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Continuous glucose monitoring and insulin
pump therapy in pregnant women
with type 1 diabetes mellitus
Izabela Lason , Katarzyna Cyganek , Przemyslaw Witek, Bartlomiej Matejko,
Maciej T. Malecki, Jan Skupien
Department of Metabolic Diseases, University Hospital, Cracow, Poland
Department of Metabolic Diseases, Jagiellonian University Medical College, Cracow, Poland

Abstract
Objectives: We examined the impact of continuous subcutaneous insulin infusion (CSII) and continuous glucose monitoring systems (CGM) during pregnancy in women with pre-gestational type 1 diabetes (T1DM) on glycemic control and
subsequent adverse outcomes.
Material and methods: In this observational, one-center study we analyzed records of consecutive 109 T1DM pregnancies
(2016–2017). The final analyzed group consisted of 81 singleton pregnancies who met inclusion and exclusion criteria. We
searched for the association between the use of CSII with or without CGM and pregnancy planning with glycated hemoglobin A1c (HbA1c) through pregnancy and after delivery as well as maternal and infant outcomes.
Results: Patients using CSII and CGM vs CSII without CGM and MDI (multiple daily injections) users had the lowest HbA1c
levels during and after pregnancy (5.3%, 5.3%, 5.2% and 5,5% in the 1st, 2nd, 3rd trimester and postpartum visit, p = 0.003,
p = 0.030, p = 0.039 and p = 0.002, respectively). Patients treated with insulin pumps with CGM and additional functions
of automatic insulin delivery suspension on low glucose level (SLG) or predictive low glucose suspend (PLGS) during the
third trimester and after pregnancy achieved a significantly lower HbA1c than the other CSII patients. We did not find
any differences between the study groups in gestational age at delivery, preterm births, birth weight or macrosomia risk.
Despite very good glycemic control, the risk of macrosomia remained high (19.7%).
Conclusions: The use of pumps equipped with CGM, especially with automatic insulin delivery suspension, may improve
glycemic control in pregnant T1DM women. The proportion of macrosomia remained high.
Key words: type 1 diabetes; pregnancy; continuous glucose monitoring; insulin pump; macrosomia
Ginekologia Polska 2021; 92, 10: 675–681

Introduction
Maintaining target glucose and glycated hemoglobin
A1c (HbA1c) levels in normoglycemic states while pregnant
with diabetes type 1 is essential to reduce the risk of fetal
hyperglycemia exposure. During this same period, it is also
important to limit maternal hypoglycemic episodes. Both
objectives are considered critical to reducing the risk of poor
outcomes in both mother and neonate [1, 2].
However, the burden of macrosomia in pregnancies
in women with pre-gestational type 1 diabetes (T1DM)
remains still higher compared to the general population,
despite in-target or near-target glycemic control and the
risk of macrosomia remained glucose-dependent [3].

The high risk of macrosomia for in-target (< 6.0%) hemoglobin A1c (HbA1c) may be driven by hyperglycemic spikes
missed in routine self-monitoring of blood glucose (SMBG)
performed with a glucose meter.
Inadequate blood glucose management during pregnancy was linked not only to macrosomia but also to other
adverse pregnancy outcomes in mothers and infants. These
risks were extended to potential obesity, diabetes and cardiovascular disease later in child’s life [4–6]. Approximately
half of the pregnant women with diabetes in the United
Kingdom do not reach their HbA1c targets [7]. The improvement of pre-pregnancy care and the promotion of pregnancy planning may be adequate and effective. However,

Corresponding author:
Izabela Lason
Department of Metabolic Diseases, University Hospital, 2 Jakubowskiego St, 30–688 Cracow, Poland
e-mail: izabela.wlazlo@doctoral.uj.edu.pl
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a new challenge emerges for the women reaching the recommended glycemic target.
Continuous glucose monitoring systems (CGM) are
becoming more widespread in recent years. They offer
a complete, 24-hour glucose profile capturing all blood
glucose fluctuations. The measurement takes place in the
subcutaneous tissue with a reduced need for fingerstick
calibration, where rapid changes in glucose concentration
mirror the changes in the blood. Modern personal insulin
pumps augmented with CGM sensors with functions like
automatic insulin delivery suspension on low glucose level
(SLG) or predictive low glucose suspend (PLGS) offer additional benefits for their users. In a cost-utility analysis
performed in Sweden, it was concluded that the use of a SLG
pump was effective in T1DM patients with poorly controlled
diabetes and in those with a high risk of hypoglycemia [8].
A recent CONCEPTT study found that the prolonged use
of CGM through pregnancy in women with pregestational
T1DM resulted in the reduction in HbA1c, more time spent
within target glucose levels, less time spent above the target
and reduced glycemic variability [9]. Such improvements
translated into better neonatal outcomes, particularly in the
lower incidence of macrosomia and neonatal hypoglycemia.
The use of CGM and sensor-augmented insulin pumps
are becoming a standard of care in pregnant women with
T1DM [10, 11]. Here, we report our initial experience with
the use of CGM in pregnant T1DM women in the Lesser
Poland region.

Objectives
Our aim was to examine the impact of the use of CGM
and continuous subcutaneous insulin infusion (CSII) on
glycemic control and the risk of maternal and infant adverse
outcomes as compared to MDI during pregnancy in women
with pre-gestational T1DM.

Material and methods
This study was performed at the Clinical Department
of Metabolic Diseases, University Hospital in Krakow, Poland, a tertiary regional referral center for diabetes. In this
single-center retrospective clinical observation, we included
all consecutive women with pre‑existing T1DM who were
registered between the years 2016 and 2017, and their
data was collected at the time of the first antenatal visit. All
participants were Caucasians and residents of southeastern
Poland. Data from their medical records including pregestational and clinical data were collected during the first
pregnancy visit, as described earlier [3, 12]. We included all
consecutive women diagnosed with T1DM at least one year
before conception. The study participants were followed
during their pregnancy and up to 3-6 months postpartum
through the end of 2018. T1DM was diagnosed based on
676

the World Health Organization criteria and acute onset with
typical symptoms, ketosis or ketoacidosis at the time of
diagnosis and insulin dependence from the onset. Autoantibodies were not routinely tested and were not required
for a T1DM diagnosis.
Pregnant or pregnancy planning women received an intensive diabetes management program, which involved
education on diet, physical activity, glycemic goals, SMBG
(self-monitoring of blood glucose), frequent outpatient visits, and if necessary, hospital admission. The educational
program was adjusted for the appropriate insulin treatment regimen: multiple daily injections (MDI) or CSII with
a personal insulin pump. Whenever CGM was available, its
use was included in the education program. A woman with
T1DM referred to the center before conception was considered pregnancy planning. If the first visit was registered after
conception, such a pregnancy was considered not planned.
According to the guidelines of the Polish Diabetes Association, the target HbA1c was < 6.0%, self-monitored glucose
3.9–5.0 mmol/L (70–90 mg/dL) at fasting states, < 6.7 mmol/L
(< 120 mg/dL) 60 minutes after meals and > 3.3 mmol/L
(> 60 mg/dL) between 2 and 4 am [13]. In 2017, the targets
were changed to HbA1c < 6.5% in 1st trimester and < 6.0% in
2nd and 3rd trimester, self-monitored glucose 3.9–5.0 mmol/L
(70–90 mg/dL) at fasting states, < 7.8 mmol/L (< 140 mg/dL)
60 minutes after meals and 3.9–5.0 mmol/L (70–90 mg/dL)
between 2 and 4 am [14]. All women had diabetes and
control obstetric visits every four weeks throughout the
pregnancy. The recommended standard calorie intake was
about 30–35 kcal/kg of body weight and depended on
the body weight, height, physical activity and age [13].
The patients were advised to consume 40–50% of calories from carbohydrates, 20–30% from fats and 30% from
proteins. The recommended weight gain depended on
baseline body weight (11.3–15.9 kg for women with normal weight, 6.8–11.4 kg for overweight women, 4.5–9.1 kg
for women with obesity and up to 18 kg for patients with
BMI < 19.8 kg/m2) [13–15]. Excess weight gain was managed
by reducing food intake. Ketone levels were monitored daily
from a morning urine sample.
In the Clinical Department of Metabolic Diseases, there
were insulin pumps available for rent to T1DM pregnant
women or those who were planning a pregnancy. The insulin pumps and sensors came from a donation program
sponsored by “The Great Orchestra of Christmas Charity”
Foundation (The Orchestra Foundation), one of the largest
charities in Poland. The costs of the insulin pump and CGM
are not reimbursed for patients under the age of 26 in Poland. The specialists in our out-patient clinic recommended
and prescribed CSII or sensor-augmented insulin pump
(SAP) therapy due to pregnancy or in women planning to
become pregnant. Women in our study received personal
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variables (more appropriate for small samples). Proportions were compared using the chi-squared test or Fisher
exact test, when applicable. Differences between medians
were compared using the Wilcoxon rank sum test. Shapiro-Wilk test was used to assess normality of the distribution.
Bartlett’s test was used to assess homogeneity of variances. To compare the mean of more than two groups we used
ANOVA test or Kruskal-Wallis rank sum test as nonparametric
equivalent. The differences between mean levels of HbA1c
were tested in a multiple repeated measures regression
model that implemented an unstructured covariance matrix.
Data analysis was performed in SAS 9.4. P-values < 0.05 were
considered significant.

insulin pumps and CGM (transmitter and sensors) free of
charge. There were two pump models: automatic insulin
delivery suspension on low glucose level (SLG) — Paradigm Veo or predictive low glucose suspend (PLGS) — MiniMed640G. Patients were strongly encouraged to use the
CSII regimen as well as CGM during pregnancy, although
this was limited due to patient compliance. The choice of
insulin pump model, SLG or PLGS, was usually based on
the current availability. The use of MDI was based on the
patient’s personal preferences.
We excluded from the current analysis women who
experienced a miscarriage (before 22nd week of gestation,
n = 6) or with incomplete follow-up data, specifically without
a documented postnatal visit with a recorded gestational
age and birth weight. Only singleton pregnancies were
analyzed. The baseline characteristics were recorded at the
first visit. They included age, T1DM duration, preconception
body weight, body mass index (BMI), and the presence
of diabetes complications such as retinopathy diagnosed
by an ophthalmologist, decreased glomerular filtration or
albuminuria. Every woman had their HbA1c level tested at
the first, second and third trimester, as well as 3–6 months
after delivery. In addition, the preconception HbA1c was
also obtained either from the patient’s past medical records
or it was measured during their pregnancy planning visit.
The following endpoints were considered in the analysis:
HbA1c level and its change throughout the pregnancy and
after delivery, the maternal weight gain during pregnancy,
the birth weight and the presence of macrosomia (> 4000 g)
in term pregnancies, the low birth weight (< 2500 g), the
frequency of preterm deliveries (< 37th week of gestation),
the frequency of caesarean deliveries, infant deaths and
congenital malformations. We searched for the association
between these variables and the specific model of insulin
therapy (the use of insulin pump with or without CGM or MDI
regimen) as well as pregnancy planning. We were unable to
assess the newer parameters of glucose control quality like
time in range (TIR), time below range (TBR) and above range
(TAB), glycaemic variability assessed by coefficient variation
(%CV) and GMI (glucose management indicator) because
only some of the patients used CGM [16].
The data is reported as counts and percentages for categorical variables or medians with quartiles for continuous

Results
We identified 109 women with T1DM referred to the
Clinical Department for pregnancy planning or while pregnant. We excluded women who miscarried (n = 6), women
who missed their post-delivery visit and those who’s outcome data was missing (n = 22). In the analysis, we included
81 singleton pregnancies. We were unable to analyze miscarriages as an outcome because the data was incomplete.
There were 36 (44.4%) women planning to become
pregnant. Most of these were treated with CSII before conception and then during the pregnancy. Only six women
were treated with an MDI regimen during the planning
stage and three were then switched to CSII after conception.
Conversely, 31 (68.9%) women who did not plan pregnancy
were on an MDI regimen before conception. Most were
then switched to CSII for the duration of the pregnancy.
The insulin treatment and pregnancy planning are shown in
detail in Table 1. During pregnancy, only 11 patients (13.6%)
remained on an MDI regimen, while 70 (86.4%) were treated
with CSII. There were 28 (40%) patients on insulin pumps
who used CGM sensors. A pump with automatic PLGS was
available to 13 CGM users. Subsequent comparisons are between MDI, CSII without CGM and CSII with CGM groups. As
an auxiliary analysis, we report comparisons between CSII
patients using CGM with and without automatic insulin
delivery suspension feature implemented in Medtronic
640G pump.
The clinical characteristics of the study participants are
provided in Table 2. Briefly, the median age was 29 years and

Table 1. Methods of insulin treatment before and during pregnancy in the study group
Treatment

Planning, n = 36 (44.4%)
Before pregnancy

During pregnancy

Not planning, n = 45 (55.6%)
Before pregnancy

During pregnancy

MDI, n (%)

6 (16.7)

3 (8.3)

31 (68.9%)

8 (17.8)

CSII, n (%)

30 (83.3)

33 (91.7)

14 (31.1%)

37 (82.2)

MDI — multiple daily injections; CSII — continuous subcutaneous insulin infusion

www. journals.viamedica.pl/ginekologia_polska
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Table 2. Clinical characteristics of the study cohort at baseline
All
(n = 81)

CSII+CGM
(n = 28)

CSII-CGM
(n = 42)

MDI
(n = 11)

p-value

Age [years], median (IQR)

29 (27, 33)

30 (27, 33)

28 (26, 33)

29 (27, 32)

0.314

Diabetes duration (years), median (IQR)

15 (9, 18)

13 (9, 19)

16 (10, 20)

12 (3, 17)

0.117

BMI before conception [kg/m2], median (IQR)

22.5 (21.0, 25.8)

21.9 (20.6, 24.5)

23.0 (21.8, 26.7)

22.9 (19.8, 24.6)

0.388

Systolic blood pressure [mm Hg], median (IQR)

125 (114, 135)

124 (110, 141)

127 (121, 134)

113 (106, 121)

0.069

Characteristic

Diastolic blood pressure [mm Hg], median (IQR)

74 (70, 80)

73 (66, 81)

75 (70, 80)

72 (70, 77)

0.770

Pre-conception HbA1c (%), median (IQR)

6.5 (6.1, 7.4)

6.2 (6.0, 7.1)

6.7 (6.2, 7.7)

6.4 (5.8, 8.0)

0.081

White’s class: B, n (%)
C, n (%)
D, R, F, n (%)

26 (32.1)
27 (33.3)
28 (34.6)

11 (39.3)
10 (35.7)
7 (25.0)

11 (26.2)
14 (33.3)
17 (40.5)

4 (36.4)
3 (27.2)
4 (36.4)

0.680

Retinopathy, n (%)

17 (21.0)

5 (17.9)

11 (26.2)

1 (9.1)

0.590

Albuminuria, n (%)
Daily insulin dose before pregnancy (U), median (IQR)

3 (3.7)

1 (3.6)

2 (4.8)

0

1.000

45 (34, 54)

45 (37, 52)

44 (34, 51)

41 (34, 63)

0.677

36 (44.4)

12 (42.9)

21 (50.0)

3 (27.3)

0.931

Pregnancy planning, n (%)

BMI — body mass index; HbA1c — glycated hemoglobin A1c; IQR — interquartile range

7
6.64
6.5

HbA1c (%)

6

6.46
6.21
6

6.04
5.58

5.5

5.43
5.34

5

p = 0.003*

5.99

5.86

5.56

5.57

5.5

5.28

5.22

p = 0.002*

p = 0.030*

p = 0.039*
MDI
CSII without CGM
CSII with CGM

4.5
4
Initial

1st trimester

2nd trimester

3rd trimester Post-pregnancy

Visit
Figure 1. HbA1c levels throughout pregnancy

T1DM duration was 15 years, without clinically significant
differences between the treatment groups. The distribution
of White’s classes was not different (p-value for differences
between treatments was 0.68). The patients before conception had predominantly normal body weight. The patients
were characterized by well-controlled diabetes, with median HbA1c level before pregnancy (and before pregnancy
planning) 6.5%. Differences between median baseline HbA1c
among treatment groups were not statistically significant
(p = 0.081).
Pregnancy planning was associated with HbA1c lower
by 0.9% at the initial visit (p < 0.001) and in the first trimester
(p < 0.001). The difference became small (0.1–0.3%) and not
statistically significant in the second and third trimester or
after delivery. To account for some of these imbalances in
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the frequency of pregnancy planning between treatment
groups, especially in the MDI group, estimated mean levels
of HbA1c in subsequent analyses are adjusted for pregnancy
planning. The HbA1c levels throughout the pregnancy are
shown and compared in Figure 1. On the first pregnancy
visit, the women using sensors had already lower HbA1c,
although the difference did not reach statistical significance
(5.6% in CGM users vs 6.0% and 6.2% in CSII and MDI groups,
respectively, p = 0.149). Women using CGM during pregnancy had the lowest HbA1c (5.3%, 5.3% and 5.2% in the
1st, 2nd and 3rd trimester, respectively). After the pregnancy,
the HbA1c increased to 5.5% within 3-6 months. In the CSII
group not using CGM, HbA1c was 5.4%, 5.6% and 5.6% in
the first, second and third trimester, respectively, increasing
to 6.0% after the pregnancy ended. The highest HbA1c was
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observed in the MDI group: 6.5%, 6.0% and 5.9% (1st, 2nd,
3rd trimester) and 6.6% during the postpartum visit. The
differences between the study groups were statistically significant: p = 0.003, p = 0.030, p = 0.039 and p = 0.002 for the
first, second and third trimesters, as well as post-pregnancy
time points, respectively.
To further explore the impact of the use of CGM during pregnancy, we compared patients who did not use
CGM against patients using CGM with and without the
automatic insulin delivery suspension. Although patients
who received pumps with PLGS had numerically (but not
significantly) higher HbA1c measured during the first visit
(5.7%) than women using CSII without this function (5.3%),
they achieved a significantly lower HbA1c (5.1%) than the
other CSII patients using (5.3%) or not using (5.6%) CGM
(p = 0.044) during the third trimester. The difference remained significant after pregnancy (5.3%, 5.6% and 6.0%,
respectively, p = 0.016).
Pregnancy outcomes are summarized in Table 3. We
did not find any significant differences in the pregnancy
duration, gestational age at delivery, birth weight (also in
an analysis limited to term pregnancies) or macrosomia risk.
A composite outcome of macrosomia and preterm birth, as
a preterm birth may be considered a proxy of macrosomia,
did not reach statistical significance (p = 0.23), although
there was numerically lower risk of this outcome among patients that used CGM (28.6% versus 45.2% in pump users and
54.5% in the MDI group). The risk of macrosomia in the study
cohort was high, 19.7%, despite good glycemic control, especially in the third trimester. There were four (4.9%) cases
of birth weight > 4,500 g. The risk of birth weight < 2,500 g
was 7.4%, without significant differences between study
groups. There were 58 caesarian sections (71.6%), with
a significantly lower rate in the MDI group (36.4% versus
69.1% in CGM non-users and 89.3% CGM users, respectively, p = 0.004). We recorded eight congenital malforma-

tions. Among them there were five cases of congenital heart
abnormalities- one case of patent foramen ovale, one case
of atrioventricular septum defect and aortic coarctation
associated with trisomy 21 and one case of benign right
ventricular hypertrophy with mild stenosis of the pulmonary valve, one case of ventricular septum defect and one
case of Fallot’s tetralogy. Other congenital malformations
concerned two genetically determined syndromes — a case
of Beckwith-Wiedemann syndrome (BWS) characterized by
an enlarged tongue, umbilical hernia, hyperplasia, neonatal
hypoglycemia and a case of multiple birth defects including
atresia of the pulmonary trunk, major aortopulmonary collateral arteries (MAPCAS), ventricular septal defect, Fallot’s
tetralogy. We recorded one case of congenital limb defect.
All pregnancies with defects were unplanned. There were
no stillbirths or early hospital deaths in the study group.
We did not observe significant differences in birth weight
or a macrosomia risk between CGM users with and without
automatic insulin delivery suspension.

Discussion
In our present study, we evaluated the role of CGM
technology in the management of T1DM in women during
pregnancy. We observed that the use of CGM was associated
with lower HbA1c levels during pregnancy and this lasted
for some time after delivery. In the third trimester, the difference in HbA1c level reached 0.4% between CSII-treated
women using and not using CGM. The CGM users compared
to women treated with MDI had a 0.7% lower HbA1c level.
These results of using CGM during pregnancy in women
with preexisting T1DM were comparable to some earlier
published data [17]. It was described in an Irish cohort that
CGM use was associated with improved glycemic control
in the third trimester and lower birth weights and reduced
risk of macrosomia. A separate observational study depicted
a similar improvement of glycemic control parameters in

Table 3. Pregnancy outcomes in the study group
Outcome

CSII + CGM
(n = 28)

CSII-CGM
(n = 42)

MDI
(n = 11)

p-value

Gestational age at delivery (years), median (IQR)

38 (38, 39)

38 (36, 39)

38 (35, 39)

0.156

Maternal weight gain [kg], median (IQR)

17 (13, 21)

16 (14, 18)

14 (11, 17)

0.239

Birth weight (g), median (IQR)

3535 (3245, 3965)

3580 (3160, 3800)

3250 (2700, 4100)

0.510

Birth weight in term pregnancies [g], median (IQR)

3585 (3300, 4000)

3730 (3340, 3940)

3515 (3195, 4135)

0.780

Preterm births, n (%)

2 (7.1)

12 (28.6)

3 (27.2)

0.084

Macrosomia (> 4,000 g), n (%)

6 (21.4)

7 (16.7)

3 (27.2)

0.710

Low birth weight (< 2,500 g), n (%)

1 (3.6)

3 (7.1)

2 (18.2)

0.276

Caesarian section, n (%)

25 (89.3)

29 (69.1)

4 (36.4)

0.004*

Birth defect, n (%)

3 (10.7)

3 (7.1)

1 (9.1)

0.870
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pregnant women with diabetes due to the use of CGM
[18]. We also observed that pumps augmented with CGM
with PLGS seemed to help women to achieve even better
glycemic control as assessed by HbA1c.
In the third trimester, the difference in HbA1c between
PLGS pump users and the users of other pumps with CGM
was 0.2% lower for PLGS users as compared to MDI and not
CGM users. Similarly, to a recently published study, we have
also shown a favorable reduction in HbA1c levels when using
an insulin pump compared to MDI [19]. We were unable to
demonstrate a reduction in glycemic variability because the
CGM was not used in the whole observed group.
With this limited sample size, we were unable to detect
significant differences in maternal or fetal complications of
pregnancy. Despite a very good glycemic control, the risk
of macrosomia (> 4,000 g) remained high reaching 19.7%.
No significant differences were seen in the risk of this complication between the study groups.
The current findings are concordant with our previous
publications [3, 12]. We were able to confirm that pregnancy planning leads to better glycemic control throughout
the pregnancy regardless of the insulin treatment regimen.
We also noted a similar risk of macrosomia (19,7%), as in our
previous publication (22.7%). It is unfortunate that despite
technological improvements and strict standards of care,
one in five pregnancies of women with T1DM results in
the delivery of a macrosomic baby. Similar results were
observed in an observational German study; they showed
higher rates of large-for-gestational-age (LGA) neonates in
the CSII-treated group vs MDI- treated group of pregnant
women with T1DM, possibly mediated by excess maternal
weight gain, which occurred more frequently in CSII users [20].
The recent results of CONCEPTT trial indicate that CGM
use is associated with a statistically significant, but relatively
small improvement in HbA1c level. It has also been shown
to improve the time in range spent on the glycemic target
[9]. CGM use was associated with a reduced risk of macrosomia, shorter hospitalization, less neonatal intensive care
admissions and a lower risk of neonatal hypoglycemia. The
widespread use of CGM during pregnancy may induce cost
savings in the healthcare system due to the reduced risk
of hyperglycemic-related complications. Women enrolled
in the trial were characterized by a higher preconception
HbA1c, as well as HbA1c during pregnancy. Similar levels of
HbA1c were recorded in an observational study in Sweden
[21], which compared a real-time and intermittent CGM
during pregnancy. In our study, HbA1c declined to levels
typically observed in non-diabetic individuals during the
second and third trimesters. This may explain the lower risk
of macrosomia observed in our study and a small number
of cases of birth weight exceeding 4.5 kg.
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In this study, we attempted to compare the use of pumps
augmented with CGM versus the use of pumps without CGM
and MDI regimen. The observational study design does not
allow for any firm conclusions, however, there was a clear
trend towards better glycemic control among the users of
insulin pumps with CGM.
There were several limitations in our study that need
to be acknowledged. First, the time frame of the study and
its sample size is limited. Subsequently, we were not able
to perform a regression analysis for important pregnancy
outcomes, such as birth weight. The study lacked power
to detect differences in infrequent complications such as
congenital malformations or deaths. Treatment allocation
was not randomized, and in the case of an MDI regimen, it
was specifically provided to women not accepting CSII for
various reasons. Such a study may be considered a hypothesis-generating one rather than providing definitive conclusions. Nevertheless, reporting real-world data, such as this
and related to the important problems of T1DM complicated
pregnancy, supplements the results of randomized clinical
trials. Another limitation of the study was the inability to
compare modern glycemic control parameters.

Conclusions
In summary, the use of pumps integrated with CGM
may improve glycemic control as estimated with HbA1c.
Despite the use of a new generation of treatment, the proportion of macrosomia remains high in T1DM complicated
pregnancies.
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ABSTRACT
Objectives: Polycystic ovary syndrome (PCOS) is a complex reproductive endocrinopathy among reproductive-aged
women and related with body mass and insulin resistance. Adipocytokines produced by adipose tissue seems to take part
in the hormonal and metabolic alterations that arise in PCOS. Fat mass and obesity associated (FTO) gene is linked with
body mass index (BMI) and diabetes.
Aims — To investigate the association between fat mass related adipocytokines and single nucleotide polymorphisms
(SNPs) (rs9939609 T/A) in the FTO gene in women with PCOS.
Study design — Cross-sectional study
Material and methods: FTO+rs9939609 gene polymorphism and serum spexin, adiponectin and leptin levels were determined in 91 PCOS women and 86 healthy controls. Study participants were subdivided according to BMI and comparisons
were made within each group.
Results: Serum spexin levels were not differed between study groups. Serum levels of adiponectin were found to be decreased in PCOS women with BMI lower than 25 kg/m2 (10.1 ± 5.6 vs 14.1 ± 9.1, p = 0.015). Serum leptin levels were elevated
in obese PCOS women compared to healthy control group (2197.9 ± 596.3 pg/mL vs 1535.9 ± 812.1 pg/mL, p = 0.001). The
prevalence of A risk allele of SNP rs9939609 was more frequent in PCOS patients than in the control group. PCOS risk was
found to increase 3 times more in AA genotype when compared with TT genotype (OR = 3.04 95% CI: 1.243–7.309; p = 0.013).
Conclusions: Serum adiponectin and leptin levels may serve as independent markers for PCOS diagnosis. Moreover, the
FTO+rs9939609 gene polymorphism increase susceptibility to PCOS development independent from serum adipocytokine levels.
Key words: PCOS; FTO gene polymorphism; spexin; adiponectin; leptin
Ginekologia Polska 2021; 92, 10: 682–688

INTRODUCTION
Polycystic ovarian syndrome (PCOS) is a common
and serious cause of infertility which affects nearly five
to ten percent of women of childbearing age across the
World [1]. Although the clinical reflection of the disease
can be variable, diagnostic characteristics commonly
involve clinical complaints including menstrual irregularities
that range from amenorrhea to menorrhagia, increased
androgen secretion and/or polycystic ovaries [2]. In this
context, the phenotypic expression varies in PCOS patients
depending on whether the patient is lean, obese or having
insulin resistance (IR) and increased adipokine expression
regardless of the patient’s body mass index (BMI) [3, 4].

There has been growing evidence that shows genetic
aberrations also contribute to disease development by
inducing immune and autoimmune responses [5, 6].
Recently, more than one hundred candidate genes have
been identified regarding the possible relationships
between PCOS and single nucleotide polymorphism (SNP),
for instance body mass and genetic variants of obesity
associated (FTO) gene [7, 8]. The human FTO is a very large
gene that is positioned on chromosome 16q12.2 with
an extensive expression range in many human tissues [9].
Recent studies demonstrated that the FTO gene expression
is strongly related with obesity by its impact on feeding
behavior and energy expenditure [10, 11]. However, data
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regarding these associations and the pathophysiologic
mechanisms underlying them needs further clarification.
Central obesity is the cornerstone of a variety of
metabolic disorders, such as IR and coronary atherosclerosis
and is an important element of metabolic syndrome. It has
been suggested that dysregulation of adipocytokines is
partly responsible for this obesity associated metabolic
disorders [11]. Being a disease related with IR and central
obesity, the role of adipose tissue adipocytokines has been
implicated to play important roles in the pathogenesis of
PCOS in the recent years.
Adipocytokines are proteins that have hormone like
functions and secreted by the adipocytes in the adipose
tissue [12]. The most significant physiological functions of
adipose tissue are the regulation of physiological processes such as immune responses, reproduction, and energy
hemostasis [4]. Adipocytokines that are expressed by the
adipocytes consists of adiponectin, leptin, spexin, apelin,
omentin, resistin, progranulin and chemerin. Adiponectin
and leptin are two important adipocytokines and both have
an effect on obesity, cardiovascular disease, type 2 diabetes
mellitus and IR [13]. Adiponectin is an anti-inflammatory
cytokine that regulates glucose and fatty acid metabolism,
thus inversely related with the adipocyte mass and visceral
adiposity. Leptin is a peptide hormone with neuroendocrine function that regulates in the energy homeostasis
with having a key function in the peripheral regulation
of food intake and energy expenditure and thereby IR
[14, 15]. Spexin is a neuropeptide identified by a hidden
Markov model based on a computational method in order to detect novel biologically active peptides [16, 17].
Although, there is growing evidence on the existence of
spexin gene expression in the adrenal cortex, kidney, liver,
visceral fat and pancreas, very little is known about the association between ovaries and spexin expression.
As far as we know, no study in the literature has investigated the circulating spexin levels in PCOS women.
Furthermore, the potential relationships of spexin and two
other adipocytokines with body mass and associated metabolic disorders have not been well-examined. This study is,
therefore, aimed to investigate the relationships between
spexin, adiponectin, leptin and obesity associated metabolic disorders and FTO rs9939609 gene polymorphism in
PCOS women.

MATERIAL AND METHODS
Study design and subjects
This cross-sectional study was conducted from August
2017 to September 2018 at the Canakkale University Hospital
in Canakkale, Turkey. All participants attending to the
Department of Obstetrics and Gynecology of COMU hospital
with a diagnosis of PCOS were invited to participate in the

study. The exclusion criteria included previous systemic,
metabolic or endocrine disorders. Moreover, patients
with thyroid disorders and arterial hypertension [systolic
blood pressure (SBP) ≥ 140 mmHg and/or diastolic blood
pressure (DBP) ≥ 90 mmHg] prior to use of oral contraceptive
agents; severe lipid profile abnormalities with/or without
antihyperlipidemic drugs; or prescription of gonadotropinreleasing hormone agonists or antagonists, glucocorticoids,
or antidiabetic drugs within the previous three months were
also considered as exclusion criteria for the present study.
All study participants gave written informed consent,
and the study was approved by the Canakkale University Human Research Ethics Committee (approval number:
2017-15). PCOS diagnosis was done based on the revised
criteria of Rotterdam 2003. According to this consensus report, the diagnosis of PCOS can be considered after suitable
clinical, laboratory and ultrasound criteria are fulfilled. The
presence of at least two of the following three features are
thought to be suitable for the exact diagnosis: oligomenorrhea or amenorrhea longer than 6 months, clinical and/or
biochemical indicators of high levels of androgens, and
finally, polycystic ovaries (≥ 12 follicles) and/or increased
ovarian volume (> 10 cm3) which is identified by ultrasonographic examination.
Healthy controls were recruited from the Gynecology
and Obstetrics clinic of Canakkale University Hospital.
The control group consisted of 86 healthy, age-matched,
normally ovulating women without any systemic or
hormonal disorders. None of the controls were hirsute, all
had regular menstrual cycle, and all had normal ovaries on
ultrasonographic examination. Moreover, the volunteers in
the control group had no clinical evidence of acne, hirsutism,
male pattern alopecia, or any other endocrine disorder.
For each patient, height and weight were recorded in
indoor clothing with no shoes. BMI was calculated as weight
in kilograms divided by height squared (m2).

Biochemical analyses
Between days 3–5 of a spontaneous menstrual cycle,
a 6-mL fasting blood sample for hormonal and biochemical analysis and a 4-mL fasting blood sample for genotyping examination were drawn from the antecubital vein of
each subject. The samples for biochemical analysis were
subjected to centrifugation at a speed of 4,000 rounds per
minute for 10 min at 4°C to obtain serum and stored for
analysis at –80°C. Routine biochemical analysis and hormone profiles including fasting glucose, fasting insulin, prolactin, estradiol, luteinizing hormone (LH), follicle stimulating
hormone (FSH), thyroid stimulating hormone (TSH), and
total testosterone were measured for all participants. Biochemical tests were analyzed spectrophotometrically, using
the Roche Diagnostic kits on the Cobas c501 auto-analyzer
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(Roche Diagnostics, Indianapolis, USA). Hormone tests were
measured with the original Roche Diagnostic kits on the
Cobas e601 using the electrochemiluminescence immunoassay method (Roche Diagnostics, Indianapolis, USA).
IR was assessed by the Homeostasis Model of Assessment
— Insulin Resistance (HOMA-IR) index [18].

Spexin, adiponectin and leptin measurement
Serum Spexin (EH4349, Fine Test, Wuhan, China), adiponectin (EH2593, Fine Test, Wuhan, China) and leptin
(EH0216, Fine Test, Wuhan, China) concentrations were
measured with an ELISA kit. Leptin and Spexin results were
expressed as nanograms in per liter (pg/L) of serum. Adiponectin results were expressed as picograms in per liter
(ng/L) of serum. The intra-assay and inter-assay coefficients
of variations were <8% and <10% for all parameters, respectively.

Genotyping
PCOS patients and healthy controls were genotyped at
the Department of Medical Biology of Canakkale Onsekiz
Mart University. The venous blood samples of both patients
and control groups were collected in vacuum collection
tubes containing EDTA. The Genomic DNA extracted from
peripheral blood sample of all study participants and the
assessment was done according to manufacturers’ recommendations (Thermo Fisher Scientific, USA). DNA purity
and concentration were calculated at 260/280 nm by UV
spectrometer.
Single nucleotide polymorphism (SNP) rs9939609 (A/T) of
FTO was genotyped directly by melting curve analyses. Briefly,
real time polymerase chain reaction (PCR) was performed for
each sample in a total volume of 10 µL PCR reaction mixture
that consisted of 50 ng of genomic DNA, 5 μL of SYBR® Green
Realtime PCR Master Mix (Analytic-Jena, Germany), and
0.4 μL of each primer (10 pmol/μL) filled with PCR-grade
water. The PCR cycling protocol included initial activation
at 95°C for 3 minutes, 40 cycles of denaturation at 95°C for
5 seconds, annealing at 60°C for 20 seconds, and extension
at 72°C for 15 seconds. Melting curve analyses following PCR
were performed to determine mutant, heterozygous, and
wild-type genotypes.

Statistical analyses
Statistical Package for Social Sciences (SPSS) for
Windows 19.0 (SPSS for Windows, SPSS, Chicago) was used
for data analysis. Biochemical and hormonal parameter
data are presented as mean ± SD for normally distributed
variables. The normality of numeric variables was checked
by Kolmogorov-Smirnov test. Independent sample t test was
used to compare the numeric variables that were normally
distributed and Mann-Whitney U test was used to compare
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the variables that non-normally distributed. Spearman’s
correlation coefficient analyses were performed between
spexin, adiponectin and leptin with other biochemical and
hormonal parameters, and p-value < 0.05 was considered
statistically significant. Gene-counting method was used
to calculate allele and genotype frequencies. Genotype
associations and relative risk assessments were done via
odds ratio (OR) by using the Armitage trend test.

RESULTS
The demographic and biochemical characteristics of
the study participants are summarized in Table 1. Although,
mean age of PCOS patients and controls were similar
(26.5 ± 6.2 vs 28.8 ± 7.2, p = 0.050), PCOS women had
a greater BMI (26.0 ± 5.3 vs 24.1 ± 4.4, p = 0.008) than the
healthy women. A statistically significant increase was
observed in body weight, insulin levels and HOMA-IR status
in PCOS patients compared to controls. Moreover, PCOS
patients had a significant increase in LH, total testosterone,
and TSH levels (Tab. 1).
Serum spexin levels were similar in PCOS women. Although serum levels of adiponectin were decreased in
women with PCOS either in obese (10.2 ± 6.7 ng/mL vs
13.5 ± 8.2 ng/mL, p = 0.303) or normal weight PCOS women
(10.1 ± 5.6 ng/mL vs 14.1 ± 9.1 ng/mL, p = 0.015), a statistical significance was observed only in normal weight
PCOS subjects. Serum leptin levels were found to be increased in obese PCOS patients compared to controls
(2197.9.3 ± 596.3 pg/mL vs 1535.9 ± 812.1 pg/mL, p = 0.001)
(Tab. 1).
We explored potential correlations among serum
spexin, adiponectin and leptin levels with other demographic, hormonal and clinical characteristics in PCOS
patients. No significant correlation was observed between
these parameters in PCOS patients except for spexin and
adiponectin in BMI < 25 kg/m2 PCOS group (r = 0.356,
p = 0.021) (Tab. 2).
The correlation of FTO+ rs9939609 polymorphism
with PCOS was examined by comparing PCOS patients
with healthy volunteers. The distribution of the genotypes in the PCOS group were as follows: out of 91 cases, 29 were determined to have the wild (TT) genotype,
41 the heterozygous genotype (AT), and 21 the mutant
genotype (AA). The wild allele frequency (T allele)
for FTO+rs9939609 polymorphism was calculated as
0.53 ± 0.039 among PCOS patients, and the PCOS population
was found to deviate from the Hardy-Weinberg equilibrium
(HWE) (χ²: 0.047; p-value: 0.224). The wild allele frequency
(T allele) for FTO+ rs9939609 polymorphism was calculated
as 0.66 ± 0.037, and none of the variants were found to
deviate from the HWE in the control group (χ²: 0.046;
p-value: 0.829) (Tab. 3).
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Table 1. Demographic characteristics and laboratory values of study participants
Normal weight subjects (BMI < 25 kg/m2)

All participants

Overweight subjects (BMI ≥ 25 kg/m2)

PCOS
(n = 91)

Controls
(n = 86)

p

PCOS
(n = 42)

Controls
(n = 56)

p

PCOS
(n = 49)

Controls
(n = 30)

p

Age
[years]

26.5 ± 6.2

28.8 ± 7.2

0.050

25.7 ± 5.5

27.1 ± 6.3

0.424

27.1 ± 6.7

31.8 ± 7.7

0.007

Weight
[kg]

70.3 ± 14.6

64.7 ± 11.4

0.005

58.9 ± 7.2

58.6 ± 6.5

0.859

80.1 ± 11.9

75.9 ± 10.1

0.116

BMI
[kg/m2]

26.0 ± 5.3

24.1 ± 4.4

0.008

21.7 ± 2.4

21.5 ± 2.1

0.528

29.7 ± 4.0

28.9 ± 3.4

0.446

Glucose
[mg/dL]

93.8 ± 13.8

93.5 ± 17.4

0.792

92.6 ± 12.6

90.9 ± 13.1

0.778

94.8 ± 14.9

98.4 ± 22.8

0.812

Insulin
[μIU/mL]

12.8 ± 9.0

8.2 ± 5.5

0.0001

9.9 ± 7.1

7.8 ± 5.4

0.057

15.2 ± 9.9

9.1 ± 5.7

0.001

HOMA-IR
[%]

2.9 ± 2.1

1.9 ± 1.4

0.0001

2.3 ± 1.8

1.8 ± 1.3

0.051

3.4 ± 2.2

2.3 ± 1.5

0.008

TSH
[μIU/mL]

2.4 ± 1.1

2.2 ± 1.2

0.043

2.4 ± 1.1

2.2 ± 1.3

0.101

2.5 ± 1.1

2.3 ± 0.9

0.379

FSH
[mIU/mL]

5.9 ± 1.9

5.3 ± 2.2

0.056

6.1 ± 1.9

5.1 ± 2.0

0.009

5.7 ± 1.9

5.8 ± 2.4

0.854

LH
[mIU/mL]

7.8 ± 2.9

6.4 ± 3.9

0.001

7.9 ± 2.7

6.1 ± 3.8

0.003

7.8 ± 3.1

6.9 ± 4.4

0.189

TT
[pg/mL]

0.4 ± 0.2

0.3 ± 0.1

0.0001

0.3 ± 0.2

0.3 ± 0.1

0.082

0.4 ± 0.2

0.3 ± 0.2

0.002

Spexin
[ng/mL]

10.5 ± 9.2

12.6 ± 9.8

0.085

8.9 ± 6.4

12.4 ± 10.5

0.452

11.9 ± 10.9

12.9 ± 8.3

0.303

Adiponectin
[ng/mL]

10.2 ± 6.2

13.9 ± 8.8

0.002

10.1 ± 5.6

14.1 ± 9.1

0.015*

10.2 ± 6.7

13.5 ± 8.2

0.056

1874.2 ± 902.3

1670.8 ± 786.1

0.112

1646.5 ± 602.9

1743.0 ± 769.5

0.112

Leptin
[pg/mL]

2197.9.3 ± 596.3 1535.9 ± 812.1

0.001

BMI — body-mass index; HOMA-IR — homeostatic model assessment of insulin resistance; TSH — thyroid stimulating hormone; FSH — follicle-stimulating hormone;
LH — luteinizing hormone; TT — total testosterone

Table 2. Correlation between serum spexin, adiponektin and leptin levels with biochemical and hormonal parameters
PCOS patients (BMI < 25 kg/m2)
Spexin
BMI [kg/m2]

Adiponectin

Controls (BMI ≥ 25 kg/m2)
Leptin

Spexin

Adiponectin

Leptin

r

p

r

p

r

p

r

p

r

p

r

p

–0.110

0.489

–0.003

0.987

0.172

0.277

0.045

0.759

0.189

0.192

0.396

0.005

HOMA-IR [%]

0.053

0.740

–0.097

0.541

0.028

0.861

0.095

0.515

0.031

0.835

0.161

0.269

TSH [μIU/mL]

–0.052

0.743

0.062

0.696

–0.097

0.543

–0.003

0.986

–0.055

0.709

–0.022

0.881

FSH [mIU/mL]

0.051

0.750

–0.110

0.486

0.185

0.241

0.139

0.342

0.069

0.639

–0.080

0.586

LH [mIU/mL]

–0.009

0.953

–0.218

0.166

0.087

0.585

–0.009

0.953

0.022

0.883

–0.023

0.878

TT [pg/mL]

0.038

0.812

–0.105

0.514

–0.072

0.655

–0.105

0.489

–0.340

0.051

0.083

0.584

Estradiol

0.023

0.886

0.174

0.271

0.098

0.536

0.119

0.416

0.148

0.310

–0.241

0.096

Spexin [ng/mL]

–

–

0.356

0.021

0.529

0.526

–

–

0.143

0.326

0.210

0.148

Adiponectin [ng/mL]

–

–

–

–

0.194

0.217

–

–

–

–

–0.067

0.648

Leptin [pg/mL]
BMI — body mass index; HOMA-IR — homeostasis model assessment of insulin resistance; TSH — thyroid stimulating hormone;FSH — follicle-stimulating hormone;
LH — luteinizing hormone; TT — total testosterone
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Table 3. Distributions of genotype and carriage rate of FTO promoter region polymorphisms in patients with PCOS and healthy controls
Tests for deviation from
Hardy-Weinberg equilibrium

FTO
rs9939609

SNP

Controls

PCOS

nTT = 38 (37.56)
nAT = 38 (37.89)
nAA = 10 (9.56)
f_a1 = 0.66 ± 0.037
F = 0.0234
p = 0.829 (Pearson)
p = 0.829 (Llr)
p = 0.81 (Exact)

nTT = 29 (26.1)
nAT = 41 (45.8)
nAA = 21 (20.1)
f_a1 = 0.53 ± 0.039
F = 0.1267
p = 0.224 (Pearson)
p = 0.224 (Llr)
p = 0.216 (Exact)

Tests for association (95% CI)
Allele freq.
Difference

Heterozygous

[T]<–>[A]

[TT]<–>[AT]

Odds_ratio = 1.74
C.I. = [1.131–2.675]
chi2 = 6.4
p = 0.0114 (P)

Odds_ratio = 1.417
C.I. = [0.733–2.736]
chi2 = 1.08
p = 0.299

Allele Positivity

Armitage’s
trend test

[TT]<–>[AA]

[TT]<–>[AT+AA]

Common OR

Odds_
ratio = 3.014
C.I. = [1.243–7.309]
chi2 = 6.18
p = 0.0129

Odds_
ratio = 1.756
C.I. = [0.95–3.244]
chi2 = 3.26
p = 0.071

Odds_
ratio = 1.705
chi2 = 5.84
p = 0.0157

Homozygous
Risk allele T

OR — odds ratio; CI — confidence interval

Table 4. Serum Spexin, Adiponectin, Leptin and body mass index levels of polycystic ovarian syndrome patients and controls with different genotypes of
FTO gene polymorphism
Control Group (n = 86)

PCOS patients (n = 91)

AA (n = 10)

AT (n = 38)

TT (n = 38)

Total

Spexin [ng/mL]

11.27 ± 8.01

10.62 ± 6.49

14.794 ± 12.35

Adionectin [ng/mL]

12.25 ± 7.13

12.83 ± 8.33

15.09 ± 9.55

Leptin [pg/mL]

AA (n = 21)

AT (n = 41)

TT (n = 29)

Total

p

12.61 ± 9.76

11.92 ± 8.29

9.65 ± 8.36

10.89 ± 10.91

10.54 ± 9.20

0.143

10.15 ± 6.15

11.122 ± 7.33

9.85 ± 5.74

10.22 ± 6.18

13.88 ± 8.76

0.471

1591.1 ± 639.5 1698.0 ± 877.8 1697.9 ± 724.8 1670.8 ± 786.1 1913.6 ± 1062.3 1820.0 ± 897.3 1867.3 ± 823.5 1874.2 ± 902.3

0.21

BMI [kg/m2]

23.99 ± 5.18

24.69 ± 4.10

23.61 ± 4.63

24.09 ± 4.43

26.55 ± 6.69

25.71 ± 4.95

25.84 ± 4.44

26.01 ± 5.25

0.80

HOMA–IR

1.71 ± 1.84

1.84 ± 1.11

2.11 ± 1.50

1.93 ± 1.38

3.25 ± 2.63

2.84 ± 2.23

2.57 ± 1.17

2.88 ± 2.06

0.62

BMI — body mass index; PCOS — polycystic ovarian syndrome

Genotype distribution in the control group was as follows: out of 86 cases, 38 had the wild (TT) genotype, 38 had
the heterozygous genotype (AT), and 10 had the mutant
genotype (AA). The frequency of the A-allele carriers on
rs9939609 was significantly increased in PCOS cases compared with healthy controls (46,6% vs 33,5% respectively,
p = 0.01). The present data indicates that the conversion of
a T allele to A in PCOS cases (allele frequency differences)
increased PCOS risk 1.74 times when compared the general
healthy women population [OR = 1.74; CI = (1.131–2.675);
χ² = 6.40, p = 0.0114] (Tab. 3). When homozygous genotypes
compared each other’s PCOS patients with AA genotype
increase the risk approximately three times more than wild
type genotype [TT vs AA genotype, OR = 3.014, CI = (1.24–
–7.31); χ² = 6.18, p = 0.013]. Furthermore, rs9939609 was
found significantly associated with PCOS under a recessive
model [OR = 2.5; CI = (1.11–5.62); p = 0.027].
No significant difference was observed in PCOS women
in respect to serum spexin, adiponectin and leptin levels in
carriers of the genotypes of FTO+ rs9939609 polymorphism
(p > 0.05 for all). In the healthy controls, serum spexin, adiponectin and leptin levels in carriers of genotypes TT, AT,
and AA of FTO rs9939609 polymorphism were also not
significantly different (Tab. 4).
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DISCUSSION
PCOS is associated with gradual weight gain, obesity
and development of metabolic syndrome with dyslipidemia
and IR. In this context, adipocytokine dysregulation
and genetic aberrations are common features of PCOS
and these alterations are usually secondary to obesity,
hyperandrogenism, and/or hyperinsulinemia. Our findings
in the present study strongly support these observations
indicating that serum adiponectin and leptin levels
are affected in PCOS patients depending on the BMI
status. Serum spexin levels did not differ between study
groups. No significant correlation observed between serum
spexin levels and other two adipocytokines except for
adiponectin in PCOS patients with BMI < 25 kg/m2.
Our finding that spexin concentration did not vary significantly between obese and lean PCOS patients vs healthy
controls is of great value because there is no study in literature depicting the role of spexin in PCOS patients. Moreover, we could not identify any relation between circulating
spexin and other metabolic or hormonal characteristics,
including body composition or IR. Spexin is a novel peptide
hormone that was first identified by Mirabeau et al. [16], by
using an approach based on hidden Markov model. It has
been shown to be involved in weight regulation with poten-
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tial for obesity treatment and has been demonstrated to be
expressed in a variety of body organs and tissues [17, 19, 20].
The finding of spexin levels that were not affected from BMI
levels of study participants is not an expected result according to the literature. It is expected that the spexin level must
be higher in obese cases because it is produced in fatty tissue. So, it can be proposed that similar spexin levels in PCOS
cases irrespective from BMI status have a different etiologic
mechanism. In a recent study by Chen et al. [21], it has been
demonstrated that serum spexin levels are decreased in
obese subjects and was negatively correlated with insulin
resistance. Similarly, Al-Daghri and colleagues [17] demonstrated that low serum levels of spexin are slightly related
with components of metabolic syndrome.
In this study, we also demonstrated that PCOS women
have low levels of adiponectin and this finding is dependent
on BMI. Therefore, the outcomes of the present study support
the current knowledge indicating that a link exists between
PCOS and decreased serum adiponectin levels. Apart from being an exclusive product of adipocyte cells, adiponectin plays
a significant role in different physiological and pathological
processes including inflammation, metabolic syndrome and
atherosclerosis [22, 23]. Thus, obesity is an essential characteristic of PCOS, which can decrease the quantity of adiponectin
by modifications in the expression of adiponectin receptors
and diminishes the adiponectin sensitivity. Therefore, decreased serum levels of adiponectin among the overweight
patients with PCOS were mainly ascribed to the coexistence
or interaction between PCOS and obesity [23]. Contrary to
these findings Panidis et al. [24], demonstrated that adiponectin levels were only lower in overweight/obese patients with
PCOS compared to healthy non-obese PCOS patients. Therefore, authors suggested that adiponectin might not have
a significant role in PCOS pathogenesis.
We found significantly increased serum leptin levels
in PCOS women compared to healthy controls. There are
different studies in literature reaching varied conclusions
where both high concentrations and unchanged levels of
leptin in PCOS patients have been determined [23, 25–27].
Daghestani et al. [27], reported no significant difference between PCOS and controls in terms of leptin levels. But similar
to our findings, Mitkov et al [28], Pekhlivanov et al. [29], and
Yang et al. [30], reported increased leptin levels in PCOS patients. Therefore, it can be suggested that with having a dual
effect on reproduction, elevated serum leptin levels may
have a pathophysiological role in PCOS development [27].
As mentioned above, the association between
PCOS and different kind of adipocytokines has been
well documented in literature, but the relation between
FTO+ rs9939609 variant and these variables has not been
well studied. In this context, this study also explored wheth-

er FTO gene polymorphism influences PCOS development
or if there is a possible association between circulating adipocytokines and FTO rs9939609 variant. We found that the
variant allele of FTO rs9939609 was related with PCOS development. Our finding is in line with the research findings of
Li et al. [31], in which the authors designed a two-phase trial
consisting 3599 PCOS women and 3082 healthy controls.
As a result, they have demonstrated that FTO rs9939609 variant is associated with Chinese PCOS women irrespective
from the existence of obesity. A recent meta-analysis by Liu
et al. [32], also confirmed these findings and demonstrated
that rs9939609 A/T polymorphism of FTO gene is related
with increased risk of PCOS development, and that A allele is a risk factor for PCOS susceptibility simultaneously.
Although, the function, the involved biological pathways
and the mechanism by which the FTO rs9939609 variant
affects body size and predicts the risk of PCOS is still indefinite, this association is more likely to be explained by
increased adiposity. Unfortunately, we are unable to demonstrate the association between FTO rs9939609 variant
with BMI and circulating adipocytokines, which could be
due to inadequate power of the study.
It is crucial to recognize some limitations associated with
the present study that could potentially offer a platform for
future studies. First, the serum adipocytokine levels may
not reflect all events associated to adipocytokines. It would
have been noteworthy to measure inflammation markers
simultaneously given that PCOS and obesity are associated
to long-standing low-grade inflammation. Second, due to
relatively small size of study population large-scale studies
are required to confirm the association between FTO SNPs
and PCOS susceptibility.

CONCLUSIONS
In conclusion, we demonstrated lower levels of adiponectin, increased levels of leptin and unaltered spexin
levels in PCOS patients. Moreover, we reported that single
nucleotide polymorphisms (SNPs) in the FTO gene modify
PCOS risk and does not appear to be influenced by IR status
or obesity.
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ABSTRACT
Objectives: The aim of this study is to present a novel approach for a paravaginal defect treatment. This extraperitoneal
approach can be performed in patients with comorbidities and on obese patients. The main advantages are: not requiring
the pneumoperitoneum and the Trendelenburg position and the avoidance of peritoneal adhesions.
Material and methods: This study presents the results in 27 patients with cystocele caused by a lateral defect pelvic organ prolapse quantification (POP Q) stage II or higher. The procedure was performed with a modified Richardson and Burch
technique using a preperitoneal approach. Three follow-up examinations were conducted two, six weeks, and six months
after the operation. A quality of life assessment was conducted before and after surgery using the short form of the PFIQ‐7.
Results: All patients had a POP Q II cystocele and 59% had concomitant stress urinary incontinence. In all patients cystocele was reduce to asymptomatic POP Q stage I or 0. Mean operation time was approximately 80 minutes. In six months
post-operation follow up, one case of recurrence was noted. The patients’ quality of life revealed a statistical improvement
from an average of 6.8 points before, to an average of 0.7 points after the operation (p < 0.05) in the PFIQ-7.
Conclusions: Preperitoneal laparoscopic lateral repair is a relatively fast procedure and it is also feasible for obese women
and for patients with a cardiopulmonary risk. Neither the Trendelenburg position nor the pneumoperitoneum are required.
Postoperatively, the patients witnessed a reduction of the cystocele and complaints connected with their previous condition.
Key words: lateral defect; Richardson operation; paravaginal repair; Burch operation; preperitoneal approach
Ginekologia Polska 2021; 92, 10: 689–694

INTRODUCTION
Upon vaginal examination pelvic organ prolapse (POP)
can be detected in up to 50% of women and 3–6% have
symptoms related to POP [1]. The primary objective of prolapse surgery is the re-establishment of the pelvic floor
anatomy, restoration of the physiological functions of both
the bladder and rectum and the recovery of sexual functions.
The cause of a paravaginal defect in the anterior compartment, and level II according to de Lancey’s classification [2],
is the detachment of the vesicovaginal fascia from the arcus
tendineus fasciae pelvis. During a gynecological examination using Kristeller speculas, a case of cystocele caused by
a lateral defect is seen as a prolapse of the anterior vaginal
wall with the preservation of the vaginal rugae. This defect
accounts for 60 to 80% of anterior compartment prolapse
[3]. The most typical complaints are discomfort, the sensation of a foreign body and pollakisuria. The patients also
frequently suffer from recurrent urinary tract infections

connected to urinary retention despite pharmacological
treatments, accompanied by urge symptoms.
Richardson et al. [4] first described the anatomy and developed the initial abdominal technique to repair this paravaginal defect. The laparoscopic approaches currently in use
have success rates ranging from 60 to 89% [5]. Until now,
the literature has described a transperitoneal laparoscopic
approach. Trendelenburg positioning and pneumoperitoneum are required in order to perform such an operation.
Consequently this procedure cannot be performed on many
patients with cardiopulmonary risk factors.
Richardson [4] also demonstrated the causality of stress
urinary incontinence due to a paravaginal defect. Thus, it is
common to perform a lateral repair procedure along with
the Burch operation. When dealing with a level II defect of
pelvic organ prolapse, it should be noted that it commonly
occurs along with a level III defect, which causes urinary
stress incontinence [6]. However, when there is a level III
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defect along with a level II defect due to urethra kinking
it can also mask urinary stress incontinence. It would be
revealed, if a Burch operation is not performed simultaneously with the lateral repair procedure.
During the modified Richardson procedure the lateral
vaginal wall is lax sutured to the pectineal ligament on the
pubic bone which results in the adherence of the vaginal
wall to its damaged attachment on the arcus tendineus. The
Burch operation is also performed to attach the pubourethral ligaments under the urethra to the pubic bone. The
whole procedure is performed without tension. The main
process leading to recovery and the re-establishment of the
anatomy is the creation of scar tissue between the vaginal
wall and arcus tendineus.
Currently, the most common approach for paravaginal
repair is the laparoscopic transperitoneal approach. Several
papers, however, have described a preperitoneal approach
for the Burch procedure [7, 8]. Taking this into consideration, the authors have developed a novel extraperitoneal
technique for paravaginal repair. More accurately, we call it
a preperitoneal approach.
When assessing the patient’s suitability for this procedure scarring in the abdominal wall is a relative contraindication. The most common procedures which might potentially
create difficulties are cesarean sections and an open appendectomy. Scarring after these procedures can complicate
the preparation to such a degree that the preperitoneal
approach is not feasible and perforation of the peritoneum
leads to the transperitoneal approach being used instead.
Presented here is a novel approach to paravaginal repair
by using an extraperitoneal (preperitoneal) route. Based
on indications and results, this approach might be a viable
option for premenopausal women with a cystocele with
a lateral defect. It can also be considered for elderly women
who have the same defect instead of using anterior mesh
implantation. A modified Burch procedure was included
as a part of this operation and performed regardless of the
complaints of urinary stress incontinence.

MATERIAL AND METHODS
The study presented here was approved by the local IRB.
Patients were recruited from March 2017 to March 2019.
The patients were examined by two surgeons using
the Pelvic Organ Prolapse‐Quantification (POP‐Q) assessment [9]. The inclusion criteria was a symptomatic anterior
wall prolapse caused by lateral defect stage POP Q 2 or
higher both with and without urethrocele. Exclusion criteria
were: a history of previous pelvic surgery or vaginal surgery, genital or abdominal cancer, previous sling operations,
patients with concomitant apical defect stage > POP Q I,
rectocele or enterocoele, or preoperative post-void residual
urine > 50 mL.
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A quality of life assessment was conducted before surgery and six weeks after using the short form of the Pelvic
Floor Impact Questionnaire (PFIQ‐7) [10]. This form evaluates
the influence of the disorder on a woman’s social life as connected to her urinary tract (UIQ‐7), bowel or rectal (CRAIQ‐7),
and vaginal or pelvic (POPIQ‐7) symptoms.
The patients were informed both verbally and in writing of the different procedures including both intra- or
extraperitoneal approaches. They were informed that the
planned extraperitoneal approach would be substituted for
a different operation in the case of perforation of the peritoneum or in the case of straitened preperitoneal preparation.
Before discharge, the postvoid residual (PVR) volume of
urine was measured by vaginal ultrasound in patients who
reported difficulty during micturition [11].
In cases of post-void residual urine over 80 mL PVR was
checked again after one week. In cases of post-void residual
urine over 200 mL a Foley catheter was inserted for 3 or
4 days. Further management depends on the chronicity of
the retention.
Obese women were also included in the present study
and as a means of classifying obesity the Body Mass Index
(BMI) was used (BMI above 30) [12].

Preoperative considerations
Before hospital admission every patient was instructed
regarding NPO [13].
The patients were allowed to eat up to six hours and
drink clear liquids up to two hours before surgery as a means
to prevent complications connected with aspiration X.
Compression stockings were worn during the operation.

Operation
A subumbilical incision is made in the skin. After creating
a tent by the operating surgeon and assistant holding the
abdominal wall, a trocar is introduced parallel to the skin
so that the surgeon can stay in the preperitoneal layer. The
preperitoneal space is now filled with CO2 and a camera
is inserted. More blunt preparation is carried out by using
the camera and after this preparation three more trocars
are introduced. The trocars are placed on both sides of the
abdominal wall, two on the left side of the patient (10 mm
and 5 mm trocars) for the surgeon, and one on the right
side (5 mm trocar) for the assistant. The air pressure is set to
12 mm Hg with an air flow rate of 6 mL/sec. The patient position stays horizontal without Trendelenburg positioning.
It should be noted here that the preparation is quite
simple even in obese women because the distribution of fat
is small in the preperitoneal space, thus making it feasible
even for overweight women. The retropubic space is now
enlarged and the bladder moved medially to reach the vaginal wall. When the vaginal wall is reached, a non-resorbable
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braided 0 suture, 15 cm long is introduced into the retropubic cavity. The surgeon inserts the left forefinger into the
vagina and with this finger moves the vaginal wall closer to
the pubic bone and with the right hand places the suture in
such a way as to have control of the vaginal wall while ensuring not to perforate it. After the placement of this suture the
surgeon changes gloves and an assistant holds the vaginal
wall close to the pubic bone so that the suture can be tied
without tension (Fig. 1). The vaginal wall is sutured to the
medial part of Cooper’s ligament with two non-resorbable,
braided 0 sutures. This type of suture results in the vaginal
wall contacting the arcus tendineus (Fig. 2). The next suture
is placed paraurethral under the middle aspect of the urethra. This is a modification of the Burch operation in which
two sutures are used. The Burch suture is placed under low
to medium tension so that there is no hypercorrection. The
appearance of the sutures after the operation resembles
the lines of a hammock. The procedure is now repeated on
the other side (Fig. 3). After hemostasis is achieved Redon
drain is placed in the preperitoneal space and all of the instruments and trocars are removed. The incisions are closed
with resorbable, monofilament 4–0 sutures.

follow-up examinations measuring urine retention are usually conducted two weeks, six weeks and six month after
the operation.
The patient is asked not to lift or carry heavy objects
and should also refrain from doing any hard work for approximately 6 weeks after the operation. The patient is also
shown the correct position to sneeze or cough with the
head turned as far as possible to the left or right side of the
body for a better distribution of pressure to protect the
reconstructed pelvic floor [14].

RESULTS
All of the 27 patients had a mean age of 43 (31–57), 89%
were premenopausal, with a level II lateral defect in anterior
compartment (cystocele). Three obese women (BMI over
30) were included in this study (Tab. 1). Fifty-nine percent
complained of stress urinary incontinence. This complaint

Postoperative considerations
The patient can drink fluids immediately after the operation and eat after approximately 4–6 hours. Thromboprophylaxis is achieved with low-weight heparin and compression stockings. Patient mobilization can take place in
the evening of the day of the operation while the bladder
catheter is usually kept in place until the next morning.
The patient can be discharged the following day. Three

Figure 2. Vaginal wall fixed to the arcus tendineus fasciae pelvis

Figure 1. Fixation of the vaginal wall to the arcus tendineus fasciae pelvis

Figure 3. Lax fixation of the paraurethral area — modified Burch suture
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Table 1. General characterisctics of the study group / Demographic
and medical description of the study population
Number of patients

n = 27

Age/Age range

Mean 43 years/31–57 years

BMI/BMI range value

Mean 25/17–34

BMI > 30

3 (11.1%)

Smoking

6 (22%)

Premenopausal

24 (89%)

Parity/Parity range

Mean 2/1–3

Weight of biggest child/range

Mean 3680 grams/2700–4700 grams

Family POP history

11 (40.7%)

BMI — body mass index

Table 2. Post Operative Complications
Number of patients

n = 27

Operating time/range

Mean 80 minutes/
/55–130 minutes

postoperative pain till 14 days

1 (3.7%)

Urine retention (> 100 mL after voiding)

2 (7%)

POP recurrence (6 month observation time)

1 (3.7%)

was confirmed in a cough test. After the operation the lateral
defect was reduced to POP Q 0 or I in all patients. In this type
of operation is important to forestall hypercorrection which
can lead to urine retention. Using the presented procedure,
reducing the cystocele to at least POP Q I seems to be sufficient to eliminate the ailments. In patients with POP Q
I cystocele no urge symptoms, urinary incontinence or other
complaints were observed in the study group. Overall, the
operation was very well-tolerated.
The most common postoperative complication was
urine retention (more than 100 mL after voiding). This
complication occurred in two patients (7%) and was only
a temporary problem which resolved itself completely after
a maximum time of four weeks. Only one patient complained of postoperative pain (3.7%) and the objective pain
severity was six in the VAS-Scale (VAS, visual analogue scale).
One patient (3.7%) experienced a recurrence of the symptoms with a lateral cystocele six months after the operation.
As a postmenopausal woman, this patient was scheduled
to anterior colporrhaphy using alloplastic material (Tab. 2).
The mean operation time was 80 minutes and the patients were discharged from the hospital the day after the
operation. An ultrasound was performed only when the
patient complained of a postoperative problem with micturition.
Quality of life was assessed using the PFIQ-7 (PFIQ, pelvic
floor impact questionnaire). Overall it revealed an average
postoperative improvement from 6.8 to 0.7 (p < 0.05). For
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the anterior compartment there was an improvement on
average from 11.7 to 1.2 (p < 0.05).

DISCUSSION
Repairing a lateral defect using this preperitoneal technique makes it feasible for almost all women, regardless
contraindications for classic laparoscopy. In this study three
of the patients were obese. It was observed that the distribution of fat in the preperitoneal space is relatively slight, making the preparation simple and fast in almost all body types.
By eliminating the Trendelenburg position this approach
is also feasible for women with cardiopulmonary, ophthalmological and neurological problems. It has been shown in
the literature that cardiac output is not influenced to a great
degree by this position, but that intraocular pressure is significantly raised [15]. Because of potentially life-threatening
complications due to the Trendelenburg positioning, especially in cases of a long operating time, the preperitoneal
approach can be considered with elderly and also multimorbid patients [16].
Observation in our department shows that most patients after two hours in a head-down position often need
a quick re-alignment of their body because of pulmonary
and cardiac instability. By performing a preperitoneal operation the body of the patient is kept in a horizontal position
and subsequent instability of the patient was not observed
in the present study. However, the population of the current
study had no cardiological risks so there is no evidence that
this approach has any influence on such risks.
Operations with pneumoperitoneum cause an increase
in the mean arterial pressure of approximately 30% and
a decrease in venous pressure of about 25%. Because of
the compression of the vena cava venous reverse flow
is decreased. Other observations included an increase in
the level of adrenaline to approximately three times its
normal level, cortisol four times, and vasopressin about
40 times, leading to an increase in peripheral pressure [17].
This research was studied on animal models, but it can be
presumed to be applicable in a human patient. Some of
these changes are caused by carbon dioxide while others
are caused by the pressure in the abdominal cavity. The
preperitoneal approach prevents pressure changes and
complications can be avoided. It also prevents peritoneal
adhesions, which can result in postoperative pain or difficulties in future operations. Further studies, however, are
needed to evaluate these issues.
The next important advantage of this technique is that
no mesh implants are utilized. This is seen as a positive
aspect in context of the FDA warning about MESH from
2011, indicating the seriousness of the problem with alloplastic materials [18]. Alloplastic material in the human body
can lead to pain, discomfort, or erosion of the vaginal wall,
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vaginal bleeding and dyspareunia. The use of synthetic implants is increasingly restricted, among others, by FDA [19].
As a reaction for this restrictions, different surgical techniques enabling to minimize or eliminate meshes use in
prolapse surgery. A good example is an apical defect reconstruction described by Śliwa et al. [20] in which a minimal
portion of alloplastic mesh is used, and in addition is placed
extraperitoneally. One of the common indications for the
anterior mesh implantation is a cystocele with a lateral defect, especially in elderly women. In this population, a transperitoneal laparoscopic approach is often contraindicated.
Although laparoscopic surgery is minimally invasive, it is
often a weight bearing procedure for this group of patients
which may result in cardiopulmonary problems.
During the preperitoneal lateral repair only non-resorbable sutures and no meshes were used. The cause of
a lateral defect is the abruption of the vesico-vaginal fascia
from its attachment. The suturing and re-establishment of
this attachment is a sufficient therapy for a cystocele with
lateral defect. While sutures in and of themselves do not
exactly solve this problem it is rather the creation of a scar
by the wound healing between the vaginal wall and arcus
tendineus which sufficiently reduces this defect. Because of
this the use of resorbable sutures will likely lead to the same
outcome and should be considered in the future.
The fixation of prolapsed tissues is made as in the originally developed and method [21] and its intraperitoneal
laparoscopic modification [22]. Satisfactory long term results
of this, anteriorly directed fixation can be extrapolated to
our preperitoneal modification of the procedure.
The group of patients in this study consisted of young
premenopausal women. Considering the reduction of risk
by eliminating the Trendelenburg position this approach
can presumably be used likewise in elderly patients. This
thesis, however, needs to be proven in future studies.
Chinthakanan et al. [5] describes high success rates in
the range of 60% to 89% after performing laparoscopic
paravaginal defect repair. According to him, laparoscopic
paravaginal repair approaches should be performed as
a first-line therapy, especially in the age of laparoscopic
and robotic surgery. He also points out that anterior colporrhaphy is not an anatomic repair for paravaginal defects.
Rudnicki at al. [23] compared 68 patients after anterior colporrhaphy and 70 patients with collagen-coated
transvaginal mesh for anterior vaginal wall prolapse. After
a three-year follow-up the anatomical cure rate was 91.4%
in the mesh group and 41.2% in the colporrhaphy group.
Although there was no impact on the subjective outcomes.
This low anatomical rate in the anterior colporrhaphy
group can be explained by the fact that anterior colporrhaphy is not a precise treatment for a paravaginal lateral

defect [24, 25]. It should be even considered as contraindicated in this clinical situation.
The recurrence rate after laparoscopic preperitoneal
lateral repair needs to be proven in long term prospective
studies on a major group of patients. If the rate is comparable to anterior mesh implantation and the stress is bearable
for elderly patients, this procedure can potentially be an alternative for mesh implantation in treatment of a cystocele
caused by lateral defect. In this way the use of mesh may be
reduced the cases of recurrence.
The next advantage of this procedure is that the laparoscopic approach does not cause a narrowing of the vagina
which is also an important factor for young women preventing dyspareunia which can occur after vaginal operations,
especially after mesh implantation [23].
Limitations of this study are a short 6-month observation
time and a small patient group. A larger study group and
longer observation time are needed for more conclusions.
Limitations of this procedure are any anatomical changes, especially scar tissue after previous operations, in the
preperitoneal space.

CONCLUSIONS
Preperitoneal laparoscopic lateral defect repair can be
done in a relatively short time. It is also feasible for obese
women and for patients with cardiopulmonary risks, because
the Trendelenburg position and pneumoperitoneum are
both unnecessary. Any synthetic meshes are not administered. A very satisfactory effect can be achieved with a lessening of patient’s complaints and reduction of the cystocele.
The first short-term results of this preperitoneal procedure show that this procedure is fast, simple, and the correction of the defect is satisfactory for the patients. Further
studies are needed for a better assessment of the results
and the risk of recurrence.
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Comparison of life quality between geriatric patients
who underwent reconstructive surgery and obliterative
surgery for pelvic organ prolapse
Suna Yıldırım Karaca , İbrahim Egemen Ertaş
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ABSTRACT
Objectives: Pelvic organ prolapse (POP) adversely affects women’s quality of life. The aim of this study is to compare the
life quality after obliterative surgery and reconstructive surgery for geriatric patients with advanced pelvic organ prolapse.
Material and methods: This matched case control study included sexually inactive women aged 65 years or older who
had vaginal surgery for pelvic organ prolapse in Tepecik Education and Research Hospiltal between August 2012 and June
2019. Life quality of women who had undergone obliterative or reconstructive vaginal surgery were evaluated and then
compared by Turkish validated prolapse quality of life questionnaire (P-QOL). Patients in obliterative and recontructive
surgical procedures were matched according to age, body mass index and POP stage and each group included 49 women.
Results: P-QOL scale domains, including prolapse impact (26.6 ± 12.1 vs 34.1 ± 16.2; p = 0.01), physical/social limitations
(28.3 ± 12.8 vs 34.8 ± 14.4; p = 0.02) and severity measures (24.9 ± 12.6 vs 30.5 ± 13,4; p = 0.035) revealed significantly lower
postoperative deterioration in the obliterative group. No significant difference was found in other P-QOL domains. The
mean operation time in the obliterative group was shorter than the reconstructive group (respectively; 69.2 ± 21.5 min,
79.7 ± 29.4, p = 0.04). There were no significant differences in estimated blood loss, length of hospital stay and intraoperative complications.
Conclusions: Obliterative surgery is a suitable option in the treatment of advanced pelvic organ prolapse in elderly patients.
Key words: gynecologic surgery; pelvic organ prolapse; quality of life; urogenital prolapse
Ginekologia Polska 2021; 92, 10: 695–700

INTRODUCTION
As life duration for women increases, pelvic floor disorders become a more evident and challenging health and
social issue. Due to the increasing prevalence of the elderly
population, the diagnosis of pelvic organ prolapse (POP) is
increasing over time. According to the US data, by 2030,
more than 20% of the population will be over 65 and the
number of women over the age of 84 will double [1]. Since
the prevalence of pelvic organ prolapse in postmenopausal
women is 41%, it is important to increase the clinical awareness about the treatment of this problem [2].
The current surgical management for POP includes reconstructive and obliterative procedures [2, 3]. The goal
of reconstructive vaginal surgery for POP is either the correction of the anatomic defects, or the restoration of the
anatomical vaginal support. In contrast to the reconstructive

surgeries, obliterative vaginal surgery is suitable for older
women with advanced prolapse and no sexual expectations
for future life [4].
The main purpose of the surgical procedures for women
with genital prolapse is to increase the quality of life. Although there are studies in the literature evaluating the
effects of obliterative and reconstructive surgery on the
quality of life, these case-control studies have serious limitations due to unmatched demographic and clinic confounders including age, body mass index (BMI) and sexual
activity [5–7].
The aim of this study is to compare the effect of obliterative and reconstructive vaginal surgeries on quality of life of
women aged 65 or older with POP after matching samples
in terms of age, urinary incontinence, sexual intercourse
and BMI.
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MATERIAL AND METHODS
This retrospective case-control study was conducted
at Izmir Tepecik Education and Research Hospital and approved by the hospital Ethics Committee (Registration
number: 2020/11-2). The sample of the study consisted of
65 years old or older, sexually inactive women who underwent obliterative colpocleisis surgery or reconstructive vaginal surgery for POP between August 2012 and June 2019.
We reviewed the computer-based medical records for
preoperative medical history, preoperative POP-Q score,
sexuality status, operative notes and postoperative complications for each participant. All of the patients had advanced
stage uterine prolapse or vaginal vault prolapse accompanied by cystocele and rectocele. The patients who had
concurrent anti-incontinence surgery or laparoscopic and
laparotomic interventions were not included.
There were 71 women who had undergone obliteravite
surgery and 201 patients who had undergone reconstructive surgery meeting all of this criteria. Patients in both
groups were later contacted by phone. First, we questioned
the participants’ symptoms associated with urinary incontinence. Since the quality of life of patients with incontinance
symptoms could be adversely affected, these patients were
excluded from the study. In the two groups, 53 and 160 patients were respectively accessible and agreed to respond
to the PQOL. We were able to match 49 of 53 patients in

the obliterative surgery group and 49 of 160 patients in
the reconstructive surgery group according to age, BMI and
POP stage (Fig. 1).

Quality of Life
The effect of pelvic floor function on quality of life after
surgery was evaluated with a Turkish validated prolapse
quality of life questionnaire (PQOL) [8]. It determines the
effects on the quality of life and evaluates the results of
the treatment in women with urogenital prolapse. In addition, PQOL is an easy-to-understand, reliable method and
characterizes the prevalence of symptoms. PQOL scores in
all of the components included general health perception,
prolapse impact, role limitation, physical/social limitations,
personal relationship, emotional status, sleep/energy and
severity measures.
All the participants were asked to complete a verbal
questionnaire P-QOL. To evaluate the symptoms of genital
prolapse, a four-point scoring system was used for each
question in the questionnaire. The score ranged from no,
little, moderate, or much. In calculating the P-QOL subscale
scores, the scores of each individual were adapted to a scale
of 0–100 using the conversion formulas. As the total score in
the questionnaire increases, the deterioration in the quality
of life of the patient increases. In other words, a low score
indicates a better quality of life.

272 patients met inclusion criteria (≥ 65 y, sexually inactive, not having
concurrent anti-incontinence, laparoscopic, laparotomic surgery)

71 patients
obliterative surgery

201 patients
reconstructive surgery

Excluded
Couldn't interviewed (7 patients)
Refused to participants (4 patients)
Couldn't complete questionnaire
(2 patients)
Presence of urinary incontinence
symptoms (5 patients)

Excluded
Couldn't interviewed (10 patients)
Refused to participants (11 patients)
Couldn't complete questionnaire
(5 patients)
Ppresence of urinary incontinence
symptoms (15 patients)

53 patients

160 patients
Matched by age, BMI, POP stage

49 patients obliterative surgery group

Analyze

49 patients reconstructive surgery group

Figure 1. Flow chart of the study; BMI — body mass index; POP — pelvic organ prolapse
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Description of surgery
We inform the patient in detail about both procedures
and discuss their potential benefits and risks.
In obliterative surgery (Colpocleisis), vaginal epithelium
is dissected from the anterior and posterior compartments
and removed up to the urethrovesical junction. Partial colpocleisis is defined as the partial removal of the anterior
posterior vaginal epithelium up to the urethrovesical junction and the creation of a longitudinal tunnel from the lateral
epithelium of the vagina. The purpose of creating the tunnel
is to allow drainage for postmenopausal bleeding [9].
In reconstructive vaginal surgeries, sacrospinous fixation
was performed after vaginal hysterectomy. In the sacrospinous ligament fixation (SSLF) procedure the vaginal apex
is suspended to the sacrospinous ligament. The procedure
starts with a longitudinal incision made on the posterior
vaginal wall. The right pararectal space is entered by separating the vagina and rectum with blunt dissection. After
the sacrospinous ligament is felt, two Breisky specula are
placed. The rectum is pushed to the left. The ligament is
sutured under direct vision. Sutures are passed through the
vaginal apex in full thickness and tied [10].
The operation time, total blood loss and intraoperative
complications of each patient were acquired from computer-based medical records.

Statistical analysis
Data were analyzed with SPSS statistical software (version 25.0; SPSS Inc., Chicago, IL, USA) and are presented as
mean ± standard deviation, median, or percentage. Chi Square
test and Fisher’s exact test were used for comparison of categorical data. Student’s T test and the Mann–Whitney U test were
used to analyze and compare continuous data among surgery

groups based on the assumption of normality. Fisher-Freeman-Halton test was used to compare qualitative data. Twotailed p-value < 0.05 was considered statistically significant.

RESULTS
A total of 71 patients with obliterative surgery were
eligible during the study period. Seven patients could not be
contacted by phone, four refused to participate, two could
not complete the questionnaire and five patients reported
presence of urinary incontinence symptoms. Consequently,
53 women were able to complete the questionnaire by
phone interview and were included in the obliterative surgery group.
In the reconstructive surgery group, 160 out of 201 patients who met the inclusion criteria were able to complete
the questionnaire. The remaining patients were matched
with the patients in the obliterative surgery group according to age, BMI values and POP stage. All patients in both
obliterative and reconstructive surgery group were 65 or
older, sexually inactive and had stage 3–4 genital prolapse.
The demographic characteristics of the patients are
shown in Table 1. The mean age was 73.4 ± 5.4 in the obliterative surgery group, and 72.9 ± 5.1 in the age-matched
reconstructive surgery group. BMI values of the patients in
the obliterative and reconstructive surgery group were respectively 28.4 ± 5.6 and 28.1 ± 5.2. Age (p = 0.638) and BMI
(p = 0.784) variables were similar between two groups. There
was also no difference in the literacy status in both groups
(p = 0.545). The mean parity value of the patients in the
obliterative surgery group was higher (p = 0.045).
Operative data and perioperative complications are
shown in Table 2. The mean follow-up time of the obliterative and reconstructive groups were 24.8 months and

Table 1. Baseline characteristics of study groups
Parameters

Obliterative Surgery Group
(n: 49 patients)

Reconstructive Surgery Group
(n: 49 patients)

p value

Age [years]

73.4 ± 5.4

72.9 ± 5.1

0.638

Body mass index [kg/m2]

28.4 ± 5.6

28.1 ± 5.2

0.784

Prolapse stage
Stage 3
Stage 4

15 (30.6%)
34 (69.4%)

15 (30.6%)
34 (69.4%)

–

Education
Literate
Illiterate

17 (34.6%)
32 ( 65.4%)

14 (28.5%)
35 (71.5%)

0.545b

Parity

3.81 ± 1.9

3.16 ± 1.2

0.045a

10
8
4
8

13
7
3
6

0.131
0.187
0.293
0.241

5 (10.2%)

4 (8.1%)

0.335

Medical Comorbidity
Cardiovaskular
Respiratuary
Endocrine
Other
Previous prolapse surgery

Values are given as mean ± standard deviation or n (%); a — Student t Test; b — Fisher-Freeman-Halton Test
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Table 2. Operative data and intraoperative complications
Obliterative Surgery Group
(n: 49 patients)

Reconstructive Surgery Group
(n: 49 patients)

p value

69.2 ± 21.5

79.7 ± 29.4

0.04

130.8 ± 109.2

138.3 ± 111.2

0.73

Length of hospital stay a [day]

2 (1–4)

2 (1–5)

0.56b

Intraoperative complications
Blood transfusion
Bladder injury
Bowel injury
Ureter injury

1 (2%)
0
0
0

Parameters
Operation time [min]
Estimated blood loss [mL]

3 (6.1%)
0
0
0

0.24c
N/A
N/A
N/A

a — Duration of hospitalization after operation Median [range]; b — Wilcoxon rank sum test, values are given as mean ± standard deviationor n [%]; c — Fisher’s exact test;

N/A — not applicable

Table 3. Prolapse Quality of Life Questionnaire scores after surgery
P-QOL scale

Obliterative Surgery Group
(n: 49 patients)

Reconstructive Surgery Group
(n: 49 patients)

General Health Perceptions Score

33.1 ± 14.5

34.3 ± 13.2

0.669

Prolapse Impact Score

26.6 ± 12.1

34.1 ± 16.2

0.011

Role Limitation Score

32.5 ± 13.1

35.2 ± 16

0.399

Physical/Social Limitations Score

28.3 ± 12.8

34.8 ± 14.4

0.02

Personal Relationship Score

29.9 ± 13.6

30.5 ± 15.9

0.836

Emotional Score

30.4 ± 14.1

33.8 ± 15.2

0.265

Sleep/Energy Score

30.7 ± 16.1

30.9 ± 15.2

0.949

Severity Measures Score

24.9 ± 12.6

30.5 ± 13.4

0.035

p value

Mann Whitney U Test; values are given as mean ± standard deviation; P-QOL — Prolapse Quality of Life Questionnaire

31.5 months respectively. The mean operation time in the
obliterative surgery group was shorter than the reconstructive surgery group (p = 0.04). There was no difference between the two groups in terms of the length of hospital
stay (p = 0.56). In obliterative surgery group, the amount of
blood loss was less than the reconstructive surgery group.
However, the difference was not statistically significant (respectively, 130.8 ± 109.2 L vs 138.3 ± 111.2 mL , p = 0.73) .
Quality of life scores are shown in Table 3. A high PQOL
score indicates a greater impairment of the quality of life,
while a low score indicates a high quality of life. There was
no difference between the obliterative and reconstructive surgery groups for PQOL scores including general
health perception, role limitation, personal relationship,
emotional state, sleep/energy. However, prolapse impact
(26.6 ± 12.1 vs 34.1 ± 16.2; p = 0.01), physical/social limitations (28.3 ± 12.8 vs 34.8 ± 14.4; p = 0.02) and severity
measures scores (24.9 ± 12.6 vs 30.5 ± 13.4; p = 0.035) were
lower in the obliterative surgery group (Tab. 3).
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DISCUSSION
Obliterative vaginal surgery appears to be a good option
for the treatment of sexually inactive women with advanced
age and advanced stage pelvic organ prolapse [11]. Although
it is well known that obliterative vaginal surgery has better
anatomical results and lower recurrence rates than reconstructive surgery, there are very few studies comparing the
effect of the two surgical procedures on the patients’ quality
of life [6, 12, 13]. In most of these studies, the patient population in the compared groups were different in terms of
age, sexual intercourse frequency, BMI and prolapse stage.
However, all of these variables are relevant for the quality
of life. Therefore, when designing our study, our first objective was to match the variables that affect the quality of life
of genital prolapse patients in the two groups. Our results
showed that obliterative surgery increases the quality of life
more than reconstructive surgery in terms of the prolapse
effect, physical/social limitation and severity measurement
scores. For the other measures, the scores were similar.
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The generally accepted first option in POP treatment is
the conservative approach [14]. However, surgery becomes
inevitable in advanced POP. Studies show that both the reconstructive and obliterative surgeries significantly improve
patients’ quality of life. In the retrospective cohort study of
Petcharopas et al, the effect of obliterative and reconstructive surgery on the quality of life was investigated and both
of the surgical procedures provided an improved QOL for
patients with POP. In addition, their study demonstrated
that obliterative surgery provided better improvement in
the prolapse domain than the reconstructive surgery [15].
In a prospective cohort study, Barber et al. [6], reported
an increase in social relationships, better mental health, and
less emotional problems in patients undergoing obliterative
and reconstructive surgery. However these studies suffer
from important limitations. In these studies, the patients in
the reconstructive vaginal surgery group were younger, the
groups differed in terms of the sexual intercourse status and
the prolapse stages. In our study, patients in the obliterative
and reconstructive procedures were matched according
to age, BMI and POP stage. In addition, all patients were
sexually inactive. Our study demonstrated that obliterative
surgeries provides better improvement than reconstructive
surgeries in the prolapse impact, physical/social limitation
and severity measurement domains.
Obliterative surgery is recommended as an appropriate treatment option for sexually inactive women with advanced age and comorbid diseases [16]. However, women
are mainly concerned about the permenant loss of vaginal
function as it is a natural result of this procedure [17]. 67.9%
(201/296) of women who underwent reconstructive surgery
in our study were sexually inactive and had no expectation
of sexual life in the future. Although these patients were
informed that the reconstructive procedures had higher
rates of surgical complications and recurrence, they still
preferred reconstructive surgery. The patients’ preference
for preserving their vaginal functions may be related to
concerns about their post-operative femininity and body
image. However, Barber et al. [6] forund no difference in
body image and mood in women between women who
underwent obliterative and reconstructive surgery. More
importantly, they found clinically significant improvements
in the quality of life in the obliterative surgery group relative
to the reconstructive surgery group.
As people get older, the prevalence of comorbid diseases increases. Sixty point two percent of women in our
study population had two or more chronic diseases. This rate
is similar to the patients’ rates in previous studies [10, 11].
These studies report that especially in elderly patients, the
type of surgery, duration of the surgery, blood losses due
to the duration of the surgery increase the development of

complications in the postoperative period and may lead to
impaired cognitive functions [12, 13].
In obliterative surgery, the mean operation time was
found to be significantly less than the reconstructive surgery group. The most important reason for this difference
was that the patients in the reconstructive surgery group
underwent hysterectomy. Similarly, Ghezzi et al. [18], compared different pelvic reconstructive surgery methods for
women 75 years and older and found that reconstructive
surgical procedures including vaginal hysterectomy resulted
in longer operation times and more blood loss than obliterative vaginal surgeries.
In our study, we did not find any difference between the
two groups in terms of blood loss and duration of hospital
stay. In addition, the intraoperative complications in both
groups were at low levels. We suspect the small sample
size of the study might have played a role in these findings.
One strength of our study is that it has a concurrent
control group and the patients in both groups are matched
in terms of variables such as age BMI and prolapse level. In
addition, patients in both groups were sexually inactive.
Secondly, all surgical procedures were performed by a single
surgeon experienced in urogynecology. Nonetheless, our
study does have several limitations. Due to the retrospective
design of the study, we could not evaluate the preoperative
quality of life of patients diagnosed with pelvic organ prolapse. Therefore, it was difficult to evaluate the improvement
in quality of life after the surgery.

CONCLUSIONS
In conclusion, our study demonstrates that despite the
permanent changes in sexual function, in appropriately
selected patients, obliterative surgery has a more positive
effect on QOL than reconstructive surgery. Moreover, obliterative surgery does not require deep pelvic dissection,
such as sacrospinosis fixation, and avoids hysterectomy.
It is advisable for urogynecologists to build experience with
this surgical procedure and offer it as a viable option for
surgical treatment of elderly POP patients.
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Mother and neonate suffering from COVID-19 infection.
Is there any risk of vertical transmission? A case report
Agnieszka Urban , Michal Dyrda
Department of Gynaecology and Obstetrics Regional Specialist Hospital Megrez in Tychy, Poland

ABSTRACT
Objectives: This study was carried out to visualize possible infection of the fetus during pregnancy through vertical
transmission.
Material and methods: A descriptive observational study was conducted on a 39th week pregnant woman who was
suspected COVID-19. Pregnancy was ended with a caesarean section due to epidemiological reasons. The mother and
newborn were examined for COVID-19 infection using PCR swabs.
Results: At first there were discrepancies between SARS-CoV-2 test results from the nasopharyngeal swabs of the mother
and the neonate. The mother tested positive, whereas the newborn tested negative. However, neonate’s control swab was
repeated within the following 48 hours and revealed a positive test result.
Conclusions: The risk of vertical transmission with SARS-COV2 is possible, therefore it is very important to isolate pregnant
women from infected people to protect mothers and newborns.
Key words: COVID-19; SARS-Cov-2; vertical transmission; coronavirus; neonate
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INTRODUCTION
SARS-CoV-2 is a novel coronavirus, first identified at
the end of 2019 in Wuhan, China. Infection with the virus
causes COVID-19 disease. Other known related viruses are
SARS-CoV and MERS-CoV. Compared to its predecessors
SARS-CoV-2 virus is characterized by high contagiousness,
but low mortality. As reported by Dashraath et al. (2020)
mortality of pregnant women was 0%, 18% and 25% for
COVID-19, SARS and MERS, respectively. The transmission
route of SARS-Cov-2 is thought to be predominantly airborne or fecal-oral. Current reports negate the presence of
the virus in the amniotic fluid, umbilical cord blood or breast
milk [1–3]. The symptoms of COVID-19 are flu-like, such as:
fever, coughing, dyspnea, muscle pain, and in severe cases it
can lead to mild or severe pneumonia or result in death [4].
In the literature, there are few described cases of women
with SARS-CoV-2 infection. Majority of whom were asymptomatic or with mild course of the disease. In few cases,
the patients required admission to the Intensive Care Unit.
The rate of infection among pregnant women is comparable
to the rest of the population, however, it changes with the

duration of the pandemic and is dependent on a variety of
numerous factors [1, 5–7].
Currently, there are no conclusive data on vertical
transmission of SARS-CoV-2. Up to date only a few cases
of newborns with a positive RT-PCR test performed shortly
after birth have been described [1, 3, 5, 8]. Inconsistency of
relevant clinical data and information on an appropriate
isolation makes this work only observational.
Here we describe a case of a pregnant woman infected
with SARS-CoV-2 and her symptomatic newborn child with
confirmed infection by RT-PCR test.

MATERIAL AND METHODS
A twenty-four-year-old primigravid female, in her
39th week of pregnancy, was transferred from a nearby Medical Centre to the Gynecological and Obstetrics Ward of the
Hospital dedicated to COVID-19 infected patients in Tychy,
Poland. The patient presented with regular systolic activity,
bleeding from the reproductive tract and was suspected of COVID-19. During pregnancy, the primigravid patient was diagnosed with anemia, for which she was supplemented with iron
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and vitamins. Prior to hospitalization, the patient was under
quarantine due to previous contact with a SARS-CoV-2 infected person. The day before the transfer, the patient developed
fever (38.5°C), and a throat swab for SARS-CoV-2 test was taken.
On the day of admission, due to regular spasmodic activity and staining of the genital tract, a caesarean section was
performed following epidemiological indications (suspicion
of COVID-19). Subarachnoid anesthesia was used. Throughout
the surgery the patient had a surgical mask on her face. Delayed clamping of the umbilical cord and skin-to-skin contact
were withdrawn. The newborn, baby girl was born in good
general condition, immediately isolated from her mother and
rated 10 on Apgar scale in the first minute. The birth weight
was 3430 g and the length 54 cm.

RESULTS
Five hours after the caesarean section, the newborn was
tested for SARS-CoV-2 using nasopharyngeal swab. The next
day, Mother’s RT-PCR test results were positive for the presence of SARS-CoV-2 genetic material, but negative result in
the newborn child.
The newborn was placed in an incubator in an isolated
room. From the beginning of the care, medical personnel
used personal protective equipment and followed hygiene
rules. Following 48h after the birth, an RT-PCR test from the
nasopharyngeal control swab collected from the newborn
indicated the presence of the virus. Subsequently, samples
taken on the 5th, 8th, 13th and 18th day of the newborn’s life
confirmed the presence of SARS-CoV-2.
The course of the neonate adaptation period was complicated by discreet general symptoms (periodic anxiety,
increased body temperature to 38.0°C, single auscultatory
crackling above the lungs and later sneezing reflex). Laboratory tests indicated low levels of inflammatory markers. An ultrasound of the lungs showed an increased number of B-line
artifacts. The condition of the newborn was gradually improving. On the 24th day, following two negative swab tests
at required intervals, the newborn was discharged home.
The mother of the newborn remained asymptomatic
throughout the hospitalization period. Laboratory tests
indicated thrombocytopenia (up to 89 *10e3/uL), a mild
increase in CRP concentration (43.5 mg/L) and hyponatremia
(133 mmol/L) (Tab. 1). Seven days after the caesarean section, she was discharged home in a good general health
and continued self-isolating at home.

Table 1. Summary of selected laboratory results of the patient
Test

Results

Reference interval

C-reactive protein

43.5

[0.0–5.0] mg/L

Potassium

3.8

[3.5–5.2] mmoL/L

Sodium

133

[135–145] mmoL/L

Total protein

59

[64–83] g/L

Platelets

89

[150–450] 10e3/uL

Red blood cells

3.74

[4.0–5.0] 10e6/uL

Hemoglobin

11.92

[12.0–16.00] g/dL

newborn’s life? Did the infant become infected during the
caesarean section, for instance by ingestion of the mother’s
blood or inhalation of the virus during the first breathes?
Although the first test obtained five hours after the caesarean section gave a negative result, a possibility of an intrauterine infection cannot be excluded. False negative result
for a SARS-CoV-2 RT-PCR appear, and their incidence can be
influenced by various factors, such as sampling technique,
sample transport, or phase of infection [9].
The probability of a newborn being infected by medical personnel is low due to the use of an appropriate personal protective equipment. Moreover, after the infant was
discharged home, serological tests for IgG antibodies were
performed among the medical personnel, and no IgG antibodies were found.
Serological test for IgM and IgG antibodies, for both the
mother and the newborn described here, could provide more
insight. IgM class antibodies are not transmitted through the
placenta and its elevated concentration in the blood of the
newborn could suggest an intrauterine infection.
Lan Dong et al. (2020) [10] reported a case of a child delivered through cesarean section while the mother was infected
with SARS-CoV-2. Levels of IgM and IgG class antibodies of
the infant were elevated, whereas the result of a swab test
taken directly after the birth was negative for the presence of
SARS-CoV2 genetic material. According to reports, IgM antibodies do not appear until the third day after contagion [10].
Serological tests are believed to be complementary in
COVID-19 diagnostics but cannot be considered as the basis
for confirmation or exclusion of the disease. Unfortunately,
there was no possibility to perform the serological test in
the case described here.

CONCLUSIONS
DISCUSSION
The described above case raises several questions:
How and at which point was the newborn infected with
SARS-CoV-2? Is there a possibility that the first swab indicated a false negative result due to either a collection
error or lack of airway colonization in the first day of the
702

To our knowledge, this is the first described case in
Poland and one of the few reported worldwide, that could
indicate a possibility of intrauterine transmission to the
fetus. However, more research on a large group of pregnant
women is needed in order to unequivocally confirm the possibility of vertical transmission of the virus. It is important
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to shield pregnant women from potentially infected part of
the population to minimize the risk of SARS-CoV2 infection
in mothers and their newborns [11].
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Can prophylactic transvaginal cervical cerclage
improve pregnancy outcome in patients receiving
cervical conization? A meta-analysis
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ABSTRACT
Objectives: Cervical conization could increase the risk of cervical insufficiency. This study systematically evaluated the
value of prophylactic transvaginal cervical cerclage following cervical conization with regards to pregnancy outcome.
Material and methods: We performed a systematic review of the literature, using Web of Science, and Embase, the published time ranged from the date that database established to December 2019. Pregnant patients, who had a previous
history of cervical conization for CIN or early cervical cancer, were enrolled. Two researchers searched these databases and
estimated the included studies’ quality independently, depending on the same criteria.
Results: Our meta-analysis is incorporate 3560 cases eventually. Meta-analysis showed that when compared to the no-cerclage group, the risk ratio (RR) of preterm birth in the prophylactic transvaginal cervical cerclage group was 1.85 [95% confidence interval (CI): 1.22–2.80; p = 0.004]; the RR of premature rupture of membranes was 1.5 (95% CI: 1.17–1.93; p = 0.001).
Conclusions: The rates of preterm birth were significantly higher in women following cervical conization with transvaginal
cerclage than those without cerclage.
Key words: cervical conization; prophylactic cervical cerclage; preterm birth; premature rupture of membranes
Ginekologia Polska 2021; 92, 10: 704–713

Introduction
The diagnosis rate of cervical intraepithelial neoplasia
(CIN) and micro-invasive cervical carcinoma is much higher
in recent years because of the wide usage of cervical sampling [1]. In addition, as delayed childbearing becomes
a global trend, the proportion of women of reproductive
age who are diagnosed with CIN, and early cervical cancer,
is gradually increasing.
High grade CIN and micro-invasive cervical carcinoma
can be treated with excisional procedures, also referred to as
conization. These procedures include cold knife conization,
the loop electrosurgical excision procedure (LEEP), and laser
conization. The aim of these procedures is to remove a segment of the cervix for histological examination. The women
of reproductive age who experienced these treatments may
face negative fertility and pregnancy outcomes in the future.
It is currently considered that cervical conization may
increase the risk of cervical insufficiency [2]. Some recent
studies have revealed that previous cervical conization is

associated with an increased risk of second-trimester pregnancy loss [3, 4], preterm premature rupture of membranes
(PPROM), preterm delivery, and perinatal mortality.
A prospective series of research previously revealed that
the detection of a short cervix ( < 25 mm) on second-trimester transvaginal ultrasound examination was predictive of
an increased risk of preterm birth in women who had experienced conization previously [5, 6]. It is generally accepted
that cervical conization may increase the risk of cervical
insufficiency; the role of prophylactic cervical cerclage has
not been fully studied in women who have undergone previous cervical conization. The effectiveness of prophylactic
transvaginal cervical cerclage remains controversial, and its
use is associated with perinatal risks. Therefore, this study
used the meta-analysis method to systematically evaluate
the value of prophylactic transvaginal cervical cerclage following cervical conization in pregnant outcome, in order
to provide evidence-based medical evidence for clinical
treatment.
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MATERIALS AND METHODS
Information retrieval
We searched the database (Web of Science and Embase), setting the published time range from the date that
database established to December 2019. The topic term
words or free-searching term words used in the database
included: cervical conization, co ld knife conization, CKC,
loop electrosurgical excision, LEEP, and cervical cerclage.

the included studies, and the fixed-effect model was used.
When heterogeneity was detected, we made intensive
efforts to identify a possible explanation. If a reasonable
cause was found, then subgroup analysis was performed.
Otherwise, a random-effects model was used. Variables are
represented by relative risks (RRs); interval estimates are all
based on 95% confidence intervals (95% CIs). Differences
were considered to be statistically significant when p < 0.05.

Inclusion and exclusion criteria
Inclusion criteria

RESULTS
Information retrieval

There were three types of inclusion criteria — 1. study
type: studies were included in our meta-analysis if they
represented a prospective or retrospective and were written
in English; 2. research target: patients giving birth after cervical conization, those who received transvaginal cervical
cerclage represented the case group, while those who did
not receive cerclage represented the control group; 3. outcome index: studies were included in our meta-analysis if
they reported the risk of preterm birth, premature rupture
of membranes (PROM), preterm premature rupture of membranes (PPROM), perinatal mortality, or low birth weight.

After first-circle database searching, 261 articles were
detected. Following reading and screening, we accepted
nine studies to be included in our final meta-analysis [7–15].
Figure 1 illustrated the literature screening process.

Basic characteristics and literature quality
Table 1 and Table 2 demonstrated the basic characteristics of studies included and Figure 2 showed the literature
quality. Ultimately, nine studies were included in the final
meta-analysis, featuring a total of 3560 patients; 605 women
were treated by prophylactic transvaginal cervical cerclage
following conization, while 2,955 women were not.

Exclusion criteria
Studies were excluded if they were conference papers,
reviews, lectures, or abstracts. Studies were also excluded if
the full text was not available, or if they did not include the
detailed information or enough data. Self-control clinical trials
were also excluded, as were studies that included outcomes
for twins, or higher-order multiple births; this was because of
the association between plurality and preterm birth.

Systematic review
A risk ratio forest plot showed that the total risk ratio.
The total risk ratio for preterm birth was 1.85 (p = 0.004),

Obtain relevant literature through database search (n = 261):
Web of Science (n = 115), Embase (n = 146)

Quality evaluation
Cochrane risk of bias tool was used to evaluate the
quality of incision articles. There were two researchers who
searched these databases, estimated the included studies’
quality independently, depending on the same criteria. In
order to do this, the researchers used self-made data extraction forms, which targeted information relating to patient
characteristics, the number of samples, obstetric outcomes,
and neonatal outcomes. Subgroup analyses were only performed for cases involving preterm birth at < 34 weeks, and
34–36 + 6 weeks of gestation.

Delete the duplicate (n = 71)

Read the abstract (n = 190)

Delete (n = 177)
Article type do not match (n = 48)
Not suitable for research purposes (n = 125)
Unable to get full text (n = 4)

Read the full text (n = 13)

Statistical analysis
Meta-analysis was carried out using Review Manager
5.3 software. Our meta-analysis used both fixed-effects
and random-effects depending on the heterogeneity.
Statistical heterogeneity of results featured in the selected
studies was assessed using the chi-squared test, expressed
with the I2 index or p-value; when p > 0.10 or I2 ≤ 50%,
we considered that there was no obvious heterogeneity in

Delete (n = 4)
Cannot get four-table (n = 2)
Incomplete data (n = 2)

Inclusion article (n = 9)
Figure 1. Document screening process and results
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Table 1. Basic characteristics of the studies included in this meta-analysis
Study

Year

Nation

Study design

Transvaginal prophylactic cerclage specific method

Maternal age
(mean)

Geum Joon Cho

2018

Korea

Retrospective

not clear

30.70

Harald Zeisler

1997

Austria

Retrospective

not clear

30.5 (22–41)

Ka Hyun Nam

2010

Korea

Retrospective

not clear

31 ± 3.7

Kei Miyakoshi

2019

Japan

Retrospective

not clear

33.80

Lindsay M. Kindinger

2016

Mexico

Retrospective

Monofilament/Braided cerclages

33.22

Minling Wei

2018

China

Retrospective

Transvaginal cervicoisthmic cerclage

29.9 ± 3.6

Mi-Young Shin

2010

Korea

Retrospective

not clear

32 (28–40)

Sharon Armarni

2011

Israel

Retrospective

not clear

32.22 ± 4.58

Tal Rafaeli-Yehudai

2014

Israel

Retrospective

Mcdonald and Shirodkar cerclage

32.80

while I2 was 71%. The total risk ratio of PROM was
1.5 (p = 0.001), with an I2 value of 47%. The total risk ratio
of PPROM was 1.18 (p = 0.52), with an I2 value of 52%.
The results of our meta-analysis are shown in Figures 3–7.
The use of prophylactic transvaginal cervical cerclage in
women with cervical conization was associated with a significantly higher risk of preterm birth < 37 weeks (RR, 1.85; 95%
CI, 1.22–2.80), 34–36 + 6 weeks (RR, 2.75; 95% CI, 1.69–4.47)
and < 34 weeks (RR, 3.03; 95% CI, 1.06–8.67), and PROM
(RR,1.5; 95% CI, 1.17–1.93).
Prophylactic transvaginal cervical cerclage, either with
and without cerclage, was not significantly associated
with the risk of PPROM (RR, 1.18; 95% CI,0.71–1.96), low birth
weight (RR, 0.63; 95% CI, 0.24–1.67), or perinatal mortality
(RR, m1.14; 95% CI,0.23–5.63).

Evaluation of publication evaluation
Funnel plot test results showed that there was no publication bias for preterm birth, PROM, PPROM, low birth
weight, and perinatal mortality (Fig. 8).

DISCUSSION
Cervical conization is a standard treatment for women
with high-grade CIN and micro-invasive carcinoma (Stage 1a1)
[16–18]. Women with cervical dysplasia are at an increased
baseline risk of preterm birth, and surgical excision confers
additional risk [19, 20]. Pregnant patients, with a history of
surgical excision, should therefore be considered as having
high risk pregnancies [20]. Currently, more studies have
found that conization therapy may have adverse effect on
the following pregnancy outcomes, including preterm delivery, perinatal death and lower birth weight [3]. There are
several factors that may underline these associations. First,
the removal or destruction of a large portion of the collagen that makes up the cervical stromal may reduce tensile
strength, thus reducing the mechanical competence of the
cervix [21], and ultimately leading to premature dilation
706

of the cervix during pregnancy. Second, excision of tissue
and the absence of cervical glands may increase the risk
of ascending infection. Third, cervical shortening causes
bacteria to enter the uterine cavity from the vagina, thus
promoting the migration of bacteria.
In order to prolong pregnancy, surgery remains the
mainstay form of therapy. Cervical cerclage is a common
method [22]; this method aims to provide mechanical support to the cervix and thereby reduce the risk of preterm
birth, thus prolonging the period of gestation in pregnant
women with cervical insufficiency [23, 24]. This procedure
was initially described as a purse string suture around the
cervix, performed using a vaginal approach. Some studies
have indicated that cervical cerclage reduces the risk of
preterm birth in women at high risk of preterm birth, and
probably reduces the risk of perinatal deaths; furthermore,
existing data appear to suggest that this method is more
or less effective than other preventative treatments, particularly vaginal progesterone [25]. However, this method
can lead to some adverse outcomes [26], including membrane rupture, chorioamnionitis, cervical lacerations, and
suture displacement [27]. The incidence of complications
varies widely with regards to the timing and indications for
cerclage [28]. Overall, there is a low risk of complications
with prophylactic cervical cerclage. Some studies have
reported that cervical cerclage may increase the risk of
preterm birth in women with a cervical length < 25 mm
on ultrasound [29]. There is no consensus on the effect of
cervical cerclage on pregnancy outcome following cervical
conization. Therefore, in the present study, a systematic
review discovered the advantage of prophylactic transvaginal cervical cerclage on pregnant outcome following
cervical conization.
A transabdominal cerclage is used as an alternative for
women for whom a transvaginal cerclage fails, or for women
who have had large portions of their cervix removed during
the treatment of oncological conditions [30]. This meta-anal-
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/

/

/

34 ~ 36 + 6

<34

miscarriage/delivery
20 ~ 27 + 6 weeks

preterm rupture of
membranes ( ≥ 37
weeks)

10

/

/

63

/

/

/

/

< 37

< 34

< 28

Cesarean delivery

Apgar score 7 at 1 min

Perinatal mortality

Low birth weight Low
birth weight

Birth weight (g)
mean STD

preterm premature
rupture of membranes
(weeks)

17

Outcome/number

Preterm labor (weeks)

Geum Joon Cho

with cerclage
161

Study

without
cerclage
914
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/
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/
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/
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/
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15

/

/

/

49
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cerclage
1163
/

/

/

/

/

/

/

155

82

/

/

/

281

with cerclage
98
621–
–4340

/

/

/

/

/

/

/

/

/

6

18

24

without
cerclage
627
1450–
–5074

/

/

/

/

/

/

/

/

/

8

38

46

with cerclage
74
/

/

/

/

55

/

/

/

/

5

8

8

16

/

/

/

/

/

/

/

/

/

/

/

/

/

without
cerclage

MiYoung Shin

3,000
(680–
–4,200)

3

0

/

16

2

5

10

/

2

5

4

9

with cerclage
25

Minling Wei

3,000
(1,220–
–3,700)

6

0

/

13

2

7

13

/

2

6

3

9

without
cerclage
31

Lindsay M.
Kindinger
Sharon Armarnik

2,984.67
± 754.45

2

1

/

/

/

/

2

/

/

/

/

7

with cerclage
18

Kei Miyakoshi

2,982.54
± 830.26

6

2

/

/

/

/

6

/

/

/

/

5

without
cerclage
35

Ka Hyun Nam

Tal Rafaeli-Yehudai

2928.95
± 878.71

/

1

1

6

/

/

/

3

/

7

/

/

with cerclage
22

Harald Zeisler

2974.80
± 719.73

/

3

8

20

/

/

/

17

/

5

/

/

without
cerclage
87

Table 2. Outcomes of the studies included in this meta-analysis
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Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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–

+

+
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–

–

–

+

+

+

?

Lindsay M. Kindinger et al. 2018

–

–

–

+

+

+

?

Minling Wei at al. 2018

–

?

–

–

–

+

?

Milloung Shin et al. 2010

–

–

–

+

+

+

?

Sharon Armarnik et al. 2011

–

–

–

+

+

+

?

Tal Rafaeli-Yehudai et al. 2014

–

–

–

–

+

+

?

Random sequence generation (selection bias)
Allocation concealment (selection bias)
Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)
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Figure 2. The risk of bias about the inclusion studies

ysis did not include publications relating to transabdominal
cervical cerclage. There were two reasons for this. Firstly, when
searching the literature, we only retrieved some case reports
relating to transabdominal cervical cerclage after cervical
conization [31–34]. Secondly, the indication for prophylactic
cerclage through the abdomen is slightly different from that
of transvaginal cerclage. Patients with cervical weakness
708

who have an extremely short, deformed, or scarred cervix,
cannot be adequately managed by prophylactic transvaginal cerclage [35]. There is a difference in the probability of
adverse pregnancy outcomes when compared between
patients who received transabdominal cerclage, and patients who received cerclage [36]. We retrieved four case reports; the characteristics of these cases are shown in Table 3.
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Study
or subgroup

Transvaginal
cerclage
Events

Without
cerclage

Total Events Total

Weight

Geum Joon Cho et al. 2018
17
161
39
914
Harald Zeisler et al. 1997
7
30
8
39
Ka Hyun Nam et al. 2010
3
6
15
59
Kei Miyakoshi et al. 2019
49
171
281
1163
Lindsay M. Kindinger et al. 2016
24
98
46
627
Minting Wei et al. 2018
16
74
0
0
MiYoung Shin et al. 2010
9
25
9
31
Sharon Armarnik at al. 2011
7
18
5
35
Total (95% CI)
583
2868
Total events
132
403
Heterogeneity: Tau2 = 0.19; Chi2 = 20.40, df = 6 (p = 0.002); I2 = 71%
Test for overall effect: Z = 2.92 (p = 0.004)
< 37 weeks

16.4%
11.0%
10.8%
21.0%
18.1%

Study
or subgroup

Transvaginal
cerclage
Events

Total Events Total

Transvaginal
cerclage
Events

Lindsay M. Kindinger et al. 2016
Minting Wei et al. 2018
MiYoung Shin et al. 2010
Tal Rafaeli-Yehudai et al. 2014
Total (95% CI)
Total events

6
8
5
7
26

38
0
3

Weight

627
0
31
658

M-H. Random,
95% CI
2.47 [1.44, 4.27]
1.14 [0.46, 2.79]
1.97 [0.79, 4.89]
1.19 [0.92, 1.53]
3.34 [2.14, 5.21]
Not estimable
1.24 [0.58, 2.65]
2.72 [1.00, 7.38]
1.85 [1.22, 2.80]

M-H. Random,
95% CI

79.3%
20.7%
100.0%

8
0
6
5

627
0
31
87
745

0.5

1

2

M-H. Random,
95% CI
3.03 [1.80, 5.09]
Not estimable
1.65 [0.41, 6.71]
2.75 [1.69, 4.47]

M-H. Random,
95% CI

0.1

Without cordage

Ratio Risk

19

10

1

10

100

10

100

Transvaginal cerclage

Ratio Risk

M-H. Random,
Weight
95% CI
33.6% 4.80 [1.70, 13.53]
Not estimable
33.0% 1.03 [0.36, 2.99]
33.4% 5.54 [1.94, 15.79)
100.0% 3.03 [1.06, 8.67]

M-H. Random,
95% CI

0.01

Heterogeneity: Tau2 = 0.58; Chi2 = 6.01, df = 2 (p = 0.05); I2 = 67%
Test for overall effect: Z = 2.07 (p < 0.04)
< 34 weeks

0.1

Transvaginal cerclage

Ratio Risk

0.01

Without
cerclage

0.2

Without cordage

Ratio Risk

41

Total Events Total
98
74
25
22
219

Ratio Risk

0.1

Without
cerclage

Lindsay M. Kindinger et al. 2016
18
98
Minting Wei et al. 2018
8
74
MiYoung Shin et al. 2010
4
25
Total (95% CI)
197
Total events
30
Heterogeneity: Chi2 = 0.64, df =1 (p = 0.42); I2 = 0%
Test for overall effect: Z = 4.06 (p < 0.0001)
34–36 ± 6 weeks

Study
or subgroup

12.9%
9.8%
100.0%

Ratio Risk

0.1

Without cordage

1

Transvaginal cerclage

Figure 3. Meta-analysis of preterm birth

We consider that prophylactic transabdominal cerclage
is an important treatment modality to improve obstetric
prognosis and prevent unexpected complications for those
with a history of transvaginal cervical cerclage failure, or
multiple cervical cerclage operations. It is likely that the
importance of transabdominal cerclage will increase with
the development of conservative operations for invasive
uterine cervical cancer. In addition, Ioannis Kyvernitakis
previously reported that the results of transabdominal
cerclage were comparable to those in singleton pregnancies, and that indications for transabdominal cerclage may
be justifiable even in multiple gestations [33]. There is only
a limited amount of data relating to prophylactic transab-

dominal cervical cerclage following cervical conization;
further studies are now needed with larger sample sizes.
In order to avoid the significant levels of heterogeneity among different publications relating to pregnancy
outcomes, we selected publications for our analysis using strict criteria. The results were calculated by fixed
models due to slight heterogeneity. The results of our
meta-analysis showed that there was a large variation
between the two groups with regards to the occurrence
of preterm birth and PROM. The rates of preterm birth and
PROM were significantly higher in women with prophylactic transvaginal cervical cerclage than those without
cerclage. However, there was no significant difference in
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Study
or subgroup

With
cerclage
Events

Without
cerclage

Total Events Total

Geum Joon Cho et al. 2018
10
161
Harald Zeisler et al. 1997
4
30
Kei Miyakoshi et al. 2019
37
171
MiYoung Shin et al. 2010
10
25
Sharon Armarnik et al. 2011
2
18
Tal Rafaeli-Yehudai et al. 2014
3
22
Total (95% CI)
427
Total events
66
Heterogeneity: Chi2 = 9.36, df = 5 (p = 0.10); I2 = 47%
Test for overall effect: Z = 3.22 (p = 0.001)

22
6
137
13
6
17

914
39
1163
31
35
87
2269

Weight
9.5%
7.5%
50.6%
16.7%
5.9%
9.9%
100.0%

Ratio Risk

Ratio Risk

M-H. Random,
95% CI
[1.25, 5.35]
[0.27, 2.80]
[1.33, 2.54]
[0.51, 1.80]
[0.15, 2.89]
[0.22, 2.17]
[1.17, 1.93]

M-H. Random,
95% CI

201

0.01

0.1

Without cordage

1

10

With cerclage

100

Figure 4. Meta-analysis of premature rupture of membranes (PROM)
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With
cerclage
Events

Without
cerclage

Total Events Total

Weight

Geum Joon Cho et al. 2018
10
161
22
914
Kei Miyakoshi et al. 2019
22
171
155
1163
MiYoung Shin et al. 2010
10
25
13
31
Sharon Armarnik et al. 2011
2
18
6
35
Total (95% CI)
375
2143
Total events
44
196
Heterogeneity: Tau2 = 0.13; Chi2 = 6.30, df = 3 (p = 0.10); I2 = 52%
Test for overall effect: Z = 0.65 (p = 0.52)

24.7%
37.7%
28.2%
9.3%
100.0%

Ratio Risk

Ratio Risk

M-H. Random,
95% CI
2.58 [1.25, 5.35]
0.97 [0.64, 1.46]
0.95 [0.51, 1.80]
0.65 [0.15, 2.89]
1.18 [0.71, 1.96]

M-H. Random,
95% CI

0.01

0.2

0.5

Without cordage

1

2

5

With cerclage

10

Figure 5. Meta-analysis of preterm premature rupture of membranes (PPROM)
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3
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6
6
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0.62 [0.17, 2.23]
0.65 [0.15, 2.89]
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25
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Without cordage
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With cerclage

Figure 6. Meta-analysis of low birth weight
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Sharon Armarnik et al. 2011
Tal Rafaeli-Yehudai et al. 2014
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cerclage

18
22

2
3

Total (95% CI)
40
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2
Heterogeneity: Chi² = 0.03, df = 1 (p = 0.85); I2 = 0%
Test for overall effect: Z = 0.16 (p = 0.88)

Ratio Risk
M-H. Random,
95% CI

35
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52.9%
47.1%

M-H. Random,
95% CI
0.97 [0.09, 10.01]
1.32 [0.14, 12.07]
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100.0%

1.14 [0.23, 5.63]
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1
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Figure 7. Meta-analysis of perinatal mortality
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Figure 8. Funnel plot; A — preterm birth; B — PROM;C — PPROM; D — low birth weight; E — perinatal mortality

the risk of PPROM, low birth weight, and perinatal mortality, when compared between patients with prophylactic
transvaginal cervical cerclage than those without cerclage.
In most studies, the indication for cerclage operation was
not stated in detail. Some of the heterogeneity between
studies that we observed during our meta-analysis may
have been associated with the different basic characteristic line, including pregnancy time, auxiliary exam level,
medical history and whether there was a subjective judgment for cerclage.
This meta-analysis suggested that prophylactic transvaginal cerclage following conization increases the risk of
preterm birth and PROM. In France, a history-indicated cerclage is not recommended for women with only a history

of conization [31]. In another study, Kaye and Giraldo-Isaza
considered that the increasing risk of PROM following
cervical cerclage may related to the risk of ascending infection [32, 33].
Thus far, a variety of treatment methods has been used
for cervical conization, including electrocautery, cryotherapy, laser ablation, cold knife conization, hot knife conization,
and LEEP [36, 37]. Some studies reported that different
conization methods have different effects on pregnancy
outcomes [38, 39]. A recent meta -analysis reported that the
risk of preterm birth and adverse sequelae in a subsequent
pregnancy was increased after any local cervical treatments
[40]. Furthermore, The larger the scope of the operation,
the more obvious the adverse effect on the following preg-
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Table 3. Characteristics of transabdominal cerclage
Study

Year

Nation

Case
number

Conization
method

Cerclage
technique

pregnancy outcome

Vaginal bleeding (1);
Preterm labor (1);
PPROM (1)

Neonatal
outcome

Ioannis
Kyvernitakis
[33]

2014

Germany

15 (twins)

Radical Surgical
Conization (15)

Transabdominal
cervicoisthmic
cerclage (14);
Laparoscopic
transabdominal
cervicoisthmic
cerclage (1)

M. Besio [31]

2004

Chile

7 (singleton)

Wide conization (5);
unknow (2)

Transabdominal
cervicoisthmic
cerclage

Chorioamninitis (2, conization
method unknow)

Stillborn (1)

Conization twice (3),
conization (2); radical
Surgical Conization
(5)

Transabdominal
cerclage

Miscarriage (4); Second
trimester of pregnancy (2); not
conceive (1)

Not clear

Two or three previous
conizations or
a cervical amputation

Laparoscopic
abdominal
Cerclage

One woman delivered at 31
weeks, others had
cesarean section at 36–39
weeks

Not clear

Shinichi Ishioka
[34]

2018

Japan

10
(singleton)

Mads Riiskjaer
[32]

2012

Denmark

11
(singleton)

nancy outcomes [cold knife conization (CKC) > large loop
excision of the transformation zone (LLETZ) > laser ablation
(LA)], and was also higher for excision than ablation. The
risk of preterm birth increased with the increasing conization depth [40].
The present meta-analysis includes the most recent
literature. We used strict criteria, which could ensure the
quality of the including published studies. We also calculated Newcastle-Ottawa-Scale NOS in order to determine
the quality of the studies included. We also determined
publication bias in order to ensure that our results were
robust. For strengthening our conclusions, we also adopt
meta-regression and in influence analyses.
There are some limitations in this meta-analysis that
should be considered. First, the publications included were
retrospective studies, and the overall quality of these studies
was not high. Secondly, although we applied strict inclusion
and exclusion criteria, it was possible that we did not include
other biological factors that could have affected pregnancy
outcome. Third, our analyses only considered publications
that were written in English. Finally, we were not able to
sub-divide the conization according to the height of the
cervical conization column.

CONCLUSIONS
In conclusion, our meta-analysis suggested that prophylactic transvaginal cervical cerclage following conization increases the risk of preterm birth and PROM. Further
studies, with a larger sample size, should now be performed
in order to confirm our findings.
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Alive (26);
perinatal
deaths (3);
stillborn (1)
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ABSTRACT
Objectives: Low back pain during pregnancy is a common disorder with an obscure etiopathogenesis. This study sought
to investigate the association of low back pain by assessing various epidemiologic and clinical risk factors including weight
changes, the presence of striae gravidarum, and intraperitoneal adhesions.
Material and methods: A total of 250 pregnant women between 37 and 40 gestational weeks who were scheduled for
cesarean section were included in this multicenter prospective trial. Sociodemographic parameters and physical examination findings were noted and assessed as potential risk factors that may play a role in the development of low back pain.
Results: The mean age of the study population was 29.98 ± 5.23 years and low back pain was identified in 120 (48%)
patients. According to the logistic regression results, an increase in BMI (%) during pregnancy (odds ratio: 1.240; 95% CI:
1.061–1.448; p = 0.007) is correlated with the presence of low back pain. Separately, receiver operating characteristic curve
analysis suggested that an increase in BMI (%) during pregnancy has a sensitivity of 77.5% and a specificity of 60% for the
prediction of low back pain, and the cutoff point was found to be 15.5%.
Conclusions: Our results imply that an increase in BMI (%) was correlated with low back pain during pregnancy. Weight
gain should be personalized for each pregnancy and the increase in BMI (%) during gestation should be reduced. Measures
should be taken to assure appropriate weight control to prevent low back pain during pregnancy.
Key words: pregnancy, low back pain, body weight, body mass index
Ginekologia Polska 2021; 92, 10: 714–719

INTRODUCTION
Low back pain during pregnancy has remained an incomplete puzzle in maternal medicine for some time. Pregnancy is one of the most sensitive periods during which
women will suffer from low back pain in their life, with low
back pain being approximately four times more common in
pregnant women than those who are not at the same age
[1]. Globally, 45–50% of pregnant women may suffer from
low back pain during gestation [2, 3]. Given this high rate,
this clinical entity constitutes a significant health problem
that remarkably deteriorates the quality of life of women
and restricts their capacity to perform a job or to carry out
their normal daily activities [4]. In one study, more than 80%
of pregnant women with low back pain reported having
difficulties with standing and walking and 68% of pregnant

women with low back pain experienced pain during sexual
intercourse [4]. However, since low back pain is perceived
as a temporary and mild condition by the patients and
their health care providers initially, it is often ignored rather
than considered to be a significant disorder. On the other
hand, it may be treated simply and effectively following early
diagnosis with the awareness of risk factors.
Many studies hoping to understand risk factors for low
back pain during and after pregnancy have been carried out
to date, especially in recent years. However, the etiologic
risk factors remain unclear. Low back pain in previous pregnancies is the most well-documented risk factor for such
during subsequent pregnancies; however, the exact findings conflict among different studies and are simply seen
as suggesting that low back pain in previous pregnancies

Corresponding author:
Serap Fırtına Tuncer
Department of Obstetrics and Gynaecology, University of Health Sciences Antalya Training and Research Hospital, Antalya Eğitim ve Araştırma Hastanesi,
Varlık Mh. Kazım Karabekir Cd., 07100 Antalya, Turkey
e-mail: drserap.firtina@hotmail.com
Received: 13.02.2021 Accepted: 8.05.2021 Early publication date: 3.08.2021
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.

714

Serap Fırtına Tuncer, Hasan Aykut Tuncer, Low back pain during pregnancy

pairs with low back pain in the current pregnancy without
a causative relationship and known pain mechanism [2, 3,
5, 6]. Maternal age, maternal weight, ethnicity, the number
of previous pregnancies, and any prior abortions are some
reported etiologic factors but, again, the results all conflict
to some extent in previous studies [2, 3, 7, 8]. In one recent
study, it was also postulated that the presence and severity of low back pain were correlated with the presence and
severity of striae gravidarum in pregnant women [9].
Many authors have claimed that the main mechanisms
in the development of low back pain during pregnancy
are related to the profound effect of pregnancy on the
musculoskeletal system, which involves shifting the center
of gravidity, leading to lumbar spine hyperlordosis and
anterior tilting of the pelvis [2, 10]. Some authors believe
that the mechanical changes that may lead to low back
pain during pregnancy are thought to be changes in body
mass index (BMI) [2, 10]. However, studies on the effects of
weight gain and considering changes in BMI during pregnancy are limited in number. Moreover, the existing studies
are not comprehensive and do not consider the impacts of
the wide range of reported or suspected mechanical risk
factors on the lumbar spine and muscles, such as intraperitoneal adhesions that may form after prior surgeries. As
low back pain during pregnancy is often a health problem
disabling pregnant women in daily life, the risk factors
for lumbar pain during pregnancy constitute an important research priority. Thus, to add to the current body of
literature, in the present study, we sought to investigate
various epidemiologic and clinical risk factors including
weight changes, the presence of striae gravidarum, and
intraperitoneal adhesions.

MATERIAL AND METHODS
This randomized, multicenter prospective trial was implemented in the obstetrics and gynecology departments of
two tertiary care centers between the University Of Health
Sciences Antalya Training and Research Hospital and the
Akdeniz University School of Medicine Hospital. Approval
from the local institutional review board was obtained before the study (26.06.2019/597). The study was conducted in
compliance with the principles of the Helsinki Declaration.
We recruited a total of 250 term pregnant women who
were not in active labor and who were admitted for elective
cesarean section. Pregnant women over 37 weeks of gestation were accepted as being term. As intraperitoneal adhesions could only be evaluated during cesarean section, only
pregnant women who were scheduled for this procedure
were included in the present study. These pregnant women
were evaluated in terms of low back pain, striae gravidarum,
and the presence of intraperitoneal adhesions. Sociodemographic parameters and physical examination findings were

noted and assessed as possible risk factors that might play
a role in the development of low back pain.
Low back pain was defined per the consensus approach
regarding the standardization of back pain definitions for
use in prevalence studies [11]. According to this system,
pregnant women were questioned regarding the presence
of back pain in the preceding four weeks and whether the
pain had interfered with their performance of daily activities
or altered their course of life for at least one day. Pregnant
women with positive replies to both questions were accepted as positive for low back pain [11]. Data were collected
using patient evaluation sheets.
The Davey scoring system was employed to classify the
striae gravidarum [12]. The abdomen was divided into four
quadrants, using the midline and a line drawn horizontally
through the umbilicus as reference points. Each quadrant
was assigned a score, with clear skin awarded zero points,
moderate (1–3) striae awarded one point, and many (≥ 4)
striae awarded two points. The sum of the scores of all four
quadrants was calculated to obtain the total striae score for
each participant [12].
Exclusion criteria included the presence of systemic
diseases, urgent delivery, detection of uterine contractions
at initial admission, premature rupture of membranes, cervical dilatation, chronic hypertension, and failure to communicate.

Statistical analysis
Continuous variables were described by means and
standard deviations or medians and quantiles and categorical variables were described by frequencies and percentages. The distribution of continuous variables was examined
by using visual (e.g., histograms and probability plots) and
analytical (Kolmogorov–Smirnov and Shapiro–Wilk tests)
methods. The relationships between continuous variables
and back pain were compared using an independent-samples t-test or the Mann–Whitney U test according to the
distribution of the variables. The relationship between categorical variables was compared with the chi-squared test.
Independent variables with p-values of less than 0.05 in
the univariate analysis were included in the logistic regression analysis. Also, cutoff values were determined during
receiver operating characteristic curve analysis by using
Youden’s index. A p-value of less than 0.05 was defined as
statistically significant.

RESULTS
Table 1 presents an overview of the demographic
and clinical characteristics of our study population. The
mean age of the study population was 29.98 ± 5.23 years
and low back pain was identified in 120 (48%) patients. The
median numbers of gravidity and parity were three and one,
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Table 1. Demographic and clinical characteristics of the study
population
Characteristics

Parameters

Values

Age (years)

Mean ± Sd

29.98 ± 5.23

Gravidity

Median
25th–75th percentiles

3
2–3.25

Parity

Median
25th–75th percentiles

1
1-2

Gestational period
(days)

Median
25th–75th percentiles

271
266–273

Absent
Present

46 (18.4)
204 (91.6)

1
2
3

138 (55.2)
45 (18.0)
21 (8.4)

Fetal Gender

Female
Male

129 (51.6)
121 (48.4)

Height (cm)

Median
25th–75th percentiles

163
159–167

Prepregnancy body
weight

Median
25th–75th percentiles

62
56–73.25

Prepregnancy BMI

Median
25th–75th percentiles

23.24
21.48–28.42

Body weight at labor
(kg)

Median
25th–75th percentiles

74.5
69–85

BMI at labor (kg/m2)

Median
25th–75th percentiles

28.38
25.46–33.28

Weight gain during
pregnancy (kg)

Median
25th–75th percentiles

12
8–15

BMI increase during
pregnancy

Median
25th–75th percentiles

4.23
3.01–5.76

BMI increase during
pregnancy (%)

Median
25th–75th percentiles

17
12–22

Uterine fundus height
(cm)

Median
25th–75th percentiles

34
33–36

Birth weight (g)

Median
25th–75th percentiles

3335
3110–3590

Working status during
pregnancy

Always sitting down
Often sitting down
Half time sitting down
Often standing up
Always standing up

17 (6.8)
129 (51.6)
57 (22.8)
32 (12.8)
15 (6.0)

Diabetes

Absent
Present

234 (93.6)
16 (16.4)

Polyhydramnios

Absent
Present

237 (94.8)
13 (5.2)

Striae gravidarum score

Median
25th–75th percentiles

Striae gravidarum

Absent
Mild
Severe

80 (32.0)
40 (16.0)
130 (52.0)

Intraperitoneal
adhesion

Absent
Film
Severe

87 (34.8)
113 (45.2)
50 (20.0)

Low back pain

Absent
Present

130 (52.0)
120 (48.0)

Previous history of
surgery

3
0–8

Percentages are given in parenthesis ‘Values’ column. BMI — body-mass index;
kg — kilogram; cm — centimeter; g — gram
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respectively. The median weight gain during pregnancy
was 12 kg (25th–75th percentiles: 8–15 kg) and the median BMI increase during pregnancy was 4.23 kg/m2 (25th–
–75th percentiles: 3.01–5.76 kg/m2). The median increase
in the percentage (%) of BMI from prepregnancy to labor
was 17% (25th–75th percentiles: 12–22). Striae gravidarum
was detected in 170 (68.0%) and intraperitoneal adhesions
were observed in 163 (65.2%) of participants, respectively.
The results of the analysis of the relationships between
the presence of low back pain and demographic and clinical features are shown in Table 2. According to univariate
analysis, gravidity (p = 0.011), previous history of surgery
(p = 0.006), weight gain during pregnancy (p < 0.001), BMI at
labor (p = 0.02), BMI increase during pregnancy (p < 0.001),
BMI (%) increase during pregnancy (p = 0.001), standing
up during work time (p = 0.002), striae gravidarum score
(p = 0.014), and the presence of intraperitoneal adhesions
(p = 0.002) were correlated with the presence of low back
pain.
Separately, according to logistic regression results, BMI
(%) increase during pregnancy (odds ratio: 1.240; 95% confidence interval: 1.061–1.448; p = 0.007) was correlated with
the presence of low back pain. Receiver operating characteristic curve analysis revealed that the BMI (%) increase
during pregnancy had a sensitivity of 77.5% and a specificity
of 60% for the prediction of low back pain, while the cutoff
point was 15.5%.

DISCUSSION
The present study is a preliminary study of weight gain
factors affecting low back pain. As part of this research,
prepregnancy body weight and BMI, body weight and BMI
at labor, weight gain, and BMI increase and BMI (%) increase
during the course of pregnancy were analyzed. Also, to
our knowledge, this study is the first to evaluate the effect of striae gravidarum and intraperitoneal adhesions
in the same cohort. Our results indicated that weight gain
changes during pregnancy, the presence and intensity of
striae gravidarum, and intraperitoneal adhesions are more
frequent in pregnant women with low back pain. According
to logistic regression analysis, our results support that BMI
(%) increase during pregnancy is significantly correlated
with the presence of low back pain.
We found that each one-unit increase in BMI (%) increases the occurrence of low back pain by 24%. The associated
weight gain may lead to an overload of the lumbar vertebra, pelvic girdle, and lower extremities and a shift in the
center of gravity anteriorly as a result of these events. Thus,
increased lordosis is a compensatory action to counteract
this change in the center of gravity. However, increased lordosis causes low back pain due to the amplification of load
on the pelvic girdle. Increased maternal weight, the laxity
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Table 2. The relationship of demographic and clinical characteristics with the occurrence of low back pain
Characteristics

Parameters

Age [years]

Mean ± SD

Gravidity

Median
IQR

Parity

Low Back Pain

P-value

Absent

Present

30.38 ± 5.36

29.55 ± 5.07

0.212

3
2

3
1

0.011

Median
IQR

1
1

2
1

0.301

Gestation [day]

Median
IQR

270
5,5

272
7

0.862

Previous history of surgery

0
1
2
3

20 (43.5)
66 (47.8)
26 (57.8)
18 (85.7)

26 (56.5)
72 (52.2)
19 (42.2)
3 (14.3)

0.006

Fetal Gender

Female
Male

67 (51.9)
63 (52.1)

62 (48.1)
58 (47.9)

0.984

Height

Median
IQR

163
7

162
9

0.518

Prepregnancy body weight

Median
IQR

62,5
22

62
16

0.338

Prepregnancy BMI

Median
IQR

23.25
8.08

23.24
6.89

0.830

Body weight at labor [kg]

Median
IQR

73
20

75
12

0.212

BMI at labor

Median
IQR

27.23
8.76

29.26
6.68

0.02

Weight gain during pregnancy [kg]

Median
IQR

10
6

14
6

< 0.001

BMI increase during pregnancy

Median
IQR

3.50
2.2

5.07
2.47

< 0.001

BMI increase during pregnancy [%]

Median
IQR

13
9

20
11

0.001

Uterine fundus height [cm]

Median
IQR

33
3

34
3

0.071

Birth weight [g]

Median
IQR

3370
541

3325
400

0.658

Working position during pregnancy

Always sitting down
Often sitting down
Half time sitting down
Often standing up
Always standing up

11 (64.7)
74 (57.4)
30 (52.6)
12 (37.5)
3 (20.0)

6 (35.3)
55 (42.6)
27 (47.4)
20 (62.5)
12 (80.0)

0.022

Standing up during work time

Less or equal than half time
More than half time

115 (56.7)
15 (31.9)

88 (43.3)
32 (68.1)

0.002

Diabetes mellitus

Absent
Present

120 (51.3)
10 (62.5)

114 (48.7)
6 (37.5)

0.385

Polyhydramnios

Absent
Present

126 (53.2)
4 (30.8)

111 (46.8)
9 (69.2)

0.116

Striae gravidarum score

Median
IQR

2
7

4
7

0.014

Absent
Mild
Severe

53 (66.3)
15 (37.5)
62 (47.7)

27(33.8)
25 (62.5)
68 (52.3)

0.004

Absent
Mild/Severe

53 (66.3)
77 (45.3)

27 (33.8)
93 (54.7)

0.002

Absent
Film
Severe

49 (56.3)
65 (57.5)
16 (32.0)

38 (43.7)
48 (42.5)
34 (68.0)

0.007

Absent
Film/Severe

114 (57)
16 (32)

86 (43)
34 (68)

0.002

Striae gravidarum

Intraperitoneal adhesion

Percentages are given in parenthesis in ‘Low Back Pain’ column. BMI — body-mass index; kg — kilogram; cm — centimeter; g — gram; IQR — interquartile range
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of ligaments that stabilize the vertebral and sacroiliac ligaments, direct compression of lumbosacral nerve roots by the
uterus and fetus, the tension of spinal antigravity muscles
due to an insufficiency of anterior abdominal muscles, and
muscular fatigue may lead to low back pain [13, 14]. The
increase in BMI may be reflected as a remarkably increased
mechanical load on the pelvic and lumbar joints leading to
increased low back pain. Thus, the pain usually starts in the
18th week of gestation and attains peak intensity between
the 24th and 36th weeks [7]. This shows the effect of weight
gain and compensatory mechanisms on low back pain during the progress of pregnancy through the trimesters. Even
though low back pain during pregnancy disappears in 93%
of cases within three months, 7% of patients experience persistent and severe pain after delivery [7]. Excessive weight
gain during pregnancy is also correlated with low back
pain after pregnancy [15]). It was reported that pregnant
women with a gestational weight gain of 15 kg or more are
2.3 times more likely to experience low back pain relative to
women with less than 10 kg of gestational weight gain [15].
This situation alongside our findings leads us to stress the
importance of reducing the weight back to prepregnancy
levels after delivery to decrease lumbosacral pain.
The Institute of Medicine recommends a total weight
gain not exceed 12.5 to 18 kg for underweight women,
11.5 to 16 kg for normal-weight women, 7 to 11.5 kg for
overweight women, and 5 to 9 kg for obese women during
pregnancy [16]. These recommendations aim to prevent
adverse maternal and fetal health conditions. Such that inadequate gestational weight gain was asoociated with small
for geatational age newborns whereas excessive gestational
weight gain was associated with large for gestational age
newborns [17]. In the case of low back pain during pregnancy, according to our results, weight gain should not
be standardized for women with the same prepregnancy
body weights. The increase in BMI (%) has more impact
on the occurrence of low back pain when compared with
gestational weight gain. Moreover, according to our results,
to decrease the occurrence of low back pain, weight gain
should be personalized for each pregnant depending on her
prepregnancy body weight and height. Thus, certain weight
gain (or increase in BMI) for pregnant women having lower
prepregnancy BMI values is correlated with greater low back
pain when compared with a similar amount of weight gain in
pregnant women with higher prepregnancy BMI values. This
may be explained by the weaker adaptation and because
the strengthening of capacities of the musculoskeletal system to handle the body weight increase over a very short
time like pregnancy may vary from woman to woman [10].
According to our results, these capacities may be lower in
pregnant women with lower prepregnancy BMI values such
that the same amount of body load increase more severely
718

affects pregnant women with weaker and taller bodies. This
hypothesis should be investigated in further biomechanical
studies in pregnant women.
In addition, we found that a 15.5% increase in prepregnancy BMI has a sensitivity of 77.5% and specificity of 60%
for the occurrence of low back pain. That means that, with
a 15.5% increase in prepregnancy BMI, the probability of
low back pain in a woman is 77.5%. However, if there is no
increase in BMI of 15.5% or greater, the probability of the
absence of low back pain is just 60%. Our results suggest
the presence of other etiologic factors like exercises during
pregnancy probably interfere with body weight and compensatory musculoskeletal etiopathogenesis. As compensatory mechanisms demonstrated by the musculoskeletal
system play a role in the development of low back pain,
muscle-strengthening exercises should not be neglected
during pregnancy. Thus, pregnant women should be encouraged to engage in regular exercise as it was shown
that regular exercise adherence is associated with positive
long-term effects on BMI [18].
The results of our study may not fit with all pregnant
women globally of different ethnicities because genetics,
working status and nutrition habits may change geographically, however, our study is unique in terms of analyzing various epidemiologic and clinical risk factors including weight
changes, the presence of striae gravidarum, and intraperitoneal adhesions in pregnant women for low back pain.

CONCLUSIONS
To conclude, low back pain during pregnancy is a common disorder, but its etiopathogenesis is not well-understood at this time. Our results imply that an increase in BMI
(%) is correlated with low back pain during pregnancy.
Weight gain should be personalized for each pregnancy
depending on the BMI. The increase in BMI (%) should be
minimalized. Finally, weight control should be achieved
with a multidisciplinary approach that includes proper
nutrition and exercise to prevent low back pain during
pregnancy.
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ABSTRACT
Objectives: To investigate efficacy of online-offline integrated medical care management in patients with gestational
diabetes.
Material and methods: A total of 140 patients with gestational diabetes were randomly divided into two groups: integrated
management (IM) group (n = 70) and control group (n = 70). Patients in the control group were treated with routine nursing
intervention, and the patients in the IM group were treated with integrated care (offline medical and nursing management
combined with WeChat online management). The fasting plasma glucose (FPG), 2h postprandial plasma glucose (2hPG),
Self-rating Anxiety Scale (SAS) score, Self-rating Depression Scale (SDS) score, Diabetes Care Profile (DPC) score, 36-item
Short-Form (SF-36) score, and poor pregnancy outcomes were compared between the two groups.
Results: After intervention, the FPG, 2hPG, SAS score, SDS score, DPC score and SF-36 score were improved in both
groups. All indicators in the IM group were better than the control group (p < 0.05). The incidence of premature delivery,
polyhydramnios, neonatal respiratory distress, intrauterine distress, and postpartum hemorrhage in the IM group were
lower than those in the control group (p < 0.05).
Conclusions: The online-offline integrated medical care management effectively improved the blood glucose level, mental
state, self-management behavior, quality of life and pregnancy outcomes of patients with gestational diabetes.
Key words: Integrated medical care; WeChat; gestational diabetes
Ginekologia Polska 2021; 92, 10: 720–725

INTRODUCTION
Gestational diabetes is a common comorbidity in women during pregnancy. It refers to diabetes that appear or are
diagnosed during pregnancy with normal glucose metabolism or potential impaired glucose tolerance, which poses
a certain threat to maternal-neonatal life and health [1–4].
It takes several weeks from diagnosis to delivery for gestational diabetes, and the traditional in-hospital face-to-face
communication is relatively short, and it is difficult to predict
long-term effects on patients with gestational diabetes.

Objectives
This study uses the integrated intervention services
which combined offline medical-nursing management and
online management, aiming to explore a more effective
management model for patients with gestational diabetes.

MATERIAL AND METHODS
Study population
A total of 140 patients with gestational diabetes in The
Sixth Affiliated Hospital of Xinjiang Medical University were
enrolled in this study. The inclusion and exclusion criteria
were shown as following: 1) Inclusion criteria: first-diagnosed
gestational diabetes; without any treatment; consent and
sign informed consent; 2) Exclusion criteria: complication
with pregnancy-induced hypertension, pregnancy-related
heart disease and other pregnancy complications; accompanied by premature rupture of membranes, threatened
abortion and other dangerous pregnancy conditions; severely obese pregnant women; accompanied by mental
system disorders Sexual diseases; withdraw during study.
The 140 enrolled patients were randomly assigned to integrated management (IM) group (n = 70) or control group
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(n = 70). The age of patients in the IM group ranged from
21 to 36 years old, with an average of (29.47 ± 3.23) years
old; gestational age was 24 to 28 weeks, with an average of
(26.70 ± 3.11) weeks. The age of the control group ranged
from 23 to 37 years, with an average of (29.78 ± 3.22) years;
gestational age was 24 to 28 weeks, with an average of
(27.87 ± 3.02) weeks. There was no statistical difference
between these two groups of age and gestational age
(p > 0.05).

Interventions
The control group used routine interventions, working from two paths: doctor-patient and nurse-patient.
Two doctors were mainly responsible for the formulation
and implementation of the diagnosis and treatment plan,
and 2 nurses were mainly responsible for the guidance
of medication, diet, and psychology. Doctors conducted
ward rounds once a day, and nurses conducted ward
rounds 3–6 times a day based on patient’s condition. The
responsible nurse gave introduction to patients to help
them adapt to the new environment as soon as possible.
During the hospitalization period, patients were guided
to eat a healthy diet, recommended to eat small and frequent meals (5–6 times a day, ensure that pregnant women
do not feel hungry) and avoid high-sugar, high-oil, and
high-fat foods. Patients were advised to strictly follow
the doctor’s suggestion of medication. Moreover, nurses
introduced the importance of standardized medication
to patients in detail, actively communicated with patients
and gave encouragement and support to reduce their
psychological burden. After plasma glucose of patients
were stably controlled and they were discharged from
the hospital, discharge guidance was given to patients
and their families. The patients were reexamined once
a week. Each reexamination investigated the diet, exercise
and medication of the patients, and conducted education
again until the end of the day before delivery.
Patients in the IM group were given an integrated online
and offline medical management: 1) Establish an integrated
medical and nursing management team: one section director, one attending doctor, one head nurse, and one responsible nurse. 2) Integrated medical and nursing rounds: Doctors
and nurses conduct ward rounds together to enhance the
integration of medical and nursing communication in order
to provide a full range of nursing services. Doctors and nurses conduct ward rounds more than three times a day, and
nurses conduct rounds 3–6 times a day based on patient’s
condition. 3) Offline management of integrated medical
care: Doctors were responsible for explaining the diagnostic
criteria, clinical symptoms and interpretation of individualized treatment plans for individual patients with gestational

diabetes. Nurses were responsible for explaining how to take
and inject hypoglycemic drugs and insulin face-to-face and
giving dietary advice (5–6 meals a day, ensure that pregnant
women do not feel hungry), for example, pay attention to
intake of protein, vegetables, fruits, vitamins, etc., and avoid
high sugar, high oil, high fat, and spicy diet. Nurses recommended patients to take a walk for 20–30 minutes after
lunch and dinner daily, instructed patients to do pregnancy
gymnastics every Tuesday and Thursday afternoon. Nurses
also needed to actively communicate with patients, listen
to their inner needs and concerns, give feedback to the
attending doctor and evaluate patient’s mental state with
doctor, in order to give suggestions and encouragement
to relieve the patient’s negative emotions. 4) Online management of integrated medical care: Establish a WeChat
group by integrated medical and nursing management
team and add patients and their families to the WeChat
group one day before discharge. WeChat group publishes
relevant knowledge about gestational diabetes including
precautions, reasonable diet, exercise guidance, etc. At the
same time, comfortable atmospheres were created, patients
were encouraged to actively and freely talk in the WeChat
group, share their experience and form an atmosphere of
mutual assistance, conduct one-to-one WeChat guidance
once a week to answer questions from patients, and urge
patients to strengthen self-management and follow up on
time. After discharge, on-line review for each patient was
conducted once a week to investigate the diet, exercise and
medication of each patient. The offline one-to-one guidance
was conducted if necessary. Both groups were intervened
until the end of the day before delivery.

Outcomes
The fasting venous blood of the two groups of patients
was collected before and after the intervention at the early
morning. The fasting plasma glucose (FPG) and the 2 h
postprandial plasma glucose (2hPG) were measured using
an automatic biochemical analyzer.
The mental states of the two groups of patients were
evaluated before and after the intervention. The evaluation tools were the self-rating anxiety scale (SAS) [5] and
the self-rating depression scale (SDS) [6]: there are 20 items
in the SAS scale with 4-level. The statistical scores of each
item were multiplied by 1.25 to obtain standard score after
the evaluation is completed. The upper limit of the normal standard score was 50 points. 50–59 for mild anxiety,
60–69 for moderate anxiety, and > 69 for severe anxiety. For
SDS scale, there are also 20 items with 4-level. The statistical scores of each item were multiplied by 1.25 to obtain
standard score after the evaluation is completed. The upper
limit of the normal standard score was 53 points. 53–62 for
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mild depression, 63–72 for moderate depression, > 72 is
severe depression. For both scales, the higher score stands
for more severe symptoms.
The self-management behaviors of the two groups of
patients were evaluated before and after the intervention.
The evaluation tool used was Michigan Diabetes Care Profile (Diabetes Care Profile, DCP) [7]. There were five factors
including patients’ self-management attitude (11 items),
self-management ability (4 items), diet compliance (4 items),
exercise problems (5 items) and blood glucose or urine
glucose monitoring problems (11 items) were evaluated.
Each item was divided into five levels, from 1 to 5 points. The
score of each factor was obtained by adding the scores of all
items under each factor and then dividing by the number of
items. Among them, the higher the scores of self-managements attitude, self-management ability, and dietary compliance, reflect the better behavior of the self-management.
However, the higher the scores of exercise problems and
blood sugar or urine glucose monitoring reflect the worst
behavior of the self-management.
The quality of life of the two groups of patients was
evaluated before and after the intervention using Concise
Health Status Scale (SF-36, 0–100) [8]. The higher the score,
the better the quality of life.
Finally, occurrence of poor pregnancy outcomes between the two groups were recorded and compared.

Statistical analysis
Statistical software SPSS19.0 was used for data analysis. The data conforms to the normal distribution were
presented as mean ± standard deviation. Student t-test
was used for the comparison between the two groups. For
data that does not conform to the normal distribution is
represented by the median (quartile) and analyzed with
rank sum test. The enumeration data were presented as n
(%) and analyzed with the X~2 test. P < 0.05 was considered
as statistically significant.

RESULTS
Blood glucose test
Before intervention, for FPG and 2hPG, there was no
difference between the two groups (p > 0.05). After intervention, the levels of FPG and 2hPG were decreased in both
groups. Moreover, the levels of FPG and 2hPG in IM group
were significantly lower than control group (p < 0.05). Results were shown in Table 1.

Mental state
Before intervention, the SAS and SDS scores between
the two groups was not statistically significant (p > 0.05).
After intervention, the SAS and SDS scores of the two groups
were decreased, and the scores of the IM group were remarkably lower than that in the control group (p < 0.05). Results
were shown in Table 2.

Self-management behavior
Before intervention, there was no significant difference
between the two groups in self-management attitude,
self-management ability, diet compliance, exercise problems, blood sugar or urine glucose monitoring problems
(p > 0.05). After intervention, the score of self-management
attitude, self-management ability and dietary compliance in
IM group were significantly higher than that in control group
(p < 0.05), while the cores of exercise problems, blood sugar
or urine glucose monitoring problems were significantly
lower than those of the control group (p < 0.05). Results
were shown in Table 3.

Quality of life
Before intervention, the difference in the quality-of-life
scores between the two groups was not statistically significant (p > 0.05). After intervention, the scores were increased
in both groups. Moreover, he scores of the IM group were
remarkably higher than that of control (p < 0.05). Results
were shown in Table 4.

Table 1. Comparison of blood glucose testing between the two groups
Time
Pre-Intervention

Group

Cases

FPG [mmol/L]

2hPG [mmol/L]

IM

70

8.07 ± 1.23

11.70 ± 2.06

Control

70

8.18 ± 1.24

11.86 ± 2.18

0.500

0.431

t
p
Post-Intervention

0.618

0.667

IM

70

5.02 ± 0.64a

7.12 ± 1.02a

Control

70

6.27 ± 0.77a

7.93 ± 1.24a

t

10.386

4.179

p

0.000

0.000

FPG — fasting plasma glucose; 2hPG — 2h postprandial plasma glucose; IM — integrated management; Pre-Intervention vs Post-Intervention, ap < 0.05
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Table 2. Comparison of the mental state of the two groups
Time

Groups

Pre-Intervention

Cases

SAS score

SDS score

IM

70

56.44 ± 6.42

58.70 ± 5.24

Control

70

56.81 ± 5.34

59.53 ± 5.93

Post-Intervention

t

0.369

0.870

p

0.712

0.386

IM

70

45.14 ± 3.53a

46.10 ± 3.27a

70

49.34 ± 3.11a

51.11 ± 3.65a

t

7.418

8.494

p

0.000

0.000

Control

SAS — self-rating anxiety scale; SDS — self-rating depression scale; IM — integrated management; Pre-Intervention vs Post-Intervention, ap < 0.05

Table 3. Comparison of self-management behavior between the two groups
Time

Group

Pre-Intervention

Post-Intervention

Cases

Selfmanagement
attitude

Selfmanagement
ability

Diet
compliance

Exercise
problems

Blood glucose or urine
glucose monitoring
problems

IM

70

3 (3.4)

3 (3.3)

2 (2.2)

4 (4.4)

4 (3.4)

Control

70

3 (3.4)

3 (3.3)

2 (2. 2.5)

4 (4.4)

4 (3.4)

Z

0.816

0.577

1.633

0.577

0.251

p

0.414

0.564

0.102

0.564

0.801

IM

70

4 (4.4)a

4 (4.4)a

3 (3.3)a

3 (3.3)a

3 (3.4)a

Control

70

4 (4.4)a

4 (3.4)a

2 (2.3)a

3 (3.3)a

4 (4.4)a

Z

2.282

4.472

6.272

2.021

5.393

p

0.005

0.000

0.000

0.034

0.000

IM — integrated management; Pre-Intervention vs Post-Intervention, ap < 0.05

Poor pregnancy outcomes
The incidence of premature delivery, polyhydramnios,
neonatal respiratory distress, intrauterine distress, and postpartum hemorrhage in the observation group were lower
than those in the control group (p < 0.05). Results were
shown in Table 5.

DISCUSSION
Gestational diabetes is a common comorbidity in pregnant women. In recent years, the incidence of gestational
diabetes in pregnant women has increased, which may have
a certain impact on pregnancy outcome and even influence
the metabolic system of newborns after adulthood [9–12].
At present, the pathogenesis of gestational diabetes is not
completely clear, most studies believe that high-oil and
high-fat diet, insufficient vitamin intake, and insufficient exercise are all risk factors for promoting gestational diabetes
[13–16]. The above-mentioned risk factors can be improved
through lifestyle intervention. Therefore, the development
of a comprehensive nursing management model is of great
significance to promote the rehabilitation of patients with
gestational diabetes.

The integrated medical and nursing management is
to integrate the traditional two independent and separate working modes: doctors to patients and nurses to patients. Under this working mode, doctors participate in
nursing work, and nurses understand the diagnosis and
treatment plans made by doctors. The two have common
medical goals and responsibilities under an integrated
framework, cooperate with each other, participate in the
decision-making process together, thereby improving the
efficiency of medical services and promoting patient recovery [17]. Several studies have shown that the integration of
medical care and nursing can help achieve the desired nursing effect [18, 19]. For patients with gestational diabetes, it
takes at least several weeks from diagnosis to delivery. The
traditional in-hospital face-to-face communication is relatively short, and it is difficult to produce long-term effects
on patients with gestational diabetes. In recent years, with
the widespread establishment and promotion of the Internet, APP software such as WeChat has emerged, providing
an effective platform for extended medical services. A meta-analysis on diabetes intervention showed that the health
education and management of diabetic patients through
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Table 4. Comparison of the quality of life between the two groups
Time
Pre-Intervention

Post-Intervention

Group

Cases

SF-36 score

IM

70

74.63 ± 9.89

Control

70

71.14 ± 11.19

t

1.939

p

0.055

IM

70

88.24 ± 7.75a

Control

70

79.61 ± 7.84a

t

6.501

p

0.000

IM — integrated management; SF-36 — 36-item short-form; Pre-Intervention vs Post-Intervention, ap < 0.05

Table 5. Comparison of adverse pregnancy outcomes between the two groups
Group
IM
control

Premature
delivery

Polyhydramnios

Macrosomia

Neonatal
respiratory
distress

Intrauterine
distress

Postpartum
hemorrhage

3 (4.29)

1 (1.43)

2 (2.86)

4 (5.71)

2 (2.86)

3 (4.29)

14 (20.00)

10 (14.29)

4 (5.71)

15 (21.43)

12 (17.14)

18 (25.71)

x2

8.101

7.992

0.697

7.368

7.937

12.605

p

0.004

0.005

0.404

0.007

0.005

0.000

IM — integrated management

mobile APP can effectively reduce the patient’s blood glucose and glycosylated hemoglobin, and the weight is also
significantly improved [20]. O’Reilly et al’s study showed that
patients with gestational diabetes have fully affirmed the
health information and resource support provided by mobile APP [21]. A study from University of Berlin demonstrated
that extended interventions for patients with gestational
diabetes through mobile APP can effectively reduce the
occurrence of poor pregnancy outcomes [22].
In the present study, patients in the control group were
treated with conventional nursing care, while the patients
in the IM group were treated with integrated care which
combined offline medical and nursing management with
WeChat online management. The results showed that after intervention, the levels of FPG, 2hPG, SAS score, SDS
score, self-management behavior score, and quality of life
score was better in IM group than that in control (p < 0.05),
while the incidence of premature delivery, polyhydramnios, neonatal respiratory distress, intrauterine distress,
and postpartum hemorrhage were lower than those in the
control group (p < 0.05), suggesting that the online-offline
integrated medical care management had better nursing
effect. The possible reason could be that the integrated
medical care management has improved the efficiency
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of medical services. Doctors and nurses conduct rounds
together and carry out health guidance together. At the
same time, the application of WeChat APP provides an effective extended platform for integrated medical and nursing
management. Patients can also get health consultation in
time after discharged from the hospital, so that they could
transform from passive treatment model to active self-management, thereby improving the level of self-management
and pregnancy outcomes.

CONCLUSIONS
To sum up, the online-offline integrated medical care
management could effectively decrease the level of blood
glucose, improve the mental state, self-management behavior, quality of life and pregnancy outcome of patients
with gestational diabetes.
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Uterine niche after cesarean section: a review of
diagnostic methods
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ABSTRACT
The consequence of each cesarean section is the uterine scar formation. In some patients, uterine scar after cesarean section heals incompletely and as a result, the uterine niche is formed. Most of the small niches are asymptomatic, but the
large cesarean scar niches in nonpregnant women may cause a cesarean scar syndrome, which manifest itself as abnormal
uterine bleeding, dysmenorrhea and secondary infertility. Among pregnant women, the presence of large niches may be
associated with potentially life-threatening consequences, such as cesarean scar dehiscence and uterine rupture, placenta
accreta spectrum disorders, placenta previa, cesarean scar pregnancy. Due to the possibility of dangerous consequences
related to the occurrence of a uterine niche, in recent years many studies have focused on the term of cesarean scar niche,
its risk factors, diagnostic methods and treatment options. Uterine niche can be examined using two- or three-dimensional
transvaginal ultrasonography, as well as two- and three-dimensional sonohysterography, hysterosalpingography, hysteroscopy or magnetic resonance imaging. However, neither of the above diagnostic method is considered as the “gold standard”.
There are no unambiguous guidelines on some aspect concerning the diagnosis of cesarean scar niche.
The aim of this study is to analyze and describe the diagnostic methods of cesarean section niche.
Key words: uterine niche; cesarean section niche; diagnostic methods; ultrasonography; sonohysterography
Ginekologia Polska 2021; 92, 10: 726–730

INTRODUCTION
In recent years, many studies have focused on the term
of uterine niche after cesarean section. It is well known that
the consequence of each cesarean section is the formation
of uterine scar. In 50–70% of patients after cesarean section,
a niche develops due to defective tissue healing [1, 2] It is
defined as myometrial indentation at the site of the cesarean section scar with a depth of at least 2 mm [3].
Most of the small niches are asymptomatic. The clinical
symptoms related to the presence of large uterine niche,
and so-called cesarean scar syndrome includes abnormal
uterine bleeding, dysmenorrhea and secondary infertility
[4–6]. Obstetric complications of large cesarean scar niche
in pregnancy may pose a risk of serious consequences because they are associated with scar dehiscence and uterine rupture, placenta accreta spectrum disorders, placenta
previa, cesarean scar pregnancy [1, 7, 8]. Therefore, it is
so important to early and correctly diagnose the uterine
niche and implement an appropriate management, in cases
requiring treatment.

Uterine niche can be examined using two- or three-dimensional transvaginal ultrasonography, as well as two- and
three-dimensional sonohysterography [9], hysterosalpingography, hysteroscopy or magnetic resonance imaging
[2]. However, neither of the above diagnostic method is
considered as the “gold standard”.
The aim of this study is to analyze and describe the
diagnostic methods of cesarean section niche.

TRANSVAGINAL ULTRASOUND (TVUS)
Transvaginal ultrasonography is the initial and least
invasive diagnostic method used to evaluate the integrity
of the uterus wall. The cesarean section scar may take the
form of an isolated niche, a niche with fibrosis, an isolated
fibrosis [10]. In TVUS, small niches may not be visible, or their
parameters may be underestimated [11, 12].
There were no uniform standards for the uterine niche’s
assessment.
In 2007, in the study entitled “Ultrasonographic analysis
of cesarean scar features in nonpregnant uterus” for the
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first-time standardized ultrasound evaluation of the uterine
niche was presented [13]. In 2012, the same parameters
were introduced for ultrasound examination of pregnant
uterus by Naji et al. [14].
In 2013, Tower et al. proposed a uterine niche classification based on RMT and RMT/adjacent myometrial thickness
(AMT) ratio as the only ultrasound niche features [15].
In 2019, the guidelines for sonographic examination of
uterine niche in non-pregnant women according to a modified Delphi procedure were introduced [3]. According to
these guidelines, basic niche evaluation includes the measurement of its length, depth, width, RMT, AMT, along with
documentation and measurement of the present niche’s
branches (Fig. 1). RMT, length, depth of the niche should be
measured in the sagittal plane, while the transverse plane
is used to measure the width and identify its branches.
The assessment of the distance between the niche and the
vesicovaginal fold, and between the niche and the external
os of the cervix provide an extended niche assessment,
which is helpful in surgical strategy planning. The use of
Doppler imaging is not obligatory but can be useful in differentiating uterine niches from hematomas, adenomyomas,
and fibrotic tissue. This publication also introduces the classification of niches according to their shape, with a division
into simple niche, simple niche with one branch, complex
niche [3].

SONOHYSTEROGRAPHY (SHG)
Sonohysterography is a diagnostic method in which
transvaginal ultrasonography of the uterus is enhanced
by instillation of fluid into the uterine cavity to provide
an anechoic contrast medium. It may be the sterile saline
solution (SCSH) or gel (GIS).

Figure 1. Basic evaluation of the simple niche according to the study
of Jordans IPM, et al. “Sonographic examination of uterine niche in
non-pregnant women: a modified Delphi procedure” [3]; L — length;
D — depth; RMT — residual myometrial thickness; AMT — adjacent
myometrial thickness

During sonohysterography the same parameters of the
cesarean scar niche as with TVUS are measured, but it enables better visualization and demarcation of isthmocele.
Additionally, it has increased sensitivity and specificity for
the detection of uterine niches by enhancing the isthmocele and allowing its dynamic evaluation. Compared to
transvaginal ultrasonography, it detects more niches [16,
17] and more of them are classified as large [18]. It is more
invasive examination than TVUS and carries a low risk of
complications (such as infections). During this examination,
the cesarean scar niche may also be overestimated (about
1–2 mm) due to its overstretching by flushed into uterine
cavity fluid [15]. The study by A. El-Mazny et al. showed that
the detectability of the cesarean scar niche in SHG compared
to hysteroscopy is 96%, while for intrauterine adhesions
91%, therefore SHG is a good alternative in the assessment
of the uterine cavity [19].

THREE-DIMENSIONAL (3D) IMAGING
All niche parameters and its volume could be measured
using 3D ultrasonography. The study by M. Alalfy showed
that 3D sonohysterography is as accurate in assessing the
uterine niche after cesarean section as 2D sonohysterography. However, the use of 3D sonography provide better characterization of the cesarean scar niche, because of
superior evaluation of the RMT and niche width before the
Intracytoplasmic Sperm Injection [20].
In the study by A. Ludwin et al. [21] to improve the reliability of volume estimation and morphological assessment
of cesarean niche, as well as its classification (see below), the
3D-SCSH in conjunction with Sonography-based Automated
Volume Count software (SonoHysteroAVC) or Virtual Organ Computer-aided AnaLysis (VOCAL) was used.9 Another
study used 3D transvaginal ultrasonography to create a uterine niche’s model and the VOCAL program to determine its
volume (Fig. 2).

Figure 2. 3D model of cesarean scar niche

www. journals.viamedica.pl/ginekologia_polska

727

Ginekologia Polska 2021, vol. 92, no. 10

HISTEROSALPINGOGRAPHY (HSG)
Hysterosalpingography is a radiologic examination
mainly used in the diagnosis of female factor infertility. It is
done under fluoroscopy to visualize the uterine cavity and
lumen of the fallopian tubes. This examination can identify
the cesarean scar niches that can be the cause of secondary
infertility after cesarean section. In the study by K. Suprapaneni and J. E Silberzweig, among 148 patients with history
of cesarean section and technically adequate hysterosalpingograms, 60% of them had uterine cesarean scar niches [22].
Isthmocele in HSG is visualized as a leakage of contrast
from the uterine cavity into a myometrial defect. HSG also
allows classification of the uterine niches in terms of its
shape and location [23].
The limitation of this diagnostic method is its inability to
accurately measure RMT and other parameters of the niche.
Moreover, if blood or mucus is accumulated in the isthmocele, HSG may not clearly identify the uterine niche [24].

MAGNETIC RESONANCE IMAGINING (MRI)
MRI relies upon the magnetic properties of living tissue.
It detects the magnetic moment created by single protons
in hydrogen atoms.
The use of MRI allows to determine all parameters of
the niche, as well as niche and uterine cavity content on
the sagittal T2-weighted views [2].
In study Marotta et al. [25] it has been shown that RMT
measurements in MRI were related to those assess through
TVUS.
MRI of the cesarean scar niche is not widely used due to
its cost and availability. However, because it provides a comprehensive insight into the anatomy of the pelvis and its
pathology, thanks to a higher tissue resolution and a wider
field of view in comparison to TVUS, it is particularly useful
in planning surgery, especially if there are other pathological
conditions of the female’s reproductive organs.

HYSTEROSCOPY
Diagnostic hysteroscopy is the “gold standard” in the
diagnosis of uterine abnormalities. During this examination,
the presence of the cesarean section scar niche can be
directly visualized and confirmed [18, 26]. So far, the classification of the niches in hysteroscopic examination has not
been described. The uterine niche in hysteroscopic examination is defined in various ways, e.g., a cavity with fibrotic
ring, a pouch-like defect, a diverticulum with/without mucosa, a dome-shaped niche with nodules of endometrial
hyperplasia/vascular hyperplasia [27]. There are no data in
the literature on the relationship between the appearance
of the uterine niche and the presence of clinical symptoms.
During hysteroscopy, which was performed in a group of
women with abnormal uterine bleeding after cesarean sec728

tion, the areas of profuse vascularization or polyps in niche
were present [25, 28]. Hysteroscopy can also show the invagination of the myometrium with residual blood, which
may correspond to the menstrual blood accumulating in
the niche or related to endometriosis [28].
Histological analysis of samples taken after hysteroscopic treatment of uterine niches showed the presence of
chronic inflammatory infiltration of the endocervix, fibrosis
and necrosis, adenomyosis and polyps [6, 26, 29]

WHAT IS THE OPTIMAL TIMING FOR THE
CESAREAN SECTION NICHE ASSESSMENT?
There are no unambiguous guidelines regarding the
time after the cesarean section in which the uterine scar
should be assessed.
In the study of L.F. van der Voet et al. [30] differences in
cesarean scar niche’s parameters dimensions were shown
among patients, in whom the niche was the first time examined 6–12 weeks after the cesarean section, compared to the
results of the examination performed one year after surgery.
Contrary to changing uterine scar parameters, the incidence
of uterine niche was unchanged. Other studies in which uterine niches were re-evaluated 6–24 months apart also showed
a decrease in RMT over time after cesarean section [31].
The reduction in RMT or AMT /RMT ratio may be caused
due to tissue reactions or a reduction in uterine muscle
swelling during the healing process. Another theory involves
the interaction of the uterus with adhesions between the
uterus and the abdominal wall, resulting in an increase in
niche depth and a decrease in RMT [32]. Moreover, uterine
contractions can affect the RMT, and the accumulation of
menstrual blood in the niche can increase the pressure on
RMT, causing the change on its dimension [30].

IN WHICH PHASE OF MENSTRUAL CYCLE
SHOULD WE ASSESS UTERINE NICHE?
There are no clear guidelines regarding the phase of
the menstrual cycle in which a cesarean scar should be
assessed [3]. According to some authors, the best time to
perform an ultrasound examination is when the endometrial
thickness is the smallest, it means immediately after the
menstruation [33]. In another publication, the best time is
during/after a few days after the menstruation [20]. According to the modified Delphi protocol, the ultrasound niche
evaluation between 7.–14. cycle day may prevent the need
for additional infusion fluid due to its natural intrauterine
occurrence in the midfollicular phase [3].
A 3D-sonohisterography evaluation of the niche should
be performed between the 17–25 day of the menstrual cycle
because the cervical mucous during the preovulatory phase
and blood deposits after menstruation may mix with the infused saline, which will deteriorate the quality of imaging [9].
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HOW CAN WE CLASSIFY THE CESAREAN
SECTION NICHES?
The literature lacks in uniform classification of cesarean scar niche. The first classification system of uterine niches was proposed by Gubbini in 2011 [6]. This classification
was based on the measurement of the depth, base of the
isthmocele and on calculation of its triangular area. This allowed to classify the uterine niches after cesarean section
according to the size of its area.
In other studies, the large niche is when it penetrates to
a depth of at least 50% or 80% of the uterine muscle or when
RMT is ≤ 2.2 mm in transvaginal sonography and ≤ 2.5 mm
in sonohysterography. In the situation, when there is no
remaining defect over the isthmocele, it is a total defect of
the uterine niche [34].
In the classification (VTS system) of cesarean section
niches, which was proposed by A. Ludwin et al., the niche
volume, RMT, presence supplementary features (niche’s
branches, urinary bladder not covering the niche and suspicion of deeply infiltrating endometriosis in the niche) were
assessed [9]. Depending on the obtained total score, the
niche is classified as probably clinically irrelevant or relevant.

CONCLUSIONS
There are still no unambiguous diagnostic and classification standards for uterine niches after cesarean section. Due
to the growing number of cesarean sections and thus the
growing problem of the increasing number of large uterine
niches, which pose a risk of serious health consequences,
it is necessary to create standardized diagnostic and therapeutic algorithms.
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ABSTRACT
Premature rupture of membranes (pPROM) affects about 4% of pregnancies and remains the main cause of preterm delivery (PTD). We currently lack a method for screening patients at high risk of pPROM as well as causal treatment for this yet
not fully understood pathology of pregnancy. Promising, potential markers are proteins from a family of lectins-galectins.
To date, 13 subtypes have been identified in humans. Particular galectins inhibit the mother’s immune response to the fetus,
thus enabling the maintenance of pregnancy and delivering at term. So far, the role of some galectins has been proven in
relation to early pregnancy complications, hypertension and preeclampsia, fetal growth disturbances (including fetuses
small for gestational age, fetal growth restriction and macrosomia) and even in physiological processes which occur during healthy pregnancy. In reference to pPROM galectins seem to be linked to pathomechanisms leading to weakening of
the structure of membranes and in result their rupture. Examination of galectins appears to be crucial for understanding
certain pathologies of pregnancy and gives hope for the effective identification of risk groups and future causal treatment.
Key words: pPROM; galectins; preeclampsia; FGR; SGA
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INTRODUCTION
Preterm premature rupture of fetal membranes (pPROM)
is defined as a rupture of membranes before the end of 37th
gestational week. It is estimated that this problem affects
about 4% of pregnancies and is responsible for almost half
of preterm deliveries (PTD) [1]. Despite great advances in
perinatal care in recent decades, the number of premature
births caused by pPROM has been constantly increasing
[2]. We currently have numerous methods to facilitate the
diagnosis (e.g., rapid tests that allow detection of IGFBP-1 or
PAMG-1 from a vaginal swab sample, tests for vaginal pH),
but we still do not have an effective tool to identify pPROM
likelihood markers. Several risk factors have been recognized, including: bacterial or fungal infection in the reproductive tract at each stage of pregnancy, multiple pregnancy,
polyhydramnion, vaginal bleeding in the first trimester, and socioeconomic factors (including mainly cigarette smoking) [3],
however, the exact pathophysiological mechanisms are not
yet discovered. The currently prevailing view is that pPROM
is a complication caused by the disease of the membranes

themselves, in which the key role is played by oxidative
stress [4], leading first to the weakening of the membrane
structure and then to their rupture. Therefore, it is believed
that the inflammatory process is secondary to pPROM, because due to the microdamage that occur, the membranes
of the fetus become the gateway to potential infection [5].
The putative markers which may effectively screen patients
at high risk for pPROM are galectins.
Galectins are a group of proteins from a family of lectins,
characterized by the ability to bind B-galactosides due to
the presence of a sugar recognition domain — CRD (carbohydrate recognition domain) in their structure [6]. To date,
13 subtypes have been identified in humans [7]. They differ
in structure and functions — from migration, through cell
growth and differentiation, tolerance and immune response
[8], to directing a cell to apoptosis [9]. Galectins are a subject
of research in many fields of medicine, especially oncology and cardiology. Also in obstetrics, there are reports of
their key role in, for example, the regulation of trophoblast
development, migration and invasion as well as placental
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angiogenesis [10]. They are also responsible for signaling to
direct cells of the fetal membranes to apoptosis in case of
rupture of membranes [11]. Therefore, galectins are accountable for the proper course of pregnancy. In relation to clinical
trials in obstetrics and gynecology, their most interesting
role seems to be the modulation of the immune response.
Some galectins inhibit the mother’s immune response to
the fetus, thus enabling the maintenance of pregnancy and
delivering at term [12]. That is why their in-depth examination and learning mechanisms of action appears to be
crucial for understanding some pathologies of pregnancy
and gives hope for the effective identification of risk groups
and future causal treatment.

GALECTINS IN OBSTETRICS
In the present light, pregnancy is an allogeneic transplant that leads to mild chronic inflammation in normal
pregnancy [13, 14]. The expression of individual galectins
was described in, inter alia, the placenta, fetal membranes,
as well as in maternal blood, and they appear to be involved
in the process of fetal tolerance by the mother, including
regulation of the inflammatory response associated with
pregnancy [7, 15].

Early pregnancy
Increased expression of individual galectins can be noticed at the earliest stages of pregnancy. The expression of
galectin-1, -3 and -9 has already been described in relation to
embryogenesis [9], and together with galectin-15 they also
play an important role in the implantation process, enabling
adhesion of the blastocyst to the uterine epithelium [16].
Galectin expression affects not only trophoblast but also
maternal immune cells. Galectin-1, inter alia, inhibits the
proliferation of T-lymphocytes, leads to the apoptotic pathway of activated CD8 +, Th1 and Th17 cells, and inactivates
pro-inflammatory cytokines [17, 18]. It also plays an important role in the apoptosis of activated T-cells present in
the decidua [19], thus contributing to the maintenance of
maternal tolerance to the fetus [15, 19].
A study on a mouse model showed that the mice exposed to stress had lower expression of decidual galectin 1,
which resulted in more frequent loss of pregnancy. Interestingly, this effect was reversible after exogenous administration of recombinant galectin-1, which may in the future be
associated with the possibility of a potential causal treatment preventing early pregnancy loss [15].
Galectin-1 is also involved in the process of trophoblast
invasion and placental angiogenesis. It stimulates the production of proangiogenic factors, thus ensuring the correct
placental synthesis [20].
Galectin-9 creates an immunologically friendly environment for implantation thanks to its role in inducing the
732

transformation of peripheral NK cells (natural killer) into uNK
(uterine natural killer). A decreased number of uNK cells has
been found in the case of miscarriage in the early stages of
pregnancy, which suggests an important role of galectin-9 in
the maintenance of pregnancy [21].
The role of other galectins, including in particular galectin-3, -8, -13, -14, -15, -16 and -17, also seems to be important
in the processes occurring in early pregnancy. However,
they are less known but still of interest to both molecular
biologists and clinicians.

Hypertension and preeclampsia
Preeclampsia is the most studied complication of pregnancy in terms of changes in the expression and concentration of galectins in several body fluids. It is also one of the
most serious complication which affects approximately 7%
of pregnancies and is associated with many aftermaths, including the risk of death for both the mother and the fetus
[22]. Overexpression of galectin-1 and -3 and decreased
-13 were found in decidua and trophoblast cells both in
patients with mild and severe preeclampsia and in HELLP
(hemolysis, elevated liver enzymes, low platelet count)
syndrome [23], which is related to abnormal trophoblast
invasion leading to those complications [24]. Interestingly,
the abovementioned deviations from the norm already
occur in the early stages of pregnancy, which will develop
preeclampsia in the later weeks [25]. In the peripheral blood
of a mother with developing preeclampsia, a decreased
amount of galectin-1 and -13 can be observed, which may
serve as a marker of early preeclampsia in the future [26].

Fetal growth disturbances
Recent studies on the relationship of galectins with
fetuses too small for gestational age (SGA) suggest that
the smaller the child is compared to gestational age, the
higher the concentration of galectin-3 in the umbilical cord
blood, which may suggest a pivotal role of inflammation
in this pathology. Similarly, in case of intrauterine growth
restriction (IUGR), elevated concentrations of this galectin in
the umbilical cord blood were found. This likely reflects the
inflammatory response caused by chronic fetal hypoxia [27].
On the other hand, Hutter et al. proved that in the placenta
of IUGR-complicated fetuses there is a sex-dependent, statistically significant overexpression of some galectins (galectin
4, 8 and 9 in male and 9 and 12 in female) compared to
placenta of fetuses with normal birth weight [28]. The same
research group in another study confirmed the association
of reduced galectin-3 expression in fetal placenta with IUGR,
regardless of fetal gender [29]. A parallel study by Boutsikou
et al. [30] showed a correlation between the concentration
of galectin-1 and galectin-3 in the blood plasma of multiparous women with fetuses with both macrosomia and IUGR.
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Physiological delivery at term
The role of galectins has been investigated not only in
the context of pathological pregnancy, but also in the physiological processes leading to childbirth. Delivery at term in
a healthy woman is associated with local pro-inflammatory
changes that initiate the opening and shortening of the
cervix and contractions of the uterine muscle [31, 32]. During
induction of labor with oxytocin, an increased concentration
of galectin-7 is observed, while a decreased expression of
galectin-9 is noted at the site of rupture of fetal membranes
[31]. Moreover, the expression of galectin-1 is the highest
in placenta in term pregnancies compared to its earlier
stages. Galectin-1 is a placenta-specific protein, achieving
about 28 times greater expression in the placenta compared
to other body tissues [11].

Galectins in premature rupture of membranes
Premature rupture of the membranes is responsible for
almost half of the preterm deliveries [1]. It is also one of the
few pathologies of pregnancy where the exact pathophysiological mechanism is unknown. We do not have specific
methods of prevention of pPROM and, consequently, causal
treatment. It is nowadays believed that research regarding
expression and concentration of galectins in different tissues and body fluids may hopefully answer at least some
questions concerning pPROM. The expression of galectin-1,
-7, -9, -13, -14, -16 and -17 is found in the fetal membranes
themselves, but their exact functions and regulation mechanisms in this structure are unknown [7, 33].
It is assumed that there is a relationship between galectins and premature rupture of membranes, which is associated in up to 75% with bacterial infection of the membranes and/or amniotic fluid [34]. Galectin-1 is the most
studied galectin in this pathology. It has been identified in
all types of cells that build fetal membranes, including amniotic epithelial cells, chorionic trophoblast or chorio-vascular
mesenchymal cells. Previous studies suggest that during
pPROM without membrane infection, its mRNA expression in fetal membranes is comparable to that observed in
healthy pregnant women, while it increases in the case of
pPROM with histopathologically confirmed inflammation
of the membranes. Overexpression of galectin-1 in fetal
membranes might be linked to weakening of their structure, increased susceptibility to infections and ultimately
their rupture. Moreover, it is believed that galectin-1 serves
as an active barrier protecting the fetus against bacterial
infection and that it facilitates phagocytosis of excessively
produced maternal neutrophils [33].
Recent studies also suggest a role of galectin-3 in
pPROM. It is a pro-inflammatory molecule which, similar to
galectin-1, regulates the immune response. Its mechanism
of action is inhibition of apoptosis of macrophages and

monocytes. It also is their chemoattractant. However, the
relationship between pPROM and galectin-3 concentration
was proven only in the case of histopathologically confirmed
inflammation of the membranes, where the expression of
galectin-3 was statistically significantly increased in the
cytoplasm of cells building fetal membranes [35]. It is worth
mentioning that due to their strong immunosuppressive
properties, fetal membranes are used in ophthalmology
to treat corneal injuries and in the transplantation of skin
fragments, where they support the healing process and
reduce the risk of transplant rejection. The galectins (mainly
1 and 3) are most likely responsible for the mentioned immunosuppressive effects [36].
New hope was provided by recent reports on confirmed
differences in maternal galectin-1 and -3 concentrations in
mother’s blood in pPROM patients compared to healthy
pregnant women. Kaya et al. indicate that the above-mentioned galectins occur in statistically significantly higher concentrations in the serum of pregnant women with pPROM
compared to healthy patients, regardless of the inflammation
of the membranes or other inflammatory factors [37].
In the context of rupture of membranes, there are also
references to galectin-9, whose expression in the chorion is
reduced at the site of weakening of the membrane structure,
which consequently leads to their rupture [31].

CONCLUSIONS
Galectins are ubiquitous proteins with multidirectional
regulatory functions. Their expression is crucial both for the
processes related to early pregnancy and for pathologies
that appear along with its advancement. Research on the
role of galectins in the pathophysiology of pregnancy is still
at an early stage and requires further in-depth analysis. However, preliminary results suggest that some of them are
promising candidates as potential markers of pre-eclampsia,
SGA and IUGR, and may also be used as a causal treatment
for recurrent and threatening miscarriages in the future.
Galectins, in particular galectin 1, 3 and 9, may be a factor
causing a cascade of unfavorable pathophysiological reactions leading to pPROM. They are also a promising object of
research towards the discovery of markers allowing to distinguish pregnancies from groups at risk of this pathology.
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ABSTRACT
Labor pain is not only an unpleasant mental experience, but one of the most important factors that may negatively affect
the course of labor and the well-being of the fetus. Over the years, many techniques for relieving labor pain have been
developed, ranging from non-pharmacological (acupuncture, TENS, hypnosis...), through opioids and aeriform anesthetics,
to regional analgesia techniques. Numerous studies and meta-analyzes prove that central blockades are the gold standard
of labor analgesia and debunk the myths that these blockages are negatively limited to the course of labor. In the light of
recent studies, the claim that epidural analgesia increases the risk of termination by caesarean section should be rejected.
It has also been proven that central blockades do not lower the child’s APGAR score. Feeling, an indication to use a central
block during labor, should be a subjective intolerance to pain and the wishes of the mother in labor. The review presents the
directions of development and the current state of knowledge of modern medicine regarding various anesthesia techniques,
their safety for the mother, fetus and newborn, as well as practical tips to increase the satisfaction of the mother in labor.
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INTRODUCTION
Anaesthesia of a pregnant woman, regardless of the
duration of pregnancy, is always a great challenge for the
anaesthesiologist and requires close multidisciplinary cooperation. It is associated with a measurable risk to the
mother and the fetus arising from the applied procedure.
Qualified personnel and specialized equipment, as well
as the ability to perform various types of anesthesia and
fluent knowledge of the effects of the drugs used allow
to predict and effectively prevent possible complications. The review presents the directions of development and
the current state of knowledge of modern medicine regarding various anaesthesia techniques, their safety for
the mother, fetus and newborn, as well as practical tips to
increase the satisfaction of the mother in labor.

QUALIFICATION FOR THE ANESTHESIA
The location of the pathology requiring surgical treatment of the pregnant woman determines the choice of
the possible anesthesia technique. The anaesthesiologic
consultation should be performed earlier and allows a detailed explanation of the procedures, optimization of the
general condition, commissioning the necessary specialist

consultations and additional laboratory or imaging tests.
The proposed techniques of anaesthesia should be selected
taking into account the indications and contraindications and
should be as safe as possible for the mother and the fetus.

ANAESTHETIC DRUGS
The effects of drugs on rapidly dividing cells in the first
trimester of pregnancy may be teratogenic and lead to severe disorders of organogenesis, including severe congenital
abnormalities of the fetus, including pregnancy loss. We do
not have randomized trials assessing the teratogenic effects
of anaesthetic drugs on the fetus, but it seems that the doses
of routinely used anaesthetic drugs for various anaesthetic
techniques are safe. This is confirmed by the analysis of the
material collected in the National Study of the Prevention of
Birth Defects in the United States, which showed that general
or regional anaesthesia to pregnant women for dermatological, dental or gynaecological procedures, mainly in the
cervical area, regardless of the duration of pregnancy, was
not associated with the occurrence of 25 analyzed congenital
malformations assessed in the study [1].
The hypnotic drugs used for the induction of general
anaesthesia include thiopental, propofol, etomidate and ket-
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amine. Propofol and thiopental cause comparable haemodynamic changes in the mother, and the Apgar assessment
of the newborn does not differ significantly depending on
which of them was used [2]. Unlike ketamine, after which
a significantly higher number of newborns are born with
a lower Apgar result at one and five minutes when used for
general anesthesia, compared to thiopental [3].
Used intravenously as a co-analgesic for caesarean section under spinal anaesthesia, it enhances the effect of local
anaesthesia drugs, significantly extends the time of effective
postoperative analgesia without significant adverse effects
for the mother, typical for opioids [4].
Opioid drugs used in obstetrics for general anaesthesia
or central blockers are fentanyl, remifentanil, sufentanil and
morphine. They easily overcome the placental barrier, may
cause respiratory depression in the fetus and affect the Apgar score in the newborn, but it seems that this difference
compared to non-opioid analgesia is not clinically significant [5]. Remifentanil is a short-acting opioid for induction
and maintenance of anaesthesia and is administered as
a continuous infusion. It can cause short-term respiratory
depression in the newborn requiring tactile stimulation,
and even short-term mask ventilation, while it provides
the mother with excellent hemodynamic stability and may
reduce recovery during cesarean section [6].
Dexmedetomidine at a dose of 5 µg administered subarachnoid together with bupivacaine for caesarean section
enhances the anesthetic effect of bupivacaine, prolongs the
duration of sensory blockade and analgesia, and reduces
the need for other analgesics [7]. Lipophilic opioids are
used as adjuvants in central blockades. Fentanyl at a dose
of 25 µg and sufentanil at a dose of 5 µg in combination
with hyperbaric bupivacaine used for spinal anesthesia of
caesarean section are characterized by comparable effectiveness, they are safe for the mother and the fetus, while
the analgesic effect of sufentanil lasts longer [8]. Sufentanil
has no negative effects on the fetus due to its binding to
alpha1-glycoprotein at doses below 30 µg.

ANAESTHESIA FOR THE NATURAL DELIVERY
Commonly used techniques of natural birth anaesthesia
include central blockades — epidural analgesia (EA), combined spinal — epidural analgesia CSE, its variant (dural
puncture epidural analgesia DPE) and continuous subarachnoid anaesthesia (CSA). An alternative to them is intravenous
analgesia with remifentanil. The techniques listed above are
combined with patient-controlled analgesia PCA [9].

CENTRAL BLOCKADES
All central blocks used to conduct continuous analgesia
of natural labor involve the necessity of placing the catheter
in the appropriate space of the spine. EA, CSE and DPE begin
736

with the location of the epidural space most often using
a Tuohy needle with the resistance drop method. Depending
on the technique chosen, a thinner 25–27 G subarachnoid
needle is inserted through the epidural needle and the
dura mater is punctured, reaching the subarachnoid space,
where a local anesthetic drug (CSE) is administered [9], or
after puncturing the dura, the needle is extended without
administration of the drug, leaving a hole (DPE) in it [10].
Finally, in all the above-mentioned techniques, a catheter
is inserted into the epidural space through a Tuohy needle
for continuous analgesia. Early catheter placement is particularly important in the case of possible complications
throughout the course of labor on the part of pregnant
woman (severe obesity, twin pregnancy, pre-eclampsia),
or the anaesthesiologist expects difficulties in securing the
respiratory tract of the woman [11].
In the DPE technique, the opening left in the dura allows the local anaesthetic drug to translocate freely into
the subarachnoid space; Compared to epidural anaesthesia,
it has a stronger effect on the roots of the sacral nerves
and unilateral block develops less frequently. The fastest
analgesic effect, on average after two to five minutes, is
achieved with CSE, while the same level of anesthesia
is achieved only after 15–20 minutes with EA. All the techniques may extend the duration of labor, increase the risk
of instrumental extraction of the fetus, epidural hematoma
or urinary retention [12].
Local anesthetic drugs that are particularly useful in
obstetrics include bupivacaine, levobupivacaine, and ropivacaine. Ropivacaine in minimally levels overcomes the
placental barrier, gives a sensory blockade comparable to
bupivacaine, and less motor blockade, and it is less toxic
to the cardiovascular and central nervous systems [13].
Sufentanil added to a local anesthetic in CSA accelerates
the onset of sensory blockade, extends its duration and
enhances the analgesic effect of local anaesthetics, a lower
negative hemodynamic effect is observed, and achieves
effective analgesia with maintained mobility and negligible
toxicity to the fetus, however, to reduce uterine contractile
activity and extend the duration of labor [14].
Epidural anaesthesia of natural labor is performed continuously — (continuous epidural infusion CEI) or intermittently, performed by an anaesthesiologist administering
single boluses of a specific volume of the drug mixture, at
specified intervals or automatically — using a programmed
intermittent epidural pump (programmed intermittent
epidural bolus PIEB). Studies show that continuous epidural with low basal flow combined with patient-controlled
analgesia for PCEA for breakthrough pain relief increases
medication use and more frequently requires an additional
analgesic bolus, while high basal infusion reduces the incidence of breakthrough pain but increases motor block and,
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consequently, the need for instrumental extraction of the
fetus and the risk of shoulder dystocia [15].
According to Wong, the onset of natural labor using
CEI may differ depending on the anaesthesia technique
used — EA or CSE, as well as the moment at which analgesia
begins (first or second stage of labor). EA regardless of the
stage of labor is started with a bolus of 5–15 mL of a mixture
of 0.0625–0.125% bupivacaine with fentanyl 1–2 µg/mL
(50–100 µg) or with sufentanil 0.2–0.3 µg/mL (5–10 µg),
and CSE, if it begins in the first stage of labor, an opioid is
effective in minimizing pain — e.g., 25 µg subarachnoid
fentanyl, while a mixture of bupivacaine 1.25 is more effective if it begins in the late first or second stage of labor
— 2.5 mg with 15 µg fentanyl administered subarachnoid.
The maintenance of CEI in the above scheme is achieved
using a constant infusion of bupivacaine 0.05–0.1% with
fentanyl 1–2 µg/mL or sufentanil 0.2–0.3 µg/mL at a rate
of 8–15 mL/h [16]. If PCEA is added to the CEI, the scheme
may be as follows: basic infusion of a mixture of 0.05–0.1%
bupivacaine with 1.5–3 µg/mL fentanyl or 0.20–0.33 µg/mL
sufentanil at a rate of 5–8 mL/h; PCEA bolus 5–10 mL, withdrawal period 10–20 minutes [17].
PIEB of the first stage of natural labor with bupivacaine:
after the test dose (3 mL 0.125% bupivacaine with 3.3 µg/mL
fentanyl) with an interval of three minutes. administration
of 6 mL of a mixture of 0.125% bupivacaine with 3.3 µg/mL
fentanyl twice to obtain a full loading dose. Anaesthesia
maintenance: mixture of 0.0625% bupivacaine with 2 µg/mL
fentanyl, bolus 10–12 mL/h, the first one hour after the
loading dose and each subsequent one after 40 minutes,
PCEA bolus of the same 5 mL mixture, withdrawal period
10 minutes. up to a maximum dose of 30 mL/h [18].
The most effective analgesic effect is achieved if the intervals between consecutive boluses do not exceed 40 minutes. Using higher concentrations of bupivacaine during
first-stage analgesia bupivacaine 0.125% with 2 µg/mL fentanyl, a bolus volume of 5 mL provides effective analgesia if
the bolus interval is 35 minutes; however, more often there
is a sensory blockage exceeding the Th6 level [19].
PIEB of the first stage of natural labor with ropivacaine:
after the test dose (3 mL 1.73% Lidocaine carbonate), administration of the full loading dose of a mixture of 0.08% ropivacaine with 0.3 µg/mL of sufenanil in the amount of 10 mL,
maintenance of anaesthesia: 10 mL bolus of the mixture,
the first hour after the loading dose and each subsequent
PCEA bolus of the same mixture every 42 minutes — the first
10 mL, the next 5 mL, withdrawal period 10 minutes. Such
a scheme allows to avoid motor blockade and hypotension;
however, it requires further studies to assess its effectiveness
throughout the delivery [20].
Comparison of the effectiveness of analgesic therapy
and the severity of side effects of anaesthesia of natural

labor using CEI + PCEA vs PIEB + PCEA show that PIEB has
an advantage over the continuous technique, provides
comparable analgesia with lower drug consumption, gives
greater satisfaction to the mother and a lower risk of side
effects in the form of hypotension or motor block resulting
in the necessity of instrumental extraction of the fetus [21].
Advantage of PIEB + PCEA (0.1% ropivacaine + 2 µg/mL
fentanyl, 5–10 mL bolus every 1 hour, PCEA 5 mL bolus,
withdrawal period 10 min.), Compared to CEI (0.2% ropivacaine + 2 µg/mL/mL fentanyl, infusion 5–15 mL/h) has also
been shown during second-stage anesthesia, indicating that
the intermittent method is associated with a lower risk of
motor blockade, a shorter second stage of labor in primiparous women, without affecting its duration in multiparous
women and a reduction in the total dose ropivacaine [22].

Continuous spinal anaesthesia
Continuous spinal anaesthesia (CSA) is relatively rarely
used in obstetrics due to the high rate of post-dural headaches and difficulties in placing the catheter in the desired
location in the subarachnoid space. Compared to CEI or
single subarachnoid single-shot spinal anesthesia (SSA),
it is characterized by the possibility of obtaining a precisely
defined amount of sensory blockade tailored to the needs,
using small, titrated doses of drugs, which allows better control of hemodynamic changes following sympathetic blockade [23]. With the use of CSA, it is possible to perform both
natural delivery and caesarean section [24]. Labor analysis is
performed using a mixture of 0.1% ropivacaine with 2 µg/mL
fentanyl or 0.0625% bupivacaine with 2 µg/mL fentanyl by
continuous infusion at a rate of 2 mL/h; Breakthrough pains
require a bolus of 2 mL of the used mixture at an interval of
at least 15 minutes, provided that the maximum number of
additional doses does not exceed 3 per hour [25]. Remember
to increase the starting dose by the dead space volume of
the catheter used. A catheter inserted into the subarachnoid
space can be used for caesarean section. The starting dose
is 5–7.5 mg of 0.5% isobaric bupivacaine or 0.75% of hyperbaric bupivacaine; subsequent doses of 2.5 mg of the agent
used should be added every three to five minutes in order
to obtain the desired level of anaesthesia [25].

Intravenous analgesis
Intravenous analgesia is an alternative method of relieving labor pain to central blockades. It is carried out with the
use of intramuscular or intravenous opiates, most often in
the form of patient-controlled analgesia (PCA). Remifentanil (PCA-R) — a short-acting opioid with a metabolism
independent of the liver and kidneys — has turned out
to be particularly useful recently. Provides quick analgesia
with high satisfaction of the giving birth compared to other
opioids, the comparison with EA or CSE is lower in this
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analysis; in addition, PCA-R increases the risk of maternal apnea, desaturation, nausea, vomiting and sedation, without
reducing the Apgar score below seven in the fifth minute
in neonates compared to EA, and the risk of cesarean delivery is comparable to EA/CSE [26]. In the RESPITE study,
the object was to compare the effectiveness of the analgesic effect of PCA-R (40 ug bolus on demand, 2 min. blockade) with intramuscular pethidine (100 mg every 4 hours,
up to 400 mg/d) during labor, showed that PCA-R reduces
by half the necessity to perform additional AE in order to
satisfactorily eliminate the pain enabling the termination of
natural labor. Good clinical practice of labor anesthesia with
the use of opioid PCA requires constant monitoring of the
saturation of arterial blood in the pregnant woman, assessment of the degree of sedation and pain using dedicated
scales, blood pressure measurement, one-to-one care and
CTG monitoring [27].
New randomized trials comparing PCA-R with PIEB confirm that PCA-R is a safe alternative for the mother, fetus and
newborn, and has low side effects in the form of sedation,
nausea and vomiting. Even in some respects, some researchers have recognized an advantage of PCA-R over epidural
techniques, especially in terms of shortening the duration of
the first stage of labor or a higher spontaneous delivery rate
without adversely affecting the mother or the newborn [28].

Inhalation analgesia of labor
Inhalation analgesia of labor is often described as archaic, it is based on the use of a mixture of nitrous oxide
with oxygen in the ratio 1:1 — Entonox. Nitrous oxide thanks
to its short half-life - less than three minutes and low blood
solubility. It is absolutely safe for the child and mother during
delivery [29]. Intermittent use of LIVOPAN to relieve labor
pain until the end of the second stage of labor, compared
to inhalation of pure oxygen, brings significant relief to
the mother, reduces the need for intravenous pethidine
0.5 mg/kg and increases maternal satisfaction and is safe
for the fetus [30]. The main advantages of N2O as an analgesic during labor are its favorable pharmacological profile
(quick onset and rapid rinse out 30–50 s) and the possibility
of inhalation by the patient herself, who controls its administration [31].

ANAESTHESIA FOR CESAREAN SECTION
The lack of vaginal labor progress, fatigue of the
woman in labor despite pharmacotherapy, ineffective
obstetric maneuvers to induce uterine contractions, and
deteriorating fetal well-being, mainly due to impending
asphyxia, are associated with the need to terminate delivery by caesarean section. The obstetrician decides about
the conversion to cesarean section. Depending on the circumstances, the presence or absence of urgent obstetric
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indications for termination of pregnancy, as well as the skills
and experience of the anesthesiologist and equipment, we
can choose from EA, CSE, DPE, CSA, SSA or general anesthesia. Central locks are preferred. When deciding to perform
EA for Caesarean section, which has a negligible impact on
the mother and the fetus, one should consider a delayed
onset of action compared to CSE (18.3 vs 9.7 minutes), as
well as the risk of incomplete sensorimotor blockade and
insufficient muscle relaxation [32]. Sufentanl in a dose of
15–20 µg as an adjuvant added to 0.65% ropivacaine in EA
is effective in relieving intraoperative somatic-visceral pain
during strong traction of abdominal organs during caesarean section performed in multiparous women with uterine
scar following previous cesarean sections; the use of higher
doses of sufentanil increases the risk of side effects associated with the opioid (nausea, vomiting, hypotension). In the
aforementioned group of women, an effective supplementation of EA is PCA-R in a dose of 0.025–0.05 µg/kg/min, the
use of which guarantees sedation and significantly improves
the satisfaction of the mother in labor [33].
The great popularity of CSE is due to the possibility of
continuing analgesic treatment after cesarean section by
the epidural price list. For spinal anesthesia, hyperbaric
0.5–0.75% bupivacaine in a dose of 7.5–12.5 mg is used in
combination with an opioid (fentanyl, sufentanil, morphine)
— fentanyl 10–20 μg, sufentanil 5 μg, morphine 0.2–0.3 mg.
Previous suggestions that low doses of bupivacaine (< 8 mg)
used during spinal anesthesia causes lower pressure drops
and other side effects have not been confirmed because
the quality of this anaesthesia is insufficient and requires
additional painkillers [34].
Hypotension following anaesthesia is a serious problem
concerning central blockades, especially SSA. Severe or
persistent hypotension contributes to maternal dizziness,
nausea and vomiting. Ephedrin, phenylephrine and norepinephrine are sympathomimetics of alpha receptors, their
action guarantees an increase in blood pressure. They act
on beta receptors to a different extent, ephedrin the strongest — it causes tachycardia in the mother and increases the
demand for oxygen [35]. It easily crosses the placental barrier, increases fetal metabolism and may contribute to fetal
acidosis. Phenylephrin is almost beta-negative and therefore
causes reflex bradycardia that lasts 20 minutes after IV and
50 minutes after administration of SC Norepinephrine is also
an almost selective agonist of alpha receptors, it poorly penetrates the placenta, it works for about 60 seconds, thanks to
which it is easily controllable during administration. Used to
treat hypotension during SSA for cesarean delivery (infusion
of 4ug/min NA, beginning at 2.5–2.7 mL 0.6% subarachnoid hyperbaric ropivacaine) reduces the risk of maternal
tachycardia and provides greater hemodynamic stability
compared to with ephedrine infusion 4 mg/min. [36]. Nor-
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epinephrine provides better hemodynamic stability and is
less likely to cause bradycardia compared to phenylephrine.

GENERAL ANESTHESIA
General anesthesia of a pregnant woman for each procedure, including caesarean section, is the least frequently
chosen option. The most common reasons are immediate
or urgent indications for surgery, lack of time to perform
a central block or insufficient scope of anaesthesia obtained
thanks to regional anaesthesia [11]. Coagulation disorders,
intracranial hypertension, systemic infection or infection
in the puncture area in a pregnant woman make it impossible to perform a central block, while vaginal bleeding
or eclampsia force the obstetrician to decide on immediate termination of pregnancy. Close cooperation between
an anaesthesiologist and an obstetrician gynecologist is required. Apart from the constant assessment of the pregnant
woman’s vital functions in the perioperative period, the fetal
heart rate and uterine contractions should be monitored.
From 12 Hbd, a pregnant woman should always be
treated as a person with a “full stomach” regardless of the
time of eating the last meal - obligatory for 30 minutes. prior
to anesthesia, antacids should be administered, and administration of a histamine H2 receptor antagonist should be
considered [11]. The pregnant patient should be properly
positioned — with rotation to the left side, in the anti-trend
position (prophylaxis of the inferior vena cava syndrome and
strengthening of the lower esophageal sphincter). Induction
of general anesthesia must be rapid and fluent [rapid-sequence intubation (RSI)] due to the risk of aspiration of food
content, reliable 3–5 minutes pre-oxygenation (avoiding
apnea due to very low respiratory reserve — hypoxia and
hypercapnia during induction of anesthesia causes acidosis
in fetus), with oxygen flow above 10l/min. through a fully
sealed mask with capnographic monitoring [37]. Common
practice in obstetric patients should be the use of propofol
and rocuronium (1.2 mg/kg) with access to sugammadex,
succinylcholine (1.5–2 mg/kg) is also acceptable, unless there
are contraindications; Tracheal intubation remains the gold
standard, and both propofol and sevoflurane are suitable
for the maintenance of anesthesia. N2O is also a good option or addition to an inhalation anesthetic. All halogenated
inhalation anesthetics in equivalent concentrations produce
a comparable dose-dependent reduction in uterine contraction and a reduction in resting tone. This effect disappears
quickly after their supply in the breathing mixture is discontinued. Used in high flow rates, they can lead to uterine atony
and life-threatening hemorrhage immediately after delivery.

CONCLUSIONS
The paper presents the latest achievements in modern medicine concerning the pathways of anesthetic man-

agement with a pregnant woman requiring anesthesia.
The safety and health of the mother, fetus and newborn
baby are of paramount importance to the medical and
nursing team that takes care of them, carries out diagnostic
procedures or performs complex operating procedures.
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ABSTRACT
The case presented in the article is that of a 47-year-old female patient with hyperthyroidism induced by a hydatidiform
mole. Attention was drawn to the necessity of preparing the patient for a procedure with drugs that stabilize the hormonal
activity of the thyroid. The removal of the hydatidiform mole resulted in gradual normalization of thyroid hormone levels.
The trophoblast has a hormonal activity, secrete hCG (human chorionic gonadotropin).The hCG partial structural homology causes affinity to the TSH (thyroid stimulating hormone) receptor. The higher the weight of the trophoblast,
the higher the production and concentration of hCG in the blood.
Therefore, gestational trophoblastic disease may be accompanied by hyperthyroidism. The problem is frequently described, however, due to the risk of developing thyroid storm, it cannot be overlooked [1].
Key words: gestational trophoblastic disease; hydatidiform mole; hCG; hyperthyroidism
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CASE STUDY
A 47-year-old patient was admitted to the hospital due to uterine bleeding. The patient’s general condition was good.
The last menstruation started 53 days earlier. The patient was in her eighth pregnancy (5 births, 2 miscarriages in the history).
On gynaecological examination: the uterine body was enlarged, reaching 6 cm above the symphysis pubis. On TV
ultrasound: a heterogeneous 78 x 77 x 91 mm ‘Swiss-cheese pattern’ area in the uterine cavity. Both ovaries have normal
morphology.
Laboratory results are shown in Table 1.
The patient did not report any symptoms of hyperthyroidism. On physical examination the thyroid was not enlarged,
the ultrasound examination showed its normal size, slightly reduced echogenicity without increased vascularization.
Table 1. Hormonal examination and antibody results before and during treatment
13.03.19 (Before the procedure)

18.03.19

9.04.19

22.07.19

13.05.20

betahCG (mIU/mL)

414,937

26,096

919.8

2.34

< 1.0

TSH (mIU/L) [0.33–4.59]1

0.008

< 0.005

0.011

0.05

0.36

fT3 (pmol/L) [3.78–5.98]1

16.0

6.62

4.0

4.5

3.34

fT4 (pmol/L) [12.1–19.6]1

60.7

34.4

18.3

18.1

16.3

ATPO (U/mL)3 [< 60]2

< 28

ATG (U/mL)4 [< 60]2

< 28

TRAb (U/L)5 [< 1.0]2

< 1.0

1Reference values for the laboratory are given in parentheses; 2ATPO – Thyroid Peroxydase Antibodies; 3ATG – Thyreoglobulin Antibodies; 4TRAb – TSH
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Due to the patient’s age, no further procreation plans, suspicion of complete hydatidiform mole, a decision was to
excise the uterus.
Due to abnormal hormone concentrations, the patient needed to be prepared for surgery. Achieving euthyroidism,
usually requiring time, was not possible in this case. Thiamazole at a dose of 20 mg every eight hours was activated, before
the surgery hydrocortisone 100 mg was administered. Injections were repeated every six hours on the day of the surgery
and continued the first day after the surgery.
The surgical procedure has run without complications. Histopathological examination results complete hydatidiform
mole. No clinical signs of hyperthyroidism were observed postoperatively. The patient was discharged home on day four
after the surgery in good general condition.
The patient is currently under observation with no signs of hydatidiform mole or thyroid disease.

DISCUSSION
Hyperthyroidism in the course of gestational trophoblastic disease is diagnosed in 25–64% of patients [2]. Nevertheless,
the asymptomatic course is found in 5–10% of patients the risk of the storm should always be considered in every patient
with hyperthyroidism [3]. It was found that severe complications of hyperthyroidism occur in about 20% of patients [4].
The described case indicates a direct relationship between β-hCG concentration and thyroid dysfunction. A very slow
decrease in TSH concentration, with fairly rapid normalization of fT3 and fT4 concentrations after surgery.
The treatment of gestational trophoblastic disease with hyperthyroidism requires appropriate preparation of the patient to achieve euthyroidism and should be implemented as soon as possible after the diagnosis. There are no detailed
guidelines for such cases in the literature. We recommended thionamides that inhibit thyroid peroxidase and glucocorticoids that inhibit the conversion of thyroxine to triiodothyronine. In monitoring the course of treatment of gestational
trophoblastic disease it is important to pay attention not only to markers of treatment efficacy but also to clinical and
biochemical markers of thyrotoxicosis.
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Pregnancy combined with severe pneumonia caused
by Chlamydia psittaci infection — a case report
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Abstract
Objective: Chlamydia psittaci (Cps) feeds on gram-negative aerobic cells. Respiratory inhalation of Cps or close contact
with infected animals can cause psittacosis in humans. Given its challengeable early diagnosis and rapid progression,
misdiagnosis or improper antibacterial drugs may lead to multi-organ dysfunction with a high mortality.
Case report: A pregnant woman at 29+1 weeks of gestational age had a fever. CT images of the chest showed lamellar
consolidations in the inferior lobe of the right lung, light inflammation in the middle lobe of the right lung. Negative
results were obtained from multiple times of blood and sputum culture. Next generation sequencing (NGS) results
identified that Cps caused severe pneumonia, which was alleviated by specific antibiotic treatment.
Conclusion: Cps can cause severe pneumonia in the pregnant woman and be cured through precise antibiotic treatment. NGS is efficient in the rapid identification of pathogens and accurate diagnosis when bacteriological culture fails.
Keywords: chlamydia psittaci; pregnancy combined with severe pneumonia; next generation sequencing; case report
Ginekologia Polska 2021; 92, 10: 743–744

Introduction
Chlamydia psittaci (Cps) is an obligate pathogenic organism living in gram-negative aerobic cells and surviving in
vitro [1]. Misdiagnosis or improper antibacterial medication
may lead to multi-organ dysfunction, with a relatively high
mortality. Next Generation Sequencing (NGS) technique is efficient in rapid screening and identification of pathogens [2].
In this case report, we retrospectively analyzed a pregnant woman diagnosed with Cps-caused severe pneumonia
by NGS.

Case presentation
A 33-year-old pregnant woman at 29+1 weeks of gestational age (G3P2) presented to our department for 4-day
fever. She felt chill, weakness, soreness after catchin, with
developed symptoms of runny nose, nasal congestion and
dry cough without symptoms of cough, expectoration,
chest tightness and pain. The temperature continued to
rise to 39.9°C. So she was admitted to hospital. Emergency
CT of the chest (Fig. 1 a, b) showed lamellar consolidations
in the inferior lobe of the right lung, slight inflammation in
the middle lobe of the right lung, and little effusion in the
right pleural cavity. Routine blood test showed blood cell

Figure 1. CT findings of lungs. a, b. Lamellar consolidations in the inferior
lobe of the right lung, slight inflammation in the middle lobe of the right
lung, and little effusion in the right pleural cavity on the 4th day of onset.
c, d. Multiple consolidations in both lungs, and little pericardial and
pleural effusion. e, f. Improved pneumonia with clear lung fields and little
inflammatory infiltration
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count (WBC), 7.79 × 109/L; neutrophil granulocyte (NEU%), 82.40%; hemoglobin (Hb), 88 g/L; C-reactive protein (CRP),
116.54 mg/L; procalcitonin (PCT), 0.07 µg/L; blood urea nitrogen (BUN), 12.2 mmol/L. Blood gas analysis showed pH, 7.455;
PO2, 55.1 mmHg; PCO2, 30.7 mmHg; BE, –2.7 mmol/L; Lac, 1.1 mmol/L; FiO2, 0.21. COVID-19 was excluded since the patient
did not have a history of contacting or residing with COVID-19, and the nucleic acid test was negative. Cardiotocography
(CTG) suggested an increased baseline rate of the fetal heart to 170 beats/min. No other abnormal findings were detected.
Oral Lianhuaqingwen capsules and intravenous cefamandole nafate were administered on the first day after admission. Negative results were obtained from urine and blood culture. The temperature fluctuated between 37.9°C –40.1°C.
The efficacy of anti-infective was unsatisfactory. Multidisciplinary consultations involving experts in pulmonology, ICU,
pharmacy, obstetrics, pediatrics and imaging department suggested that the pneumonia had aggravated to a severity
endangering the maternal and neonatal health, and recommended terminating the pregnancy. Meanwhile, blood and
sputum samples were collected for screening pathogens by NGS. The patient was then surgically treated with lower segment cesarean section under general anesthesia. No abnormalities were found in the placenta, umbilical cord and amniotic
fluid. After surgery, the patient's temperature started to fall and fluctuated between 36.5°C and 39.6°C.
Chest CT after 2 days of surgery (Fig. 1 c, d) showed enlarged multiple consolidations in both lungs compared with last
time, and little pericardial and pleural effusion. NGS of sputum samples identified Cps as the pathogen. Through a detailed
history review, the patient reminded of having two parrots at home. The parrots died a few days before she was ill. Therefore, a therapy involving meropenem, doxycycline and moxifloxacin was given to decimate Cps. Obvious alleviation of
symptoms and reduction in temperature were observed 7 days later. Chest CT (Fig. 1 e, f ) showed an obvious absorption
of pulmonary exudation. Finally, the patient was confirmed as pneumonia caused by Cps infection.
The newborn was 1,555 g in weight. The Apgar score was 7-10-10. The newborn was given non-invasive positive pressure ventilation, poractant alfa injection for fetal lung maturation and mezlocillin sodium for anti-infection. A negative
result was obtained by NGS of sputum samples.

Discussion
Pneumonia caused by Cps has no specific imaging features, and is always diagnosed depending on cell culture and
serological tests. NGS rapidly and accurately identifies organisms by comparing sequencing data. Targeted anti-infective
therapy based on NGS can significantly reduce the use of antibacterial agents and improve the prognosis [3]. Currently,
Chlamydia infection cases have been reported with NGS-detected high nucleic acid sequences in secretion samples
from the lung tissue and lower respiratory trac [4], NGS-detected Cps infection in blood and cerebrospinal fluid samples,
however, is rarely reported. Latest studies have reported that pneumonia cases caused by Cps infection account for 1%
of all community acquired pneumonia cases [5]. To our best knowledge, pneumonia caused by Cps infection in pregnant
women has not been reported yet. In this case, Cps was not detected in the sputum sample of the newborn.
Collectively, identifying pathogen is the key event during the treatment. NGS can provide rapid and accurate detection
of pathogens when negative results are obtained from multiple times of bacteriological culture.
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