 20 weeks of gestation.
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Table 1. Characteristics of the study group
Diabetes type
Parameter

PGDM
(n = 111)

GDM
(n = 1169)

Maternal age, years (mean ± SD)

31.69 ± 5.30*

33.01 ± 5.03*

32.86 ± 5.10

33.29 ± 4.96

BMI (mean ± SD)
25–30
> 30

26.78 ± 5.80
42 (38%)
22 (20%)

26.26 ± 5.64
409 (35%)
198 (17%)

25.18 ± 5.23***
195 (29%)***
81 (12%)***

27.56 ± 5.74***
200 (42%)***
110 (23%)***

Multiparity

GDMG1
(n = 673)

GDMG2
(n = 477)

50 (45%)

607 (52%)

343 (51%)

258 (54%)

GDM in a previous pregnancy

—

117 (10%)

67 (10%)

50 (10.5%)

A history of high birth weight
delivery (> 4000 g)

10 (9%)

58 (5%)

34 (5%)

24 (5%)

35 (32%)**

235 (20%)**

121 (18%)*

110 (23%)*

Diabetes mellitus in first-degree
relative(s)
Infertility treatment

5 (4.5%)

105 (9%)

67 (10%)

33 (7%)

Gestational hypertension

25 (22.5%)*

165 (14.1%)*

83 (12.3%)*

81 (16.9%)*

Intrahepatic cholestasis of
pregnancy

4 (3.6%)

49 (4.2%)

27 (4.1%)

22 (4.6%)

Polyhydramnios

7 (6.3%)

37 (3.2%)

24 (3.6%)

13 (2.7%)

37.6 ± 1.9**

38 ± 2.1**

38.1 ± 2.1*

37.9 ± 2*

4 (3.6%)
25 (22.5%)
1 (0.9%)

44 (3.8%)
184 (15.7%)
62 (5.3%)

30 (4.5%)
106 (15.8%)
38 (5.7%)

14 (3%)
78 (16.5%)
22 (4.7%)

Gestational week at delivery
(mean ± SD)
< 34
< 37
> 40
Induction of labor

20 (18%)

208 (17.8%)

126 (18.7%)

74 (15.6%)

Vaginal delivery
Forceps
Vacuum extraction

34 (30.6%)
1 (0.9%)
0

433 (37%)
5 (0.4%)
7 (0.6%)

275 (40.9%)*
3 (0.4%)
6 (0.9%)

150 (31.5%)*
2 (0.4%)
1 (0.2%)

Cesarean section
Elective
Emergency

77 (69.4%)
60 (54%)
17 (15.3%)

736 (62.9%)
574 (49.1%)
162 (13.8%)

398(59.1%)**
310 (46%)**
88 (13.1%)

327 (68.5%)**
257 (53.9%)**
70 (14.6%)

Shoulder dystocia

1 (0.9%)

3 (0.25%)

0

3 (0.6%)

0

16 (1.4%)

9 (1.3%)

5 (1%)

Obstetric hemorrhage

Statistically significant differences for PGDM vs GDM and GDMG1 vs GDMG2: *p < 0.05; **p < 0.01; ***p < 0.001

RESULTS
In 2016, 1280 women with diabetes in pregnancy delivered in the study centers, which accounted for 7.25% of
the survey population. There were 61 twin births and one
triplet birth. In 1169 (91.3%) women hyperglycemia was
diagnosed in pregnancy and 111 (8.7%) had PGDM. In the
prepregnancy period, most PGDM women were treated
with insulin (87%), 7% took metformin and 6% were managed with modified diet alone. During pregnancy, all PGDM
women, but one who continued metformin, received insulin therapy (multiple daily insulin injections [MDI] — insulin pens in 53 women [47.7%], continuous subcutaneous
insulin infusions [CSII] — short-acting insulin analogue in
57 women [51.3%]).
GDM was diagnosed in 6.62% of the survey population based on abnormal results of a 75 g OGTT, mostly
between 24 and 28 gestational weeks. In 16% of the GDM
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group, hyperglycemia was detected during the first half
of pregnancy. In 98% of cases appropriate management
was instituted at the time of diagnosis while 19 women
with the abnormal OGTT results remained without therapy.
In 477 (41%) women drug therapy was used in addition
to dietary modifications (GDMG2 group). Three women
were treated with metformin and in the remaining cases insulin was prescribed, usually as MDI (insulin pens)
and in 12 (2.5%) women as CSII (insulin pump). A higher rate
of insulin therapy (44%) was reported in women with GDM
diagnosed earlier than 20 gestational weeks.
Table 1 presents the characteristics of women stratified by the type of diabetes. Women with GDM were significantly older than PGDM women. The mean BMI value
was higher in women with gestational diabetes receiving
insulin therapy (GDMG2) than in women requiring dietary
modification alone (GDMG1). The BMI > 25 considered
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a risk factor for hypertension in pregnancy was significantly
more frequent in both PGDM (22%) and GDMG2 (17%)
vs GDMG1 (12%).
The gestational age at delivery in both PGDM
and GDMG2 women was lower than that in the GDMG1 women, at less than 37 weeks in 16%, including nearly every
fourth delivery (23%) at less than 34 weeks. A high rate of
premature deliveries was noted in women with PGDM (23%),
and it was significantly higher than that for all women who
delivered in the hospitals included in the analysis (14%).
Induction of labor was used in 18% of women with diabetes and elective cesarean section was performed in every
second woman. The rate of elective cesarean sections was
statistically significantly higher in women with GDMG2 and
PGDM (54%) than in women with GDMG1 (46%) (p = 0.009).
Over a third of cesarean sections (35%) were performed in
women with a prior cesarean birth and 96% received a repeat cesarean section while only nine had vaginal delivery
after cesarean (VBAC). The total rate of cesarean sections in
all women with diabetes was 63.5% vs 55% in non-diabetic
women who delivered in the same hospitals.
Only a third of all women with diabetes had a vaginal delivery. There were 13 operative vaginal deliveries, including
six forceps deliveries (0.4%) and seven vacuum extractions
(0.5%). Shoulder dystocia occurred in four cases, three in
women with GDMG2 and one in a woman with PGDM and
accounted for 0.8% of vaginal deliveries. Obstetric hemorrhage occurred in 16 (1.2%) women.
Table 2 presents adverse infant outcomes which were
seen in 21% of neonates. Although the gestational age at
delivery was statistically significantly lower in PGDM and
GDMG2, the mean birth weight was higher vs infants born
to mothers with GDMG1. The highest proportion (above

the 90th percentile) of large-for-gestational-age (LGA) infants were born to mothers with PGDM (39%). Also, every
fourth infant (26%) in the GDMG2 group had a birth weight
above the 90th percentile, a higher rate compared to the
GDMG1 group where LGA infants accounted for 18% of
all births. Of all infants, 109 (8.5%) had birth weight above
4000 g, including 15 with a birth weight above 4500 g (1.2%).
Small-for-gestational-age (SGA) infants with a birth weight
below the 10th percentile accounted for only 6.4% of all
births.
Logistic regression analysis found that in GDM women
a history of high birth weight delivery and a higher prepregnancy BMI value were two risk factors for giving birth to
an LGA infant, but such associations were not established
for PGDM.
Congenital anomalies were diagnosed in 50 (3.9%) neonates, including heart defects in 50%. Genetic conditions
were diagnosed in seven infants, including six cases of trisomy 21. Hypoglycemia was found in every tenth infant born
to a mother with PGDM, nearly three times as often as in
infants of GDM mothers (3.4%). The rates of hyperbilirubinemia were similar in infants born to insulin-treated mothers
with PGDM and GDMG2, 13.5% and 14.4%, respectively, but
higher than in the GDMG1 group (8.2%). Respiratory disorders occurred in 13% of the infants and 85 infants (6.6%)
were admitted to a neonatal intensive care unit (NICU).
Neonatal infection was diagnosed in 71 (5.5%) of cases.
Logistic regression analysis found that in GDM the need
for insulin therapy and early gestational age at delivery were
two risk factors for adverse neonatal outcomes (hypoglycemia, hyperbilirubinemia, infection, respiratory disorders)
while in PGDM these were early gestational age at delivery
and the use of CSII.

Table 2. Birth weight and adverse infant outcomes
Diabetes type
Parameter

PGDM
(n = 111)

GDM
(n = 1169)

GDMG1
(n = 673)

GDMG2
(n = 477)

3335.7* ± 699.9
22 (19.8%)***
2 (1.8%)
43 (38.7%)***
8 (7.2%)

3159.6* ± 671.3
87 (7.4%)***
13 (1.1%)
252 (21.6%)***
74 (6.3%)

3114.9** ± 678.9
50 (7.4%)
9 (1.3%)
121 (18%)%***
45 (6.7%)

3195.7** ± 657.4
33 (6.9%)
4 (1%)
127 (26.6%)***
29 (6.1%)

Hypoglycemia

11 (9.9%)**

40 (3.4%)**

19 (2.8%)

21 (4.4%)

Hyperbilirubinemia

15 (13.5%)

124 (10.6%)

55 (8.2%)***

69 (14.4%)***

6 (5.4%)

65 (5.6%)

30 (4.4%)*

35 (7.3%)*

Birth weight, g (mean ± SD)
> 4000 g
> 4500 g
LGA
SGA

Infection

16 (14.4%)

146 (12.5%)

88 (13.1%)

58 (12.1%)

NICU admission

Respiratory disorders

10 (9%)

75 (6.4%)

43 (6.4%)

32 (6.7%)

Congenital anomalies

5 (4.5)%

45 (3.8%)

25 (3.7%)

20 (4.2%)

Statistically significant differences for PGDM vs GDM and GDMG1 vs GDMG2: *p < 0.05; **p < 0.01; ***p < 0.001
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DISCUSSION
This is the first report on the prevalence of hyperglycemia in pregnancy in Poland estimated after adoption in
2014 of a 1-step screening approach and the new IADPSG
criteria for the diagnosis of gestational diabetes. We found
an increase by 46% in the rate of GDM, now at 6.5% vs 3.5%
when a 2-step screening for hyperglycemia in pregnancy
was used [7]. The 2-step approach was based on a 1-hour
50 g glucose challenge test (GCT) and a 75 g OGTT according to the 1997 WHO criteria (fasting glycemia and values
at 2 hours) performed in pregnant women with the GCT
result above 139 mg%.
A similar trend, though higher GDM rates, was found in
studies comparing 1-step and 2-step approaches conducted
in other countries. A retrospective cohort study from Switzerland reported a considerable increase in the prevalence
of GDM with the adoption of the IADPSG criteria, from 3.3%
observed with a 2-step approach to 11.8% with a 1-step
screening [8]. In the hospitals in Tuscany, Italy an increase in
the prevalence of GDM to 10.9% was reported when a 1-step
approach with new cut-off values was applied, i.e., the prevalence 25% greater than that determined 10 years earlier
with a 2-step approach [9]. A study in a cohort of women
who delivered during a 12-month period in hospitals in one
district in New Zealand showed that adoption of the IADPSG
criteria would increase the rate of GDM from 6% to 10% [10].
A retrospective study of pregnant women who delivered in
a tertiary medical center in Canada attributed the increase
in the GDM rate to the use of a single abnormal value to define GDM (the Canadian Diabetes Association, CDA, requires
the presence of at least two abnormal values) (5.3% increase) rather than the use of lower threshold values (1.8%
increase) [11]. A prospective study conducted by Duran
et al. [12] in the university hospital in Madrid demonstrated
that the change in the criteria for GDM resulted in a 3-fold
increase in the population which required treatment for
GDM as well as the improvement in pregnancy outcomes
with a decrease in the rates of macrosomia and cesarean section. Similar findings were reported for a cohort of pregnant
women in Taiwan [13].
Of note for the cohort assessed in this study is a large
proportion of women treated with insulin (41%) which
in earlier Polish studies in GDM ranged from 23% to 37%
[14–16]. This may have been the result of promoting stringent glycemic control, especially in cases of fasting glycemia < 90 mg%. However, even with frequent institution of
insulin therapy, the proportion of large-for-gestational-age
infants remained high at 20% and was twice as high as
when GDM was diagnosed under previous criteria [14–16].
Also, other studies find a higher proportion of macrosomia
and insulin treatment in women with GDM diagnosed under
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the IADPSG criteria [11, 17]. In the present study, a higher
maternal BMI was identified by logistic regression analysis
as a significant risk factor for LGA. Nearly half of women
with GDM had excess body weight, 35% were overweight
and 17% obese. Which is more harmful for fetal growth,
maternal obesity or maternal hyperglycemia, has been for
years a matter of debate among clinicians.
The study also shows the impact of new treatment options for PGDM. In nearly half of the women CSII was used.
Of note is a low rate of congenital defects, likely to result
from a growing use of intensive insulin therapy in women of
reproductive age. Meta-analyses demonstrate in the first trimester a better control of type 1 diabetes in women treated
with CSII vs MDI [18]. However, the percentage of LGA infants
born to women with type 1 pregestational diabetes remains
high at nearly 40% and is similar to the findings in other
recent epidemiologic studies [19–21].
As shown by studies conducted in other countries, e.g.,
Canada, France or Sweden, cesarean section is performed
more frequently in women with diabetes compared to
the general population [11, 22, 23]. In the present cohort
it was performed in nearly 70% of women with GDMG2
and 60% of women with GDMG1, 20–30% increase compared to previously assessed Polish GDM cohorts [15, 16]
and reports from other countries. However, in Poland the
rate of cesarean sections has been growing rapidly in recent
years also in the general population [24]. On the other hand,
the proportion of operative vaginal deliveries was very small
at less than 1%, a ten-fold lower rate than those reported
from cohort studies in other countries [11].
In the study group, adverse neonatal outcomes (hypoglycemia, hyperbilirubinemia, infection, respiratory disorders) were mostly associated with an earlier gestational age
at delivery. A considerably greater proportion of adverse
outcomes was observed in infants born to insulin-treated
mothers, both with PGDM and with GDMG2, which is in
agreement with reports from other countries [11, 14, 20]. Interestingly, an association was observed between the use of
CSII and a higher rate of adverse neonatal outcomes, but the
analyzed groups were relatively small. This is different from
the findings from a tertiary center in Poland which demonstrated a lower incidence of neonatal complications in
122 infants born to mothers with type 1 diabetes treated with
CSII compared to 175 infants born to mothers treated
with MDI [25]. However, recent meta-analyses show a higher
rate of LGA infants with CSII and no significant differences
regarding the rate of neonatal complications [18, 26].

Limitations of the study
The study used clinical records from tertiary medical
centers delivering high-quality perinatal care and there-
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fore the reported rates of hyperglycemia in pregnancy may
not fully reflect the actual prevalence of HIP in the general
population. However, the available epidemiologic surveys
used as a point of reference were conducted nearly two
decades earlier and in two provinces of Poland only. This is
a retrospective study based on the clinical records related
to deliveries and does not include data related to pregnancies that ended in miscarriage or were terminated because
of severe fetal anomalies. The rate of congenital anomalies
in infants born to mothers with diabetes may therefore be
underestimated. The data were obtained from hospitals in
eight provinces of Poland and in spite of the above limitations are an important source of information, especially as
in Poland there is no national registry of pregnancy complications.

7.

8.

9.

10.

11.

12.

CONCLUSIONS
In Poland, the prevalence of hyperglycemia in pregnancy has nearly doubled in the past twenty years. Even with
appropriate management, hyperglycemia in pregnancy is
a significant risk factor for a cesarean section delivery, bearing an LGA infant and adverse neonatal outcomes.
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The effect of the absence of an accompanying person
at birth on the basic perinatal outcomes
— a randomized study during the lockdown
in the COVID epidemic
David Pavlista
First Faculty of Medicine, Charles University in Prague and General University Hospital in Prague, Czech Republic

ABSTRACT
Objectives: To investigate the impact of an accompanying person on the basic parameters of perinatal outcome [e.g.
length of stages of labour, proportion of Caesarean sections (CS), vaginal surgical delivery, perineal injury, Abgar score,
epidural analgesia] were analysed.
Material and methods: A retrospective single-institution study analysed data from 872 deliveries during three periods: March, 2020 ( COVID-19 government restriction on accompanying person), February, 2020 (control 1) and March,
2019 (control 2).
Results: In all, 872 deliveries were evaluated. There was no delivery with accompanying person in group 1 and 181
and 254 in groups 2 and 3. Groups were balanced in caesarean section rate. There were more acute CS in the group 1
than in the group 3 (36% vs 25%, p = 0.028), however there were no diferrence when compared with the group 2 (36%
vs 33%, p = 0.602). No difference was found in the length of the labour between the groups. There was no difference in
Apgar score in 5th or 10th minute either and also in the incidence of perineal tear IIIrd grade.
Conclusions: The absence of accompanying person or father at the delivery does not affect the the basic parameters of
perinatal outcome. This finding provides more freedom in the mother‘s decision about the presence of an accompanying
person at the birth. And also may be an argument for reducing the remorse (bad feelings) of fathers who cannot or do
not want to be present at birth.
Key words: accompanying person; father; delivery; perinatal outcome
Ginekologia Polska 2022; 93, 12: 1013–1017

INTRODUCTION
During the pandemic, prenatal training courses most
often asked what would happen if the father could not be
present at the birth for epidemiological reasons. Our staff
was able to answer the psychological and supportive part
of the issue but could not comment on the perinatological
outcome. Most mothers were interested in the length of
childbirth, peripartum analgesia and the risk of giving birth
by caesarean section. Due to cultural and social differences
and the lack of recent data, we analyzed our peripartum
outcome.

The presence of an accompanying person at birth,
especially the father, does not have as long a history in the
Czech Republic as in Western countries. It was made possible only after the fall of the socialist establishment in 1989,
and gradually its popularity grew. Under socialism, childbirth was a purely medical matter taking place in the isolation of the maternity hospital. The man‘s presence at the birth
was forbidden due to fears of introducing the infection into
the delivery room. The man had the role of only a passive
recipient of the news of the birth of a child. Not only mothers
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but also newborns were isolated in separate wards and contact with the mother was allowed only during breastfeeding.
The liberalization of the political system was followed
by the liberalization in health care, and hospitals, including
maternity hospitals, were also opened to family members.
The period of initial waiting was followed by a period of practically socially obligatory presence of the father at the birth.
Since 2000, the approach has been rational. Most women are
accompanied during the birth by a partner, some by a close
person (mothers, sisters, friends) and recently some women hire a professional doula (an expert on active support
and help during childbirth).
The perinatology center of the clinic is one of the largest
in the Czech Republic, it is part of the university clinic, where
undergraduate and postgraduate teaching takes place not
only for doctors, but also for midwives. In 2019, 4602 births
took place there. Births are led by midwives, students
and doctors. The presence of the of an accompanying person
at the birth is very desirable and, in our mothers, has long
been around 70-80% on long-term average. The proportion
of fathers in childbirth in our maternity hospital is 99 percent of all accompanying persons, so we related the results
mainly to them. All accompanying persons who want to be
in childbirth take a short prenatal course with their pregnant
partners, where they are introduced within three hours how
to be a physical and psychosocial support during childbirth.
At the beginning of the coronavirus epidemic in March
2020, the Ministry of Health banned the presence of the
accompanying person at childbirth in the first wave of restrictive measures [1]. This ban has caused an unexpectedly large wave of criticism and started a huge discussion
not only on social networks but also in the public media.
Exchanges of views between opponents and supporters of
this prohibition lasted exactly 30 days and ended with the
official repeal of this regulation. These restrictions enabled
to retrospectively assess a cohort of patients, who were not
allowed to have a close person at the delivery.
There are many publications in the literature that examine the presence of the father at birth from various psycho-social aspects [2–8]. Only a minimal number of works
examines the effect of the presence of the accompanying
person or father at birth on measurable perinatological
parameters. Therefore, a restriction of the presence of accompanying person at birth was a unique opportunity to see
how this absence at birth would affect perinatal outcomes.
The connection between the presence of an accompanying
person (father) during childbirth and these parameters was
assessed: length of stages of labour, proportion of Caesarean sections and vaginal surgical delivery, perineal injury,
Abgar score and use of epidural analgesia.
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MATERIAL AND METHODS
We conducted a retrospective single-institution study
that analysed data from deliveries performed in our institution in the following time periods: March 18–April 16,
2020 (Group 1 — COVID-19 government restriction on accompanying person), February 17–March 17, 2020 (Group
2 — control) and March 18–April 16, 2019 (Group 3 — control). All three time periods were 30 days long. The data were
obtained from the electronic hospital information system
Medea and from the book of birth records.
Analysed were all consecutive deliveries at 37 weeks of
gestation or later. Caesarean sections were excluded from
the assessment of the stages of labour length.
Data were retrospectively retrieved from the patients’
files. First stage of labour was defined as a time from the onset of regular contractions until cervix full dilatation. Second
stage as a time from fully dilated cervix to the delivery. Time
from rupture of membranes (either natural or artificial) until
the delivery was also recorded.
Perineal tear IIIrd grade was defined as injury involving perineal tissues including anal sphincter. Acute Caesarean sections were those which were preceded by
the trial of labour.
Standard measures of summary statistics were used to
describe the primary data: relative and absolute frequencies
and arithmetic mean supplied with the standard deviation
of mean. All values in the Group 1 were compared independently with both control groups (Tab. 1).
Chi square test was used to compare the groups in the
parametric categories and the Kruskal-Wallis test to compare
the groups in the categories where the continual variables
were provided. A value of p = 0.05 was used as the limit of
statistical significance in all the analyses performed.
All 95% confidence intervals (CI) for proportions were
estimated using the exact binomial distribution.
The study protocol was approved by the local ethics committee of the General University Hospital under
No: 1578/20 S-IV and is in accordance with the tenets of
the Helsinki.

RESULTS
In all, 872 deliveries were retrospectively evaluated in
this study — 238, 279 and 355 in groups 1, 2 and 3 respectively. There was no delivery with accompanying person in
Group 1 and 181 and 254 in Groups 2 and 3 (p = 0.000). There
was no significant difference in the length of gravidity
(p = 0.983 and p = 0.759) or number of previous births
(p = 0.272 and p = 0.706) between the groups. Groups were
balanced in caesarean section rate (p = 0.405 and p = 0.118).
The number of instrumental deliveries (vacuum extraction
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Table 1. Group characteristics and statistical results

Whole cohort

Group 1

Period

18.3.–16.4.2020

Group 2
17.2.–17.3.2020

Group3

Group 1 vs
Group 2

Group 1 vs
Group 3

p**

p**

18.3.–16.4.2019

Length [days]

90

30

30

30

n

872

238

279

355

Deliveries with
accompanying person

435 (50%)

0

181 (64%)

254 (72%)

< 0.001

< 0.001

Length of gravidity

39.6 ± 1.1

39.6 ± 1.1

39.6 ± 1.1

39.5 ± 1.1

0.983

0.759

Number of previous births

0.6 ± 0.7

0.6 ± 0.7

0.6 ± 0.8

0.5 ± 0.7

0.272

0.706

Caesarean sections

319 (37 %)

74 (31 %)

101 (36 %)

144 (41 %)

0.405

0.118

Acute caesarean sections

96 (30 %)

27 (36 %)

33 (33 %)

36 (25 %)

0.602

0.028

12 (1 %)

6 (3 %)

4 (1 %)

2 (1 %)

0.046

0.046

Female sex

425 (49 %)

103 (43 %)

133 (48 %)

189 (53 %)

0.470

0.170

Induction of labor

119 (14 %)

40 (17 %)

35 (13 %)

44 (12 %)

0.267

0.149

Neuroaxial analgesia

VEX + Forceps

489 (56 %)

138 (58 %)

143 (51 %)

208 (59 %)

0.327

0.896

Perineal tear IIIrd grade

5 (1%)

3 (1%)

2 (1%)

0 (0%)

0.478

—

1st stage of labor* [min]

293.9 ± 176.9

304.4 ± 194.3

275.4 ± 165.5

301.5 ± 171.4

0.244

0.704

2nd stage of labor* [min]

23.0 ± 20.3

22.8 ± 18.0

22.7 ± 20.7

23.5 ± 21.7

0.432

0.554

Length of ruptured
membranes* [min]

348.8 ± 539.9

327.8 ± 545.8

327.6 ± 482.3

382.8 ± 580.4

0.917

0.272

Newborn weight [g]

3400.8 ± 408.3

3399.2 ± 397.6

3347.6 ± 415.8

3446.9 ± 406.4

0.291

0.942

Apgar score 5th minute

9.8 ± 0.5

9.8 ± 0.6

9.8 ± 0.5

9.8 ± 0.5

0.989

0.997

Apgar score 10th minute

9.9 ± 0.3

9.9 ± 0.4

9.9 ± 0.2

9.9 ± 0.3

1.000

1.000

*excluding caesarean sections; **X2 and Kruskal-Wallis test

or forceps) was small; however, we noticed a trend towards
higher rate of these deliveries in the Group 1 (3% vs 1%,
p = 0.046). There were more acute Caesarean sections in
Group 1 than in Group 3 (36% vs 25%, p = 0.028), however
we observed no such trend when compared with Group
2 (36% vs 33%, p = 0.602). We found no difference in the
length of the first stage of labour, second stage of labour
or a time from the rupture of membranes to the delivery
between the groups (Tab. 1). There was also no difference in
Apgar score in 5th or 10th minute either (p = 0.989, p = 0.997,
p = 1.000 and p = 1.000). The incidence of perineal tear IIIrd grade did not differ between the groups (p = 0.478, chi
square for Group 3 could not be calculated since no patient
had such perineal injury). The use of epidural analgesia also
did not differ between groups (p = 0.327, p = 0.896).

DISCUSSION
In this retrospective single-institution cohort study we
found that the absence of accompanying person at the
delivery has no effect on the variables associated with the
labor. The current trial was designed to have two control

groups of patients to perform an internal validation. Despite
the significantly higher proportion of acute Caesarean section in Group 1 when compared with Group 3 (p = 0.028), this
result was not validated by the same evaluation with Group 2
(p = 0.602). The trend in the number of instrumental deliveries (p = 0.046) was influenced by the small numbers of
vacuum extraction a forceps deliveries (n = 12.1%).
Because in our maternity hospital in 99% of cases
the accompanying person at the birth is the father, we will
focus on the role of his presence / absence at the birth from
various aspects.
In the last century, the role of the father has changed
dramatically during pregnancy and childbirth. Until
the 1940s, childbirth and presence were only a woman‘s
business. Changing cultural and professional attitudes
around the emotional bond between a man and a woman,
the structure of the family, the definition of the male role
and the more active involvement of men in the family have
encouraged the more frequent presence of fathers in childbirth. This shift, as it took place in Britain, was very clearly
described by King in an article accurately entitled “Hiding
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in the pub to cutting cord?” [12]. Its course was identical for
almost the entire Western culture.
Many studies have described that the emergence of
a close father-child relationship occurs during childbirth
and therefore, in the eyes of the public, “good” fathers are
present at childbirth [13]. Fathers who choose not to be
present are often condemned by their surroundings [14].
The role of fathers is also perceived as supporting the
mother during childbirth, but the results of studies do
not clearly show that it is always the right decision for all
involved [6]. Cultural, religious, ethnic and geographical
differences in the origin of published works probably play
a major role here [2].
There are many psychosocial and behavioral theories
on the topic of the father‘s presence at birth, but few have
been verified by studies [2]. All studies are questionnaires
and usually do not have a control group. Randomizing
the presence of the father at birth in studies is unrealistic in
Western cultural countries. The issue of the father‘s presence
at childbirth can be divided into two categories. The first
deals with various psychosocial aspects, the second with
the direct effect of its presence on peripartum outcomes.
Much has been done about the psychosocial effects of
the father‘s presence at birth. The effect of diverse family
constellations, attitudes, socio-economic statuses, mutual
relations of father with future mother, with born child, information of fathers, etc. is examined [5, 7, 15]. Their basic
goal is to find out what seals and harmonizes the family
as much as possible. A very clear analysis was performed
by Xue [2], which divided these studies into two main categories: 1) fathers ‚own involvement during pregnancy
and childbirth, and 2) factors influencing fathers‘ involvement during pregnancy and childbirth. Although it analyzes
the results of 143 studies very honestly, the results are unclear and in some cases contradictory. Some works even describe that for some fathers, their presence at birth can have
a devastating effect on the family.
The well-known French obstetrician Michel Odent wrote
negatively about the presence of a partner at childbirth, who
even pointed out that the presence of fathers at childbirth
is related to the higher frequency of caesarean sections. He
justified this by claiming that a male partner in childbirth
can cause female anxiety, which by its effect on oxytocin
production weakens uterine contractions and hinders
the progression of labor [16]. The impact of the presence
of fathers in childbirth may be much more complicated
than previously thought. Also interesting is Odent’s description of couples after home births, after which a woman happily and actively cares for a newborn while a man rests in
bed because he is not feeling well. The author is convinced
that postpartum depression is more common in men than in

1016

women [10]. Most studies show that fathers‘ support in birth
helped mothers to have more positive experiences in all
aspects of childbirth [14].
Not many papers have been published on the influence of the father‘s presence at birth on objective perinatal
outcomes [3, 9–11]. Probably due to ethically problematic randomization, no recently published work was found
(in Pubmed) on the influence of the presence of a third
person at birth on measurable perinatal parameters, and
therefore there are not many studies to compare our results. In a study of 100 births, Herman states that a partner-accompanied birth is associated with a lower incidence
of intrauterine fetal distress and caesarean sections [17]. Our
results did not confirm these conclusions.
In large Cochrane Database of Systematic Reviews
Bohren et al found, in the parameters evaluated by us, only
low-quality evidence of the benefit of the presence of an accompanying person at birth. They found in the primary
comparison, women who were allocated to continuous
one-to-one support were more likely to have a spontaneous vaginal birth (low-quality evidence) and less likely to
have any intrapartum analgesia. In addition, these women
had shorter labours (low-quality evidence), were less likely
to have a caesarean birth (low-quality evidence) or instrumental vaginal birth, regional analgesia, or a baby with
a low five-minute Apgar score [18]. This is probably due to
the high heterogeneity of the evaluated papers and the
non-systematic inclusion of probands in individual groups
that were not randomized. Our study is unique in that
the births of women who were completely banned from
the presence of an accompanying person, even though they
counted on or relied on it, were also evaluated.
According to the obtained results, the overall effect
of pandemic stress on peripartum results was not demonstrated. This is in line with the finding that the effect of
chronic stress (for example in natural disasters) has only
been demonstrated on long-term perinatal parameters such
as the number of miscarriages, the number of premature
births) [19].
Given that the mothers were stressed not only by the
pandemic itself, but also by the fact that in the end there
will be no partner in their birth, whose support they expected and who was prepared for this task throughout
pregnancy, the results of this study may seem surprising,
as this burden did not affect the duration of labor or basic
perinatal parameters. There are many possible explanations
for this finding, from the natural ability of mental mobilization during stress to excellent support from staff. Of course,
the question arises as to what, in addition to the psychosocial benefit, is the health perinatal benefit of the presence
of an accompanying person at childbirth.
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CONCLUSIONS

5.

Based on the results of this study, it can be concluded
that the absence of the father or accompanying person
at birth does not affect the main perinatal outcomes.
The decision on the presence of the father at the birth is
entirely up to the couple.
This finding provides more freedom in the mother’s
decision about the presence of an accompanying person
at the birth. Also, it may be an argument for reducing the
remorse (bad feelings) of fathers who cannot or do not want
to be present at birth.
Further studies are desirable, either in terms of confirming the results of this study or in terms of assessing various
cultural and civilizational phenomena for the monitored
parameters.
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ABSTRACT
Proper diet and physical activity are a form of prevention of female genital prolapse disorders. The causal substrate of
pelvic floor dysfunction is multifactorial. Fifty percent of women over the age of 50 have pelvic organ prolapse, often
accompanied by urinary incontinence. It is a complicated social and medical (urogynecological and sexological) problem.
The authors conducted a literature review on the role of visceral therapy, Kegel and core stability exercises and diet in
pelvic support disorders and urinary incontinence. The eligible articles provided insights into sexological factors, as well
as the role of osteopathy and physiotherapy. These results provide new insights into the relevance of clinical practice.
In addition to standard treatment methods used in gynaecology, sexology, physiotherapy and osteopathy (e.g., visceral
therapy), Kegel muscle and core stability exercises are becoming increasingly important. The aim of visceral therapy is
to restore the mobility of the organs while reducing increased tension and improving blood and lymph circulation. This
has the effect of reducing pain sensations, thereby influencing the function of the uterus and ovaries.
Key words: physiotherapy; osteopathy; visceral therapy; exercise; menopause; pelvic organ prolapse; urinary incontinence
Ginekologia Polska 2022; 93, 12: 1018–1027

INTRODUCTION
An aging population has given rise to an interest in the
problems of menopause and the development of so-called
anti-aging and geriatric medicine. People over 65 years of
age in Poland account for more than 11% of the popula-

tion. The life expectancy of the population has now lengthened to a point where a 65-year-old man can easily reach
the age of 79 and a woman 83 [1]. Senior citizens also require
sexological care. One of the most important problems of anti-ageing medicine is disorders of the female genital organs,
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which manifest themselves through sexual dysfunction
and urogynecological disorders [2, 3]. It is worth noting
that interest in sex and the sexual performance of women
and men largely depends on early patterns of sexual behavior, which decline in intensity with age [4, 5].
During menopause, and especially senium, a woman is
predisposed to statics disorders of the genital organs, often
associated with hyperestrogenism.
The general causes that lead to vaginal or uterine prolapse are uterine insufficiency; weakening of the pelvic
floor; abdominal pressure disorders with prolapse due to
weakening of the pelvic floor, drooping, hanging abdomen,
divergence of straight muscles and possibly a small asthenic
body structure [6].
Until recently, three factors were considered dominant
in the aetiology of genital lowering and prolapse: perinatal
damage of tissues, laxity of ligaments and the parametrium
and damage to the pelvic floor muscles. Currently, the following factors are seen to have influence on the disease:
obesity, the occurrence of chronic constipation and diseases
associated with persistent cough, heavy physical exertion
and stress [6, 7].
It is important to eliminate chronic constipation, which
can exacerbate the prolapse of internal organs. A diet that
is enriched with high-fibre products and the intake of raw
fruit and vegetables is recommended.
A properly selected nutrition plan reduces the dysfunction of the pelvic floor [8]. It is highly recommended for
family doctors, gynecologists and geriatricians to prescribe
diet therapy (with the guidance of a dietitian) to women
with a tendency to be constipated and obese, especially in
women at risk of prolapse of the genital organs.
The aim of this study is to highlight the role of manual visceral therapy, Kegel muscle exercises, core muscle
strengthening and diet in preventing pelvic support disorders and urinary incontinence, as well as their effects on
sexological aspects. However, in the absence of scientific
studies confirming which method is most effective in managing pelvic support disorders and urinary incontinence,
randomised scientific studies by scientific centres in Poland
and abroad are most warranted.
Considering the practical aspects of treating patients
with pelvic support disorders and urinary incontinence,
a multidisciplinary approach seems to make the most sense
in treatments to improve women’s health and quality of life.

PROLAPSE DISORDERS OF THE FEMALE
REPRODUCTIVE ORGANS
Prolapse disorders of the female reproductive organs
may concern various anatomical structures. For the exact
determination of the type and amount of damage, it is possible to use the International Continence Society (ICS) test

POP-Q. Pelvic muscles, ligaments and fascia help prevent
pelvic organ prolapse in the anterior, middle and posterior sections [9]. The most important fascia of the pelvis
is the endo-pelvis, which supports the uterus and vagina.
The intra-pelvic fascia is made up of the uterosacral ligament, the parametrium and the paracolpium. The pubic-cervical fascia is located between the anterior wall of the vagina and the pubis, supporting the bladder. In contrast,
the rectovaginal fascia supports the rectum. It is located
between the posterior vaginal wall and the rectum [9]. The
main muscles that support the contents of the pelvis are the
iliococcygeus, pubococcygeus and puborectalis muscles. In
healthy patients, the pelvic muscles, ligaments and fascia
prevent pelvic organ prolapse and keep the rectum, vagina
and urethra elevated at the level of the pubic symphysis [9, 10].

Visceral therapy
Visceral therapy aims to improve or recover the mobility
of the internal organs, influencing musculo-fascial release,
regulating the pressure between the diaphragms of the
body, and thus alleviating the symptoms of dysfunction
of the female reproductive organs [11–14]. When the sacrotuberous ligament (which is part of the Delbet’s lamina,
which stabilizes the female reproductive organs) is irritated
or pulled, this results in restricted mobility in the sacrum
and hip. This situation also affects the inferior visceral nerve
(T10-L2), through which the sensory innervation of the
uterus is transmitted [15, 16]. The pelvic-urethral diaphragm
should be characterized by its ability to move because if
intra-abdominal pressure increases, this will put pressure
on the internal organs, which in turn will interfere with their
mobility [15, 16].
Still believes that the cause of this dysfunction is impaired circulation of body fluids. Impaired drainage of the
pelvic venous vessels causes pelvic congestion resulting in
inflammation. Therefore, the aim of treatment is to improve
pelvic circulation [15, 16]. Visceral therapy aims to restore
movement and tissue articulation. Movement (micromotion) is considered a physiological phenomenon, a feature
of a healthy organism. Pulsation and vibration are activities of living organisms. Membranes and the fluids within
them transmit this movement to the surrounding structures,
which is called tensegrity [17]. When treating the dysfunction of a structure, its anatomy must be kept in mind [6]. Osteopathic dysfunctions can cause abnormal pelvic pressure
distribution, which can result in stasis and inflammation, as
well as visceral and vasomotor disorders. Abnormal mobility,
motility and organ localisation can lead to visceral pathology
[15, 16]. The mobility of the internal organs is affected by
their expansiveness in relation to each other.
These dysfunctions may result from an imbalance of
tension between the female genitalia and the surround-
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ing tissues and structures of the musculoskeletal and visceral systems. The structure and function of the body are
interdependent. This area still requires research to clarify
the human body’s response. The location of the symptoms
and their cause may not be in the same area of the body. The
use of visceral therapy influences bowel function and has the
effect of reducing constipation [18, 19]. Urinary incontinence
may be a consequence of abnormal pressure between the
respiratory diaphragm and the urogenital diaphragm. Correct tension within the body’s diaphragm (in this case the
pelvic urogenital region) allows for the interplay of inhalation
and exhalation movements and allows the sliding movement
of the organs between themselves and the fascia [15, 16].
It was shown that the use of visceral therapy and pelvic
floor muscle training did not have a positive effect on improving urinary incontinence in women [20].
The intensity of tension on the thoracolumbar fascia
can influence intra-abdominal pressure values and lumbar
spinal function [15, 16].
Dysfunction of the reproductive system requires therapy
to restore postural balance and normal values of pressure
between the body’s diaphragms. It is also important to
balance the tension of the muscles affecting the pelvis,
the thoracolumbar fascia and the function of the hip joint
and the pubic symphysis [20, 21]. If the respiratory diaphragm is moved upwards, the expiratory reserve volume
and the lung backflow volume reduce [22, 23]. Performing
visceral manipulation in combination with a physiotherapy
programme improves mobility in the lumbar spine [24].
Visceral techniques are also used in non-specific cervical spine pain. Performing these techniques on the spleen
and liver significantly reduced cervical pain and improved
EMG recording [25].
Performing visceral therapy significantly improved
the functional status of patients with non-specific back
pain [26, 27]. This therapy can also support the treatment of
infertility [28]. Often, the effects of visceral manual therapy
are attributed to somato-autonomic reflexes [29].
When considering the impact of manual visceral therapy
through the fascia that lines the viscera, one could look for
an impact through deep manual pressure, especially when
it is slow or steady.
Through manual pressure, the interstitial and Ruffini
mechanoreceptors are stimulated, resulting in increased
vagus activity, which changes not only local fluid dynamics and tissue metabolism, but also results in global muscle
relaxation, as well as a calmer mind and less emotional
agitation [30].
In physiotherapy practice, manual pelvic techniques are
a very important therapeutic element, the aims of which
are to improve the innervation and blood supply to the
organs of the lower pelvis [31].
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KEGEL EXERCISES
In 1948, Kegel exercises designed to strengthen
the pelvic floor muscles were first described by Arnold Kegel.
A perineometer, or vaginal pressure gauge, was constructed that recorded the strength of contraction of the pelvic
floor muscles, and this was used to guide correct exercise.
Dr. Kegel’s research showed that these exercises are effective in training the bladder and rectum and are highly
recommended in stress urinary incontinence [32, 33], while
also improving the quality of patients’ sex lives [34–36].
The urethral sphincter and support systems in women have
been shown to prevent urinary incontinence and prolapse
of the genital organs [37, 38].
A pelvic floor disorder can be treated with surgery, pharmacology and with Kegel exercises, which are the most
popular therapy. However, research is required to determine
which treatment is most effective. Kegel exercises are defined by a certain set of instructions, with the number of
contractions and duration regulated individually. There is
currently no established Kegel exercise protocol, but the
following basic rules apply: 1. identifying the appropriate
muscles to stop or slow urination; 2. muscle contraction;
3. number of repetitions. The most common mistake is the
tightening of the adductor muscles of the hip, abdomen
and buttocks instead of the pelvic floor muscles [10]. It is
very important to make patients aware of which muscles
they should tighten during training.
An important element of Kegel exercises is the alternation of fast and slow contractions [10, 33]. Performing rapid
contractions with the pelvic floor muscles teaches them to
adapt to increased abdominal pressure when coughing or
laughing, for example. Combining biofeedback and electrotherapy treatments with Kegel muscle exercises improves
the effects of the treatment. Using a perineometer, Kegelmaster and vaginal cones, resistance exercises for these
muscles are achieved [10, 33].
Kegel exercises require a systematic approach for them
to be effective. Treatment with these exercises has been
shown to be effective if it is consistently practiced for three
months [39]. Cavkytar et al. [40] believe that eight weeks
of exercise is the minimum time to strengthen pelvic muscles. Zanetti et al. [41] proved that approximately 30% of
women cannot properly tighten their pelvic floor muscles.
With age, muscles lose elasticity, resulting in a decrease
in muscle strength. Performing Kegel exercises can delay
the decline in muscle strength [42]. It has been observed
that the effects of pelvic floor muscle training (PFMT) are
short-lived [43]. Given the lack of research on the topic, it is
difficult to answer unequivocally how long patients should
wait to return to the exercise. Performing exercises with
the involvement of the muscles of the pelvic floor is very
important, but a holistic view of the woman’s body is key,
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and core stability training (pelvic floor muscles are part of
core stability) should be introduced in conjunction with
this approach [44].

CORE STABILITY
Core stability has been a topic of research for over
30 years. Considering the human body in terms of its structure, the term ‘core’ would refer to its central point. There is
a therapeutic approach to the body when it comes to core
support through the stabilization of the torso muscles. Inadequate stabilization causes a weakening of motor control,
which in turn affects the disturbance of movement patterns
and ptosis of the internal organs [45]. Core stability is defined
as a double bottomed cylinder which plays an important
role in stabilizing the torso and includes muscles that are
local and global stabilizers. Local stabilisers are the deepest
and are characterized by low strength, lack of or minimal
changes in length (therefore they do not have a defined
range of motion) and a protective function for a given part
of the body due to their continuous muscle tension. They
also contract first (faster than global stabilizers), meaning
that they are not responsible for the transfer of motor control to global stabilizers. Their contraction does not depend
on the direction of movement to which the human body
is subjected, and they do not have the corresponding antagonistic muscles [8].
According to Panjabi [46], the definition of torso muscle
stabilization is the integration of two important elements:
the passive part, which is the spine with its active components, including the back and torso muscles and their
innervation. The combination of the above-mentioned components allows a person to maintain a safe intervertebral
range of motion during everyday activities.
Kibler looks at core stability from a different perspective:
it is the ability to control the position and movement of
the pelvis through the torso, which ensures optimal movement efficiency and the transfer and control of force and
movement to the extremities of the body during integrated
sports activities.
Core strength, in turn, refers to muscle strength, but in
its functional aspect [46]. Akuthota and Nadler [45] define
core strength as muscular control located in the lumbar
spine that is needed to maintain its functional stability. In
contrast, Brukner and Khan believe that torso stabilization
refers to the control of the muscles in the lumbar, pelvic and
hip regions that provides functional stabilization.
Functional stabilization, according to the above-mentioned authors, means the work of the muscular corset
that provides stability to the body and the spine during
the movement and immobility of the limbs. The torso is the
basis of the kinematic chain that governs the movement
of the limbs: all movements are generated from the core

and transferred to the limbs [47]. Brukner and Khan argue
that force is contained in stabilization and is a component
of so-called dynamic stabilization. Dynamic stabilization,
on the other hand, is the ability to combine the features
of strength and endurance on all planes of movement and
while performing activities despite changes in the center
of gravity [47]. Hibbs defines core stability as the ability of the torso to control the position and movement of
the pelvis, ensuring effective movement, control of force
and movement, and the transfer of force and movement to
the extremities of the body during integrated sports activities [46]. Brukner and Khan compare the core to a box with
the abdominal muscles in front, the paraspinal and gluteal
muscles in the back, while the diaphragm is the “roof” of the
box and its “bottom” the pelvic floor muscles. On the sides,
there is the musculature of the hip abductors and rotators
[47]. In the three-dimensional representation of the core
as a construction, there is a “double-walled cylinder” [44].
This two-layered team of muscles distinguishes the three
muscle groups responsible for local and global stabilization,
as well as for global mobility.
The first group compared by Comerford to the inner
core concerns the local deep muscles cooperating with
each other and providing stabilization of the lumbar spine
by wrapping around this section like a corset and stabilizing the sacroiliac joint. This layer consists of the diaphragm,
transverse abdominal muscles, multifidus muscles, anterior hip muscle and pelvic floor muscles. The multifidus
muscle (musculus multifidus) deserves more attention due
to its multifunctionality. This muscle runs along the spine
and attaches to the pelvis, spine, and head. Considering
the torso as a cylinder, this muscle schematically occupies
the rear part of the cylinder and is most strongly developed
in the lumbar spine. Thanks to this muscle, there may be
pelvic anterior tilt and elevation in the lumbosacral joint
[48]. The transverse abdominal muscle (musculus transversus abdominis) is the muscle that lies beneath the internal
oblique and external oblique muscles. This muscle narrows
the chest, brings the ribs closer to the pelvis (when exhaling)
and, like a corset, wraps itself around the abdominal cavity.
Its contraction stabilizes the joints, ligaments, intervertebral
discs and nerves.
On the other hand, the pelvic floor muscles, in particular the levator ani and coccyx muscles, together form the
so-called pelvic diaphragm and “close” the cylinder from
the bottom [48].
The second group of muscles, classified by Comerford
as the outer core shell, are muscles responsible for global
stabilization and global mobility. The outer layer of the cylinder, which “globally stabilises” it, is made up of the oblique
muscles of the abdomen: external and internal, anterior hip
muscle, trapezius muscle of the loin — its oblique fibers,

www. journals.viamedica.pl/ginekologia_polska

1021

Ginekologia Polska 2022, vol. 93, no. 12

the more superficial part of the multifidus and the spinal
muscles. These muscles control body posture [44].
The third group, according to Comerford, are the muscles responsible for global motor skills, and they are the rectus abdominis muscle, iliocostal muscles, the rectus muscle
of the thigh and the posterior compartment of the thigh.
These muscles are very strong and resistant to load.
They are phasic muscles whose activation depends on
the direction of movement. Comerford also includes both
shoulder and pelvic girdle in the core because, as he justifies, the scapula is a joint of the upper limbs and the torso,
and the pelvis is the point that connects the lower limbs
with the torso [44].
A very important anatomical structure related to core
stability function and the work of the abdominal press is
the thoracolumbar fascia. Hodges and Richardson describe
the level of the lumbar spine as hereditary unstable. They
believe that the stability of this section depends on the
muscles working and present in this area [49].
The protective reaction from the tension of the muscles of the inner layer of the cylinder is transferred to the
outside, which means that the muscles of the inner layer
contract first and then the outer layer. This regularity was
demonstrated by Richardson, Jull and Hodges. According to
these authors, the transverse abdominal muscle, the pelvic
floor muscles and the diaphragm contract 30 ms faster than
the muscles of the upper limbs and 110ms faster than the
muscles of the lower limbs. This advanced timing is very important because the quick activation of the muscular protection of the lumbar section protects the torso musculoskeletal
apparatus against destabilization, overstrain and injury. Core
stability exercises (especially for the transverse abdominal
muscles and multifidus muscles) are considered an effective
way of reducing pain in the lumbar spine [50, 51].
An association between the presence of stress urinary
incontinence and non-specific low back pain has been
shown. In addition, it has been shown that the presence of
one condition may determine the occurrence of the other in
a patient [7, 52–57]. A number of techniques, exercises and
physiotherapy methods have been developed that are effective in improving low back pain [58, 59, 60–64]. The cause
of non-specific low back pain is not yet well understood,
but despite this, it can be considered related to reduced
activity of the transversus abdominis muscle, diaphragm
and pelvic floor muscles [65, 66]. The pelvic floor muscles
have an important function in the stability of the trunk and
lumbar spine and in maintaining bladder tone, and this leads
to the conclusion that pelvic floor muscle dysfunction is associated with stress urinary incontinence and non-specific
low back pain [7, 67]. It can also be concluded that pelvic
floor muscle therapy can be effective in patients with chronic
non-specific low back pain [7].
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The muscles that are responsible for stabilising the spine
also have a significant role in maintaining continence [68].
Applied manual techniques affecting mobility in the spine
can be used to treat stress incontinence and nonspecific
low back pain [69, 70].
As core stability is a double-bottomed cylinder with
pressure differences above and below the diaphragm muscle, the pressure balance between the different diaphragms
in the body needs to be restored and attention needs to be
paid to the state of muscle tension in the pelvic region and
the thoracolumbar fascia [71].
When starting core stability exercises, which also include
pelvic floor muscle exercises, it is important to carry out
a postural analysis, which is characterized by symmetry of
body weight distribution.
The anterior type of posture generates a tendency for
the internal organs to prolapse through an inspiratory diaphragm. It is also characterized by excessive trunk tension,
resulting in an abnormal pressure gradient in which the
pelvis tilts forward. The posterior type of posture is characterized by an expiratory thoracic position and posterior
pelvic tilt and increased tension at the level of the sacroiliac
joints [72].
The holistic theoretical model proposed by Hofman and
Gabel [73] contains six subsystems (stability passive, stability neural, stability active, mobility passive, mobility neural
mobility active) and can provide a universal system for the
analysis of movement as well as an understanding of musculoskeletal disorders.
It should also be noted that dysfunction of the lumbar-pelvic complex resulting from instability can produce
distant responses such as incontinence — pelvic or lumbar
spine pain can affect the tone of the pelvic floor muscles [74].
The lack of articles confirming the effects of training
the stabilizing muscles of the lumbar spine on reducing
incontinence as well as its effects on sexological aspects
certainly calls for research.

UROGYNECOLOGICAL PROBLEMS
AND FEMALE GENITAL ORGAN PROLAPSE
Disorders of the statics of the female genital organs and
related urogynecological problems are a specific disability
resulting in the limitation of physical and sexual activity.
The menopausal sexual dysfunctions associated with
this disability include hypo- or anorgasmia, dyspareunia
and climacturia (leakage of urine during intercourse), hypolibidemia or alibidemia associated with the aforementioned
sense of self-attractiveness [75–79]. These problems are accompanied by vaginal dryness and secondary inflammation
of the genitourinary system.
Data from literature and clinical observations indicate
that in the case of the analyzed urogynecological disorders,
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over 50% of women exhibit hypo- or alibidemia, which leads
them to feel less attractive, so they avoid sexual contact,
which often causes problems in their relationships. This
condition is caused by discomfort during intercourse caused
by atrophic changes secondary to menopausal hypoestrogenism and irritation of the skin and genital mucosa by urine
(climacturia). The tendency towards recurrent inflammation
and infections of the genitourinary organs in such patients
should be emphasised [80].
However, clinical observations indicate that while
the patients themselves complain of urogynecological problems in a medical gynecological interview, they themselves
usually do not report sexological problems related to static
disorders — they usually have to be asked about it in an empathetic way — then they significantly report the impact
of the disorders on the sexual sphere described above.
The authors would like to emphasize that there is always
a need to extend the gynecological medical interview with
sexological aspects, which should be carried out with respect for intimacy and great empathy.

URINARY INCONTINENCE
A problem directly related to genital prolapse is Stress
Urinary Incontinence (SUI). This is defined as the uncontrolled excretion of urine through the urethra in a quantity
that causes health or social problems.
This disease can be caused by many factors. One of
them is changes in the urinary system related to pregnancy
and delivery that may last for an extended period and require
treatment. They are more common in multiparous women,
although they are increasingly found in primipara women.
In addition to having many children, the factors that contribute to the development of urinary incontinence include
rapid course of labor and surgical deliveries, operations in
the pelvic region, genetic conditions related to connective
tissue, systemic diseases (e.g., diabetes or chronic constipation), coughing and respiratory diseases, improper diet,
smoking, depression and some pharmacological agents
(e.g., b- and a- blockers) [81].
Urinary incontinence is a condition in which involuntary
urination, objectively determined, is a hygienic problem and
impedes the patient’s functioning in society.
The International Continence Society (ICS) distinguishes
the following types of urinary incontinence:
1. Genuine stress incontinence — GSI. Uncontrolled leakage of urine occurs when intravesical pressure exceeds
the maximum urethral pressure and there is no unstable
detrusor contraction. The uncontrolled leakage of urine
occurs when the abdominal press is activated, e.g.,
when coughing, lifting or laughing. Urinating small
amounts of urine is not accompanied by a feeling of
urgency [82, 83].

2. Urge incontinence is a consequence of uncontrolled detrusor contraction, without the involvement of intra-abdominal pressure. The two former distinguished causes
of the disease — instability and excessive excitability
of the detrusor of the bladder — have been replaced
with the term overactive bladder (OAB). According to
the newest terminology, an overactive bladder is called
a symptom disease because, regardless of the etiology,
the symptoms allow a clinical diagnosis to be made
[82, 83]. The clinical picture is dominated by the urge
to urinate, which may be accompanied by urgent urinary incontinence, excessive frequency of micturition
and nocturia. Thus, urgency incontinence is one of the
four basic clinical symptoms of an overactive bladder.
3. Overflow incontinence is the involuntary urination
of urine due to a dilated bladder. Impaired detrusor
contractility leads to the overfilling of the bladder
and, consequently, to overflow incontinence. Involuntary loss of urine can also be the result of an obstruction
in the outflow of urine [82, 83]. The above-mentioned
types of urinary incontinence occur separately or simultaneously as a mixed form of urinary incontinence.
Stress urinary incontinence is most often associated
with urge incontinence.
Due to the frequency of its occurrence, urinary incontinence is considered a social problem and is one of the most
pressing health problems of the 21st century.
This ailment is considered a disability that impairs life
and normal functioning in society. The problem of “leaking”
urine is affecting an increasing group, not only pregnant
and obstetric women, but above all menopausal women.
However, as shown by clinical observations and data
from the literature, urinary incontinence, contrary to
the generally prevailing opinion, also applies to young women, which indicates the need to educate young women in
the prevention, rapid detection and treatment of urinary
incontinence.
Maintaining proper statics of the genital organs is significantly influenced by maintaining a healthy body weight,
high physical activity and healthy daily habits (regular emptying of the bladder and rectum).
Prevention of disorders of the statics of the genital
organs and secondary urinary incontinence is mainly related to preventative measures before postpartum damage: proper choice of the method of labour, avoiding
the prolongation of the second stage of labour, timely
and appropriate incision of the perineum and its subsequent
restoration. It is also very important from the preventative
point of view to avoid physical exertion in the postpartum
period. Because of its negative impact on everyday life,
the search for the most effective method of urinary incontinence treatment continues. The current path of treatment
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includes conservative treatment, consisting of exercises to
strengthen the pelvic floor muscles (the so-called Kegel
gymnastics — tightening the perineal muscles several times
a day) in combination with the local application of oestrogen
therapy. Conservative methods are the first stage of treatment. Additional forms of treatment include physiotherapy,
including kinesiotherapy — pelvic floor muscle training,
electrostimulation, biofeedback, magnetic stimulation
and behavioural therapy.
The type of therapy used will depend on the type of incontinence. Doing the exercises is effective, but they require
self-discipline from the patient. It is important to remember
that a holistic approach to the patient, including medical, physiotherapeutic and psychological care, produces
the best treatment results [84].
In pharmacological treatment, anticholinergic products
that block muscarinic receptors are used: oxybutynin, tolterodine, trospium, solifenacin and darifenacin or duloxetine,
which is unavailable in Poland, as well as reducing urine
secretion (desmopressin).
In some patients, bladder denervation therapy can be
used by employing botulinum toxins. Positive effects have
also been seen using additional ad hoc devices, such as
Kolpexin, intraurethral inserts and urethral clamps that inhibit the “leakage” of urine. One should not forget about
the possibility of using absorbent pads which, unlike other
feminine hygiene products, neutralise the smell of urine,
improving the patient’s quality of life [82, 83].

SURGICAL TREATMENT — SPECIAL NOTES
ACCORDING TO THE RECOMMENDATIONS OF
THE POLISH GYNECOLOGICAL SOCIETY
Due to proven clinical effectiveness, the operations
of choice in the treatment of stress urinary incontinence
are Burch colposuspension and sling procedures (surgical
techniques using retrouterine access and through the obturator foramen) with the use of synthetic materials based
on propylene polymers (tapes, meshes) and other surgical
materials intended for this purpose. Xenogeneic implants
are alternative surgical biomaterials with wide prospects
for use in surgical procedures related to the treatment of
UI. Proper trophism of the vagina and the fascial structures
of the pelvis minor, as well as the correct surgical technique
are all necessary to achieve therapeutic success. In the case
of atrophic changes in the vagina, local estrogen treatment
is obligatory both before and after surgery, especially when
synthetic surgical materials are used.
The application of additional synthetic sutures to tighten
the urethral “hammock” may increase the rate of therapeutic
success. At present, it is not yet possible to clearly say (too
short of an observation period) whether the use of obturator
foramen will completely supersede the techniques based
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on a retrouterine sling. Procedures performed through
the obturator foramen significantly reduce the risk of intraoperative complications (perforation of the bladder, urethra,
intestines, large vessel injuries and postural hematomas).
Short-term observations confirm the high clinical effectiveness of the surgical techniques used in the treatment of UI
through the obturator foramen access.
In the case of disorders of the statics of the female sex
organs and coexisting stress urinary incontinence, it is necessary to correct the anatomical defect.
Stress urinary incontinence can be treated surgically
using, for example, Tension-free Vaginal Tape (TVT). The aim
of this operation is to restore or strengthen the pubic-urethral ligaments by inserting in their place a polypropylene
mesh (TVT tapes — Ethicon Inc. Johnson Johnson, USA,
IVS tapes — TYCO Healthcare, UK). A sling can be inserted
through the obturator foramen or, classically, with an intrauterine approach. The decision to choose a treatment
method depends on many conditions and criteria, including
the patient’s age, general condition, physical activity, possibly previous urogynecological surgeries, and the patient’s
decision to continue their sex life. Ultimately, the choice of
treatment method depends on the state of the anatomy
of the structures holding the sex organs in an undisturbed
position and the assessment of the condition in which these
structures are located.
In pharmacological treatment, anticholinergic preparations blocking muscarinic receptors are used: oxybutynin,
tolterodine, trospium, solifenacin and darifenacin or duloxetine, which is unavailable in Poland, as well as reducing
urine secretion (desmopressin). In some patients, bladder
denervation therapy can be used, with botulinum toxin employed for this purpose. Supportive effects are also provided
by additional ad hoc devices, such as Kolpexin, intraurethral
inserts and urethral clamps that inhibit “leakage” of urine
[85].
The use of absorbent pads is also a possibility. By neutralizing the smell of urine, they improve the patient’s
quality of life. In order to help prevent disorders of genital
statics and urinary incontinence, physical exertion is also
to be avoided, especially related to lifting heavy objects
and standing upright.

CONCLUSIONS
The maintenance of proper statics of the genital organs
is significantly influenced by maintaining a healthy body
weight, high physical activity, healthy daily habits (regular
emptying of the bladder and rectum). Proper body posture
is also important — proper force distribution, avoiding excessive pressure “up and down”, visceral therapy, pelvic floor
(Kegel) muscle and core stability exercises and hormone
replacement therapy during menopause.
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Both from the prophylactic point of view and that of
the therapy of patients with static disorders associated with
urogynecological disorders, an important aspect of this
problem is female sexuality and problems in partnerships.
The topics covered require research to clarify the impacts of manual visceral therapy, Kegel muscle exercises,
core stability exercises and diet on pelvic support disorders
and urinary incontinence (including sexological aspects)
and the role of physiotherapy and osteopathy in treating
them. Clinical practice and research would need to include
a broad clinical diagnosis of visceral examination and clinical
examination of the musculoskeletal system in a population of women with pelvic support disorders and urinary
incontinence.
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Carcinoid in appendix in pregnancy
Agata Karowicz-Bilinska
1st Chair of Gynecology and Obstetrics, Medical University of Lodz, Poland

INTRODUCTION
Carcinoid is a rare slow growing malignant tumour of neuroendocrine origin [ANETs]. It is mainly caused by enterochromaffin cells. Normally, it is found in the gastrointestinal tract and bronchopulmonary system. Appendix is the third
most common place where carcinoid could be found [1]. The frequency of carcinoid occurrence is from 1.5 to 1.9 cases
per 100 000 and the incidence of carcinoid tumours is increasing. The average age of carcinoid diagnosis is 30–40 years
of age [2]. Carcinoid location in appendix is rare and detected in about one percent of removed appendix due to acute
appendicitis [3]. Carcinoid as neuroendocrine tumor occurs in about 50% of all tumors of appendix [4].
In most cases appendectomy is sufficient in the treatment but dependent to tumour size requires a right hemicolectomy with lymphadenectomy [5].

CASE REPORT
The 31 year old patient, primigravida was admitted to hospital in completed 38 weeks of pregnancy because of
surgical indications for delivery by caesarean section. Previously, four years earlier, the patient had recurrent abscessus
regionis rectalis and as the consequence fistula pararectalis occurs. Fistula was closed by operation one year before
pregnancy. Due to a medical history of fistula, the patient was classified by a leading surgeon to elective caesarean section. After admission to High-Risk Pregnancy Clinic, the patient reported strong abdominal pain and small bleeding
from the birth canal. The uterus manifested high tensity. The suspicion of placental abruption caused an immediate
decision for a caesarean section. Caesarean section was done via the Pfannenstiel way and a baby boy was delivered in
good condition, weighing 3560 g.
The patient’s ovaries were checked, normal appendix was observed and a small tumour (less than 1 cm) was found
at the tip of the appendix. The decision for removal of the appendix was made and the appendix was removed by
standard procedure. Postoperative period was normal and both mother and neonate were discharged from hospital
on the 5th day post-surgery.
Postoperative histological preparation diagnosis shows neuroendocrine carcinoma infiltrating mesoappendix.
The total diameter of tumour (with infiltration) was more than 2 cm. Based on the microscopic morphological diagnosis
and immunochemistry results — AE1/AE3+, CDX2+, Chromogranin+ and Synaptophysin+ the diagnosis of well differentiated endocrine neoplasm — carcinoid was established.
The patient was informed about the histological result and consulted by the team of oncologists.
The decision of reoperation and hemicolectomy was made and the patient agreed.
The operation was performed in surgical-oncological department successfully by laparoscopy. The patient was
breastfeeding but did not stop lactation. Postoperative period was not complicated, and the patient was sent home.
Postoperative preparation shows no macroscopic changes of removed part of bowel and small intestine and was
histologically free of carcinoma cells. Greater omentum also shows no presence of carcinoma. Twelve nodules were
removed and checked. The first diagnosis shows no carcinoma, but after the second check for new slices of nodules in
one from the 12 (1/12) carcinoma cells were found.
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The final diagnosis was established as well differentiated endocrine neoplasm — carcinoid with metastasis to nodule.
The patient was informed and taken into regular check by PET. No additional treatment as chemotherapy was implemented. After two years, no pathological changes were found and patient is doing well.

DISCUSSION
The location in the appendix is rare but appeared in our case. Carcinoids are malignant tumours in different status
of malignancy — from well differentiated to no differentiated. This status could predict the process of a tumour growth.
All carcinoid tumours are slow-growing cancers.
In our case, the tumor was asymptomatic that is normal in such size of tumour (< 1 cm), but if measured together
with infiltration, the diameter was 2 cm. This histological diagnosis changes the way of surgical treatment from simple
appendectomy to hemicolectomy with nodules removal. The age of our patient was similar to observed in such tumours [2]. In our case no other symptoms were found. Knowing that neuroendocrinal tumours could secrete serotonin
and other vasoactive substances carcinoid syndrome can be present. The symptoms as redness and warmth of the upper
part of the body, decrease of blood pressure, weight changes, weakness, joints and muscle pain, dehydration may occur.
The cases of presence of carcinoid in pregnancy are rare and there are few cases reported. One from Mexico described
a carcinoid found in a patient with acute appendicitis symptoms in the ninth weeks of pregnancy [6]. The second also
described acute symptoms of appendicitis in early pregnancy [7]. General incidence of cancer in pregnancy is of one in
1000. The most common cancers associated with pregnancy are cervical, breast and ovarian, while appendiceal tumors
are extremely rare [8].
In literature we did not find any symptomatic carcinoid tumor in appendix in IIIrd trimester of pregnancy. Our case
seemed to be extremely rare but we would advise to check ovaries and appendix in every operated female patient
because of the risk of carcinoid and ovarian cancer in every age and even during the course of pregnancy.
Patients with diagnosed carcinoid tumors have a good life expectancy to 95% surviving at least five years from
diagnosis [9, 10].

CONCLUSIONS
1. In every surgical procedure appendix should be checked.
2. Lack of the symptoms do not exclude carcinoid tumors presence in human organism.
3. The survival rate after carcinoid is high but hemicolectomy may be needed.
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