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Editorial
Sebastian Kwiatkowski

Pomeranian Medical University in Szczecin, Poland

Modern perinatal medicine is an increasingly special-
ized field that makes use of state-of-the-art technological 
and diagnostic inventions. The developments increase our 
ability to assess how the pregnancy is progressing, predict 
pathologies, and intervene during gestation. This progress 
requires that all of us should keep up with the frequent 
discoveries. At the same time, even within the maternal-fetal 
medicine domain, individual specialists tend to focus rather 
on some selected pathologies, as it is otherwise extremely 
difficult to keep abreast of the dozens of new reports and 
publications that appear each week on scientific and pub-
lisher websites. Reading their paper editions is slowly be-
coming a thing of the past, as most articles are first made 
available online. Thus, medicine — like other disciplines — is 
witnessing an accelerated pursuit of knowledge.

One of the topics that have been the subject of intense 
research in recent years is the so-called utero-placental 
compartment. The way in which trophoblast development 
and invasion progresses can lead to either success or (fre-
quently) failure of pregnancy. Beginning in the first weeks 
after embryo implantation, the trophoblast develops the 
villous tree and penetrates deep into the maternal tissues, 
thus creating a unique system that allows the fetus to grow 
in the intrauterine environment for months to come. Dis-
orders of this process can be diverse and multifactorial. 
Among the main factors impeding the development of 
this compartment are chronic maternal diseases on the 
one hand, and immunological disorders on the other. Un-
derstanding the causes and the exact mechanisms behind 
them will certainly be a challenge for us to face up to in the 
coming decades. We are now at the stage of properly select-
ing the group of patients burdened with an increased likeli-
hood of developing preeclampsia or hypotrophy caused by 
placental abnormalities. Both the conditions, although with 
completely different clinical presentations, share impaired 
placental development that manifests itself most often in 
the second half of pregnancy. Our success in understand-
ing the common pathomechanism has led to a tremen-
dous transformation over the last two decades of how 

preeclampsia is defined. The traditional diagnosis based 
on hypertension and proteinuria presented in 2003 by 
the National Heart, Lung and Blood Institute (NHLBI) [1], 
which is widely recognized, was modified in 2013 by Ameri-
can College of Obstetricians and Gynecologists (ACOG) [2]  
to include other organ changes, as well. In 2018, The  
International Society for the Study of Hypertension in Preg-
nancy (ISSHP) [3] supplemented the diagnosis by adding 
utero-placental compartment dysfunction with the clinical 
presentation of fetal growth restriction and/or umbilical 
artery flow abnormalities. The definition announced this 
year [4] includes, beside the aforementioned aspects, also 
placental abruption and, most interestingly, abnormalities 
of the placental angiogenesis parameters (sFlt/PlGF). Our 
improved insight into the causes of the condition moves 
us away from defining it as a disease to perceiving it rather 
as a syndrome with a wide variety of clinical presentations, 
where supervision requires the assessment of both perina-
tal and neonatal outcomes [5]. 

Accurate selection of pregnant patients at risk of de-
veloping placental pathologies is therefore increasingly 
important. An excellent set of tools has been provided 
by the Aspirin to prevent preeclampsia (ASPRE) study [6], 
the efficiency of which is still the subject of research [7].  
The algorithm it proposes, which takes into account both 
ultrasound and biochemical parameters, as well as medi-
cal history, has proven highly useful as a basis for the pre-
ventive introduction of acetylsalicylic acid. Currently, most 
researchers are convinced that similar predictive efficacy 
can also be achieved in the second trimester of pregnancy 
[8, 9]. However, the greatest challenges that lie ahead are 
in monitoring gestation and deciding whether to terminate 
pregnancy in women demonstrating the various clinical 
forms of placental insufficiency [10]. My belief is that a com-
bination of the traditional physical examination methods 
such as blood pressure measurement, cardiotocography, 
ultrasound, and amniotic fluid volume assessment [11] with 
modern methods for assessing placental function will be 
crucial in ensuring proper management.

https://orcid.org/0000-0003-1504-3639
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This new definition of placental insufficiency that  
accounts for its varied severity pertains to nearly 10% of 
all pregnancies. This large proportion of women at risk of 
developing this pathology requires the care of a very highly 
trained staff of specialists. It is also extremely important to 
educate the patients themselves. 

Raising awareness by educating both gynecologists and 
our patients regarding pregnancy-related issues is the task 
that we assigned to the PRENATALPROJEKT platform, which 
I was the initiator of. The rise in significance of the modern 
means of communication and social media has provided op-
portunities for us to communicate with our target audiences 
regardless of what time of day it is or where on the globe 
we live. Language barriers are also less and less of an obsta-
cle. Our meetings are open to the public, and the content 
conveyed is carefully selected to suit the audiences. More 
and more (not only academic) centers in Poland are joining 
the Project, which helps us to get to know each other and 
integrate our community. So far, we have organized more 
than a dozen meetings over the past two years, attracting 
an audience of several thousand people. The training courses 
and lectures that originally focused on issues of placental 
insufficiency now cover a variety of problems of perinatal 
medicine in general. Our cooperation, also realized through 
the Perinatology Section of the Polish Society of Gynecolo-
gists and Obstetricians (PTGiP), is growing in scope and now 
involves dozens of excellent specialists from all over the 
country. Our plans go as far into the future as 2023. In the 
coming years, we would like to go beyond the borders of 
Poland and establish cooperation in educating women with 
colleagues from Europe, with a special focus on Central and 
Eastern Europe. We would also like to encourage the younger 
generation of doctors to extend their research interests and 
become involved in educating women. In cooperation with 
the PRENATALPROJEKT Foundation, we are developing ap-
propriate tools to assist us in achieving these goals.

In the meantime, I wish to encourage you to read 
the next issue of the journal “Ginekologia Polska” 
which, thanks to the efforts of the Society, but above all  
of the Editor-in-Chief, is increasingly well-recognized  
in the Community.
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All authors declare no conflict of interest.

RefeRences
1. Roberts J, Pearson G, Cutler J, et al. Summary of the NHLBI Working Group 

on Research on Hypertension During Pregnancy. Hypertension. 2003; 
41(3): 437–445, doi: 10.1161/01.hyp.0000054981.03589.e9.

2. Hypertension in Pregnancy. Obstetrics & Gynecology. 2013; 122(5): 
1122–1131, doi: 10.1097/01.aog.0000437382.03963.88.

3. Brown M, Magee L, Kenny L, et al. The hypertensive disorders of preg-
nancy: ISSHP classification, diagnosis & management recommendations 
for international practice. Pregnancy Hypertension. 2018; 13: 291–310, 
doi: 10.1016/j.preghy.2018.05.004.

4. Magee L, Brown M, Hall D, et al. The 2021 International Society for 
the Study of Hypertension in Pregnancy classification, diagnosis & 
management recommendations for international practice. Pregnancy 
Hypertension. 2022; 27: 148–169, doi: 10.1016/j.preghy.2021.09.008.

5. Stefanska KA, Zielinski M, Jassem-Bobowicz J, et al. Perinatal and 
neonatal outcome in patients with preeclampsia. Ginekol Pol. 2021 
[Epub ahead of print], doi: 10.5603/GP.a2021.0101, indexed in Pubmed: 
34105747.

6. Rolnik D, Wright D, Poon L, et al. Aspirin versus Placebo in Pregnancies at 
High Risk for Preterm Preeclampsia. New England Journal of Medicine. 
2017; 377(7): 613–622, doi: 10.1056/nejmoa1704559.

7. Tousty P, Czuba B, Borowski D, et al. Effectiveness of Different Algorithms 
and Cut-off Value in Preeclampsia First Trimester Screening. Journal of 
Pregnancy. 2022; 2022: 1–11, doi: 10.1155/2022/6414857.

8. Litwinska M, Litwinska E, Astudillo A, et al. Stratification of pregnancy 
care based on risk of pre‐eclampsia derived from biophysical and bio-
chemical markers at 19–24 weeks’ gestation. Ultrasound in Obstetrics & 
Gynecology. 2021; 58(3): 360–368, doi: 10.1002/uog.23640.

9. Nowacka U, Papastefanou I, Bouariu A, et al. Second‐trimester contin-
gent screening for small‐for‐gestational‐age neonate. Ultrasound in 
Obstetrics & Gynecology. 2022; 59(2): 177–184, doi: 10.1002/uog.23730.

10. Kwiatkowski S, Bednarek-Jędrzejek M, Kwiatkowska E, et al. Diagnosis 
of placental insufficiency independently of clinical presentations using 
sFlt-1/PLGF ratio, including SGA patients. Pregnancy Hypertension. 2021; 
25: 244–248, doi: 10.1016/j.preghy.2021.07.245.

11. Özgen G, Dincgez Cakmak B, Özgen L, et al. The role of oligohydram-
nios and fetal growth restriction in adverse pregnancy outcomes in 
preeclamptic patients. Ginekol Pol. 2021 [Epub ahead of print], doi: 
10.5603/GP.a2021.0094, indexed in Pubmed: 34105748.

http://dx.doi.org/10.1161/01.hyp.0000054981.03589.e9
http://dx.doi.org/10.1097/01.aog.0000437382.03963.88
http://dx.doi.org/10.1016/j.preghy.2018.05.004
http://dx.doi.org/10.1016/j.preghy.2021.09.008
http://dx.doi.org/10.5603/GP.a2021.0101
https://www.ncbi.nlm.nih.gov/pubmed/34105747
http://dx.doi.org/10.1056/nejmoa1704559
http://dx.doi.org/10.1155/2022/6414857
http://dx.doi.org/10.1002/uog.23640
http://dx.doi.org/10.1002/uog.23730
http://dx.doi.org/10.1016/j.preghy.2021.07.245
http://dx.doi.org/10.5603/GP.a2021.0094
https://www.ncbi.nlm.nih.gov/pubmed/34105748


605

ORIGINAL PAPER /  G y N E cO LO G y

Ginekologia Polska
2022, vol. 93, no. 8, 605–613

Copyright © 2022 PTGiP
ISSN 0017–0011, e-ISSN 2543–6767

DOI 10.5603/GP.a2022.0002

Corresponding author:
Qiong-Zhen Ren
Department of Obstetrics and Gynecology, the Second Affiliated Hospital of Soochow University, No.1055 of Sanxiang Road, Gusu District, Suzhou 215004, China
phone: +86 13912646986, e-mail: rqz102238@163.com
and
Suhong Jia
Department of Obstetrics and Gynecology, The Second Affiliated Hospital of Soochow University, No.1055 of Sanxiang Road, Gusu District, Suzhou 215004, China 
phone: +86 15950002238, e-mail: jiasuhongjsh@163.com

Received: 17.12.2021 Accepted: 22.01.2022 Early publication date: 3.03.2022
This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles  
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

a self-developed contained bag  
for laparoscopic myomectomy morcellation

ying Wei1*, Xuelan Zhou2*, Qiong-Zhen ren1, Qi Ma3, Xiaomin tao1, Minfang Shao1, Suhong Jia1

1Department of Obstetrics and Gynecology, The Second Affiliated Hospital of Soochow University, Suzhou, China 
2Department of Anesthesiology, The Second Affiliated Hospital of Soochow University, Suzhou, China 

3Department of Ultrasonography, The Second Affiliated Hospital of Soochow University, Suzhou, China 
*These authors contributed equally to this study

abStraCt
objectives: Open power morcellation during a laparoscopic myomectomy (LM) can result in the dissemination of benign 
or occult malignant tumor cells in the abdominopelvic cavity. The development of a new contained collection bag for 
power morcellation is now favored by gynecologic surgeons worldwide. 

Material and methods: This study was a single-arm trial comprising 20 women who consecutively underwent an LM 
involving the use of a newly designed contained collection bag for power morcellation between November 3rd 2017 and 
April 31st 2018. There was also a historical control group consisting of 30 women who underwent open power morcel-
lation during an LM between May 1st 2017 and October 31st 2017. All the essential information concerning the patients 
and surgically related data, including the myoma size, the operation duration, and the cell count of the intraperitoneal 
irrigating fluid, were collected and analyzed. 

results: The uterus size and the maximum diameters of the uterus and the myoma of the two groups were not significantly 
different (p = 0.65, p = 0.71, and p = 0.31, respectively). Pseudopneumoperitoneum was established and clear visualiza-
tion was guaranteed in all 20 cases in the experimental group. The remaining fragment tissue amount (mean ± SD) and 
weight (mean ± SD) in the collection bag after morcellation in the experimental group were 5.00 ± 1.48 and 3.87 ± 1.31 (g). 
All the collection bags were routinely examined after the LM using normal saline, and no leaks or lesions were found. 
The cell counts of the intraperitoneal irrigating fluid both before and after morcellation were less than 105–106/L. The 
pathology of all the tissues confirmed that there were no malignant tumors. The operation of the experimental group 
was 18 mins longer than that of the historical control group (p = 0.00).

Conclusions: This newly designed collection bag system for LM morcellation is effective, feasible, and safe.

Key words: contained morcellation; laparoscopic myomectomy; parasitic myoma; uterine sarcoma
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introduCtion
Laparoscopic myomectomy (LM) has lower intraopera-

tive and postoperative morbidity than hysteromyomec-
tomy, and it has become the first choice for most women 
who wish to preserve their uterus. During the traditional 
operation, open power morcellation is used in the abdomi-
nopelvic cavity to facilitate removal of uterine myomas, 
but this can lead to the spread of tumor cells and greatly 
reduces the patient’s chances of survival [1–4]. The US 

Food and Drug Administration (FDA) issued a safety notice  
in 2014 to discourage the use of power morcellators in gy-
necology [5]. Afterwards, there was a worldwide reduction 
in LM surgery [6]. 

A preliminary attempt was made to address the above 
problems. After the enucleation of the myoma during the 
laparoscopic surgery, all the tissue was loaded into a con-
tained bag, and then the myoma was disintegrated in this 
same contained bag in order to prevent the tumor tissue from 
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spreading into the pelvic cavity [7]. In 2014, Chou et al. [8]  
first reported the Sydney Contained in Bag Morcellation 
technique, which involves puncturing the inflated bag. Al-
though the design of a contained morcellation system has 
progressed, there have been no reports of a single bag 
system that can accommodate the morcellator, with an assis-
tant grasping the forceps, nor one that does not risk needing 
to change the surgery to single port laparoscopic surgery or 
puncturing the inflated bag. The purpose of this study is to 
evaluate the effectiveness, feasibility, and safety of a newly 
developed contained collection bag for use during an LM.

MatErial and MEthodS
This study was a single-arm trial involving 20 women 

who consecutively underwent an LM with a newly designed 
contained collection bag for power morcellation between 
November 3rd 2017 and April 31st 2018. All the eligible sub-
jects were in the experimental group. The historical con-
trol group consisted of 30 women who underwent open 
power morcellation during an LM between May 1st 2017 and  
October 31st 2017. The patients all had routine follow-ups 
at three months, six months, one year, and two years after 
the operation. The chief complaints were recorded, and 
physical and ultrasonic examinations were performed.  
This study was approved by the ethics committee of the 
Second Affiliated Hospital of Soochow University and reg-
istered in the Chinese Clinical Trial Registry (registration 
number: ChiCTR-INR-16009840; 2016/11/13). Both the his-
torical control group patients and the experimental group 
patients underwent open power morcellation with fully 
informed consent.

The main inclusion criteria were as follows: patients 
with a uterine myoma who met the surgical indications; 
patients wishing to retain their uterus; patients planning 
to undergo an LM; women aged 20–45 years with a sexual 
history; patients willing to cooperate with follow-ups and to 
sign informed consent and with no major visceral diseases.  
The main exclusion criteria were as follows: patients who 
could not have the operation because of a serious cardio-
pulmonary disease; patients who had a procedure besides 
the LM during the same operation; and patients whose 
follow-ups could not be maintained.

bag design
The self-developed collection bag (patent No. ZL 

201520384022.2), designed by Dr.Ren Qiongzhen, was 
produced by Jiangsu Maslech Medical Technology Co., Ltd.  
It was made of thermoplastic polyurethane membrane, and 
it was biocompatible and transparent and non-flammable, 
non-melting, and non-expanding at high temperatures.  
The average maximum burst pressure was 4.4 kPa (33 mmHg) 
at a temperature of 23.1°C and a humidity of 50% RH (Ref-

erence standard: YY/T0681.3-2010, tested by Shanghai Mi-
crospectrum Technology Service Co., Ltd.). The bag was 
sterilized with ethylene oxide, and the residual amount of 
ethylene oxide was less than 10 µg/g. 

The collecting bag was composed of a main bag body, 
four pocket ports, and threading wires (Fig. 1). The volume 
of the main bag body was 1000–3000 mL. The circumference 
of the first port was 320 mm (equivalent to the circumfer-
ence of a 100 mm diameter circle), and this port was used 
to enter the lesion tissue. The edge of the first port could 
be thread with threading wire. The diameter of the second, 
the third, and the fourth ports was 16–20 mm, and the 
neck length was 80–120 mm. The latter three ports could 
be pulled out of the abdominal cavity through a punc-
ture hole, and a 5–15 mm trocar could be passed inside.  
The ports were designed with a conical shape to prevent the 
sheath from slipping. These three ports were used for the 
morcellator, the optical lens, and the forceps held by the as-
sistant. The whole bag could be entered into the abdominal 
cavity through a 10 mm trocar after being folded over. Dif-
ferent color bands were used in different ports to facilitate 
the rapid establishment of a false pneumoperitoneum.

Preoperative preparation 
 A ThinPrep cytologic test and a human papillomavirus 

test were performed to exclude cervical lesions. Patients with 
menstrual disorders, including increased menstrual volume 
and prolonged menstruation, were treated with diagnostic 
curettage to exclude endometrial lesions. Ultrasonography 
and/or pelvic computerized tomography (CT)/magnetic 
resonance imaging (MRI) were performed to determine the 
size of the uterus and the size, number, location, and char-
acter of the myomas. The operation was performed during 
the follicular phase after menstruation. The patients were 
informed of the risks and gave signed consent. Preopera-
tive vaginal sterilizing was performed once a day for three 
consecutive days before surgery, and unreserve clyster was 
used for bowel preparation one day beforehand.

Surgical technique
All the operations were performed by the same four 

experienced senior physicians. The patient was placed  
in lithotomy position under general anesthesia. Pneu-
moperitoneum at a pressure of 13–15 mmHg was es-
tablished with a CO2 insufflator (KARL STORZ, Germany). 
A 4-trocar system was used in all the operations: a 10 mm  
trocar on the umbilicus point for the optical lens; a 5 mm tro-
car on the right Mc Burney point for the assistant grasping for-
ceps; a 10 mm trocar on reverse Mc Burney point; and a 5 mm 
trocar on supra-pubic point for the chief surgeon. The LM was  
performed in a routine manner, and 1–0 synthetic suture  
was used to suture the uterine wound to stop any bleeding. 
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The reverse Maxwell’s port was extended to 15 mm in order 
to accommodate the morcellator (KJ-301) (Hangzhou Kangji 
Medical Instrument Co., Ltd). Before the morcellation, the 
abdominal cavity and pelvic cavity were rinsed with normal 
saline, and once all the rinse solution was absorbed a cell 
count was made. The folded collection bag was inserted 
into the abdominal cavity through the reverse McDonald’s 
point sheath. Under direct vision, the bag was opened by 
the assistant, and the tissue was moved into the bag though 
the first port, which was then tightened and knotted with 
2–0 absorbable suture to prevent air leakage. Under di-
rect vision, the second port was pulled out of the reverse  
Maxwell’s point puncture hole, the third port was pulled out 
of the umbilical puncture hole, the fourth port was pulled 
out of the Maxwell’s point puncture hole, and the sheath 
was put into the bag mouth. The optical lens was then put 
into the umbilical trocar, and the morcellator was pushed 
through the reverse Maxwell’s point trocar and the forceps 
through the Maxwell’s point trocar. After all the ports were 
sealed, a pseudopneumoperitoneum was established us-
ing a CO2 insufflator at the same pressure of 13–15 mmHg. 
Tissue morcellation and removal were performed under 
direct vision, with the assistant fixing the myoma in place 
with the forceps. 

After the main tumors were morcellated, the remain-
ing fragments of tissue in the bag were counted under 

laparoscopy, removed one by one, and weighed. After the 
morcellation, the air in the bag was discharged. The second 
and fourth ports were inverted and knotted to prevent 
tumor contamination, and the collection bag was removed 
through the umbilical puncture point. The abdominal and 
pelvic cavity was washed with normal saline and all the 
rinsing fluid absorbed before a cell count. The collection 
bag was carefully examined for leakage using normal sa-
line. A cell count was conducted after the red blood cells 
were lysed using FACS Lysing Solution [Sangon Biotech 
(Shanghai) Co., Ltd].

Statistical indicators and statistical analysis
The baseline statistical indicators concerning the pa-

tients were age, body mass index (BMI), fertility history, and 
previous abdominal surgery history. The main surgically 
related indicators were success rate of bag inflation, leak-
age rate, visual field clarity, operation time, remaining tissue 
fragment weight and amount, intraperitoneal irrigating 
fluid before and after morcellation, intraoperative bleeding, 
intraoperative complications (penetration of intima, injury 
of important vascular and nerve organs, etc.), post-operative 
complications, and the amount of hemoglobin before and 
after the operation. The secondary observation indexes were 
postoperative morbidity, blood transfusion rate, postop-
erative hospitalization days and hospitalization expenses, 

figure 1. Contained collection bag. The volume of the main bag body is 1000–3000 mL. The circumference of the first port is 320 mm (equivalent 
to the circumference of a 100 mm diameter circle), which was used for entering the lesion tissue. The edge of the first port could be thread by 
threading wires. The diameter of the second, the third and the fourth ports was 16–20 mm, and the neck length was 80–120 mm. The latter three 
ports can be pulled out of the abdominal cavity through puncture hole, and 5–15 mm trocar can pass through inside. The ports was designed 
in cone shape to prevent the sheath from slipping. The latter three ports was used for morcellator, optical lens and assistant grasping forceps, 
respectively. The whole bag could enter into the abdominal cavity through a 10 mm trocar after folded
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postoperative menstrual recovery, and pregnancy in previ-
ously infertile patients.

The SPSS19.0 software package (SPSS Inc., Chicago, IL, 
USA) was used for data analysis. A Kolmogorov–Smirnov test 
was used for the normality test, an independent-samples 
t-test was used for normally distributed data, a Mann–Whit-
ney U test was used for data with non-normally distributed 
data, and a Chi square test was used for count data. Statisti-
cal significance was set at p < 0.05.

rESultS
the demographic and baseline characteristics  

of the study population
The flow chart in Figure 2 shows that a total of 50 pa-

tients were enrolled in the study, 20 in the experimental 
group and 30 in the historical control group. There was no 
significant difference in age, BMI, birth history between the 
two groups (Tab. 1).

the comparison of preoperative medical history 
and imaging data

The preoperative rates of menorrhagia and/or pro-
longation of menstruation, abdominal distention and/or 
abdominal pain, urinary frequency, and infertility were 
20%, 25%, 15%, and 5% respectively, in the experimen-
tal group, and 17%, 33%, 10%, and 10% respectively, in 
the historical control group. The p values were all higher 
than 0.05. Four cases in the experimental group and five 

cases in the historical control group were complicated with 
menorrhagia and/or prolonged menstruation. Diagnostic 
curettage was performed to exclude endometrial lesions 
before admission. Preoperative imaging (B ultrasound, CT 
or MRI) showed no significant difference in uterine volume, 
maximum uterine diameter, and maximum myoma diam-
eter between the two groups. The history of abdominal 
surgery in the two groups was 50.0% in the experimental 
group and 53.3% in the historical control group (p = 0.82) 
(Tab. 2).

the comparison of intraoperative  
and postoperative conditions

The LM was completed in all 50 patients without the 
need for it to be converted to a laparotomy. There were no 
injuries to the intestinal or urinary systems, important blood 
vessels, or nerves during the operations, and no other sur-
gery was performed besides the LM. In two of the 20 cases 
in the experimental group and four of the 30 cases in the 
historical control group, the endometrium was penetrated 
during the LM (p = 1.00). These six patients were treated with 
antibiotics 24–48 hours after surgery to prevent infection, 
and mifepristone tablets 12.5 mg p.o. qd were given on the 
first day afterwards and for the next three months to prevent 
adenomyosis formation.

In the experimental group, 20 patients underwent LM 
with the use of a collection bag. Pseudopneumoperito-
neum was successfully established in all the patients, and 

table 1. Demographic and baseline characteristics of the study population

items Experiment group (n = 20) historical group (n = 30) t/Z value p-value

Mean age [years] (SD) 38.17 (5.57) 39.78 (6.07) T = –0.83 0.41

Mean BMI [kg/m2] (SD) 23.95 (2.12) 22.33 (2.25) T = 0.79 0.19

Median number of pregnancies (IQR) 2.5 (2) 2 (3) Z = –1.15 0.25

Median number of term pregnancies (IQR) 1.0 (0) 1 (0) Z = –0.60 0.55

SD — standard deviation; BMI — body mass index; IQR — interquartile range

figure 2. The study flow diagram

1.  Select the entry group according to 
the entry criteria.

2.  Collect medical history information 
and imrove auxiliary examination.

3. Sign informed consent.
4. Preoperative preparation.
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the inflation success rate was 100%. The operative field 
was clear, and the morcellation was performed success-
fully (Fig. 3), with no rupture of the bag body occurring 
during the process of morcellation. After the main tumor 
was morcellated, the number of debris fragments in the 
bag was counted under laparoscopy. The average number 

of remaining tissue fragments in the bags of the 20 patients 
was 5.00 (standard deviation 1.48), and the average weight 
of the remaining fragments was 3.87 g (standard devia-
tion 1.31). The integrity of the bag was detected by saline 
injection after operation, and no bag body was damaged. 
The operation took significantly longer in the experimental 

table 2. A comparative analysis of preoperative complaints, auxiliary examination results and previous abdominal operation history

items Experiment group (n = 20) historical group (n = 30) t/Z/Χ2 value p-value

AUB, No. (%) 4 (20.0) 5 (16.7) Χ2 = 0.00 1.00

Abdominal distention or pain, No. (%) 5 (25.0) 10 (33.3) Χ2 = 0.39 0.53

Frequent micturition, No. (%) 3 (15.0) 3 (10.0) Χ2 = 0.01 0.93

Infertility, No. (%) 1 (5.0) 3 (10.0) Χ2 = 0.01 0.92

Uterine size [cm3] (Median, IQR) 144.86, 146.78 122.32, 139.08 Z = –0.50 0.65

Maximum diameter of uterus [mm] (mean ± SD) 73.25 ± 13.94 71.33 ± 16.30 T = 0.37 0.71

Maximum diameter of myoma [mm] (mean ± SD) 62.50 ± 15.07 58.24 ± 12.14 T = 1.03 0.31

Past history of abdominal surgery, No. (%) 10 (50.0) 16 (53.3) Χ2 = 0.05 0.82

AUB — abnormal uterine bleeding; Uterine size (B ultrasound /CT/MRI) — long diameter × wide diameter × thickness diameter * 0.523 (cm3); SD — standard deviation; 
IQR — interquartile range

figure 3. Clear view of contained collection bag in LM; a. Estimated diameter of the two myomas were 8 cm and 3 cm; b. The actual size of the two 
myomas were 10 × 8 × 6 cm and 3 × 3 × 3 cm; C. The folded collection bag was inserted into the abdominal cavity through the reverse McDonald’s 
point sheath. Under direct vision, the bag was opened with the assistant and the tissue was moved into the bag though first port; d. Under direct 
vision, the second port was pulled out of the reverse Maxwell’s point puncture hole, the third port was pulled out of the umbilical puncture hole, 
the fourth port was pulled out of the Maxwell’s point puncture hole, and the sheath was put into the bag mouth respectively

A B

C D

→
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group than it did in the control group (p = 0.00), and the 
median difference between the two groups was 18 min. 
The intraoperative CO2 use in the experimental group was 
also significantly higher than that in the historical control 
group (p = 0.00), and the median difference between the 
two groups was 52 L (Tab. 3).

The antibiotic usage rates for class I incisions in the 
experimental group and the historical control group were 
0.05 and 0.08, respectively (p = 1.00). The pathology results 
of the two groups showed that the myomas were all uterine 
leiomyomas. There were two cases of cellular leiomyoma in 
the experimental group, and one case of cellular leiomyoma, 

table 3. Analysis of operative conditions in two groups

items Experiment group
 (n = 20)

historical group
(n = 30) t/Z value p-value

Successful cases of pseudo pneumoperitoneum 20/20 — — —

Remaining fragment tissue amount (mean ± SD) 5.00 ± 1.48 — — —

Remaining fragment tissue weight [g] (mean ± SD) 3.87 ± 1.31 — — —

Number of myoma removed during operation(mean ± SD) 1 (1, 5) 1 (1, 7) Z = –1.19 0.23

Operation duration (min) (median, IQR) 101, 43 83, 35 Z = –3.75 0.00

Intraoperative hemorrhage [mL] (median, IQR) 110, 75 90, 50 Z = –3.55 0.17

Volume of CO2 [L] (median, IQR) 335, 145 283, 109 Z = –4.24 0.00

Intraoperative penetrating intima, No. (%) 2 (10.0) 4 (13.3) Χ2 = 0.00 1.00

Antibiotic usage rate of class I incision, No. (%) 1 (5.6) 2 (7.7) Χ2 = 0.00 1.00

SD — standard deviation; IQR — interquartile range

figure 3. cont. Clear view of contained collection bag in LM; E. After the pseudo pneumoperitoneum was established, the intestinal tube and 
omentum could be pushed away, and the morcellation was performed in a clear field of vision; Z represents for vessels and . represents for 
intestinal tract; f. The morcellation conducted with assistant fixing the tumor; G. The remaining fragment tissue; h. The collection bag were 
carefully examined for leakage breakage with normal saline

E F

HG
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one case of strange uterine leiomyoma, and three cases 
of uterine leiomyoma with degeneration in the historical 
control group (one case of mucinous degeneration and two 
cases of red degeneration), but none of them was malignant.

In the experimental group, cytological counts of lavage 
fluid were performed after all the red blood cells were lysed 
by erythrocyte lysates before and after morcellation. All the 
cytological counts were less than 105–106/L. No other cell 
culture was carried out.

There was no significant difference between the experi-
mental group and the historical control group in postopera-
tive hemoglobin decline, postoperative hospital stays, post- 
operative blood transfusion, postoperative morbidity,  
postoperative bowel movement time, and total hospitaliza-
tion costs. There were three cases of menorrhagia (> 80 mL) 
and one case of prolonged menstruation (> 7 days) in the 
experimental group, which all returned to normal after  
the operation, and three cases of menorrhagia and two 
cases of prolonged menstruation in the historical control 
group, four of which returned to normal afterwards. One 
case of prolonged menstruation did not recover, and previ-
ous ultrasonography indicated cesarean scar diverticulum. 
There was no significant difference in menstrual recovery 
between the two groups (Tab. 4).

In this study, one patient in the experimental group was 
infertile, and three patients in the historical control group 
were infertile (Tab. 1). These patients had still not conceived 
four years after surgery, and so pregnancy outcome cannot 
be calculated at present, and further follow-up is needed.

diSCuSSion
Performing a laparoscopic myomectomy rather 

than a transabdominal myomectomy can reduce trauma 
and increase patient compliance. However, open power 
morcellation increases the possibility of spreading poten-
tially malignant diseases and significantly reduces the sur-
vival of those patients [9, 10]. The rate of benign myoma is 

less than 0.50% (0.13–2.02%) and the incidence of potential 
malignant tumors during hysterectomy and morcellation is 
0.10–0.25% [11, 12]. Despite these low rates of malignancy 
and potential malignancy, the fundamental importance of 
patient safety means that clinical gynecologists must bal-
ance maximum benefit with minimum harm.

There has been some exploration of the technology of im-
proved tumor morcellation. As early as 2003, Landman et al. [13]  
suggested that in laparoscopic nephrectomy for renal cell 
carcinoma the affected tissue could be separated in vitro by 
expanding the body surface incision to 3 cm. The contained 
morcellation of a uterine myoma during LM has also been 
studied. This method involves accommodating the morcel-
lation device, while also providing enough space and main-
taining clear vision during surgery. The aim of this technique 
is to isolate and accommodate tissues considered normal 
before surgery, even if these tissues are subsequently di-
agnosed as malignant. However, at present, most of the 
contained morcellation systems require puncturing the 
bag after the pseudopneumoperitoneum is established in 
the abdominal cavity, which increases the possibility of bag 
leakage and tissue splash [14, 15].

In 2016, the FDA approved the Pneumoliner System [16].  
This device consists of a sealed bag and a cylindrical plunger, 
which can be placed in the abdominal cavity. The umbilical 
incision needs to be wide enough for a cylindrical plunger to 
be placed in the umbilical puncture hole, as well as a 5 mm 
diameter fiber lens (convertible direction), a 5 mm morcel-
lator (enhanced bipolar energy), and a pneumoperitoneum 
system. There is no assistance with fixing the tissue during 
the morcellation, as well as the More-Cell-Safe system re-
ported in 2017 [17]. However, the Pneumoliner System is 
like single port laparoscopy, which increases the degree of 
difficulty of the operation, and it is not suitable for three or 
four trocars. In addition, the field of vision is relatively limited.

Morcellation techniques with assistants holding the tis-
sue in place can guarantee quicker and safer morcellation  

table 4. Postoperative analysis of two groups

items Experiment group (n = 20) historical group (n = 30) t/Z value p-value

Postoperative Hb decline [g/L] (mean ± SD) 23.50 ± 14.85 18.87 ± 7.54 T = 1.05 0.31

Postoperative hospital stay [d] (mean ± SD) 4.5, 2.0 5.0, 0.5 Z = –0.06 0.95

Postoperative blood transfusion, No. (%) 0 0 — —

Postoperative morbidity, No. (%) 2 (10.0) 3 (10.0) Χ2 = 0.00 1.00

Postoperative exhaust time [d] (median, range) 2 (1, 2) 2 (1, 3) Z = –0.14 0.89

Total hospitalization expenses (RMB) (median, IQR) 13257.49, 3102.36 13762.48, 1928.64 Z = –0.63 0.53

Menstrual recovery, No. (%) 4 (100.0) 4 (80.0) — 1.00

Postoperative morbidity — postoperative body temperature is higher than 38.5°C. Menstrual recovery: refers to patients with preoperative menorrhea (> 80 mL) or 
prolonged menstrual period (> 7 d) returned to normal menstrual volume (5–80 mL) and normal menstrual period (3–7 d) after surgery. The menstrual recovery in this 
table was analyzed by Fisher’s exact test. There was no statistic (Χ2 value), and p-value was bilateral
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and avoid shaking the tumors with the morcellator, and 
a clear visual field can reduce the risk of damaging any sur-
rounding vital organs. Nevertheless, it has been reported 
that with the contained morcellation technique, the mor-
cellator can penetrate the bag and injure the aorta, inferior 
vena cava, or intestine [18], which can lead to the death 
of the patient [19]. In the present study, 20 patients in the 
experimental group had an LM that involved the use of 
a contained collection bag. Pseudopneumoperitoneum was 
successfully established in all the operations, and afterwards 
the intestinal tube and the omentum were pushed away.  
The morcellation was performed with a clear field of vision 
and the help of an assistant, thereby reducing the possibility 
of damaging nearby tissue or enabling the spread of tumor 
cells. It would appear that morcellation during an LM with 
a contained collection bag is effective, safe, and feasible.

It has been reported that the average duration of con-
tained power morcellation is 20–26 min. longer than that of 
open power morcellation, but there is no significant differ-
ence in blood loss and length of hospitalization [20]. In this 
study, the average time increase of the experimental group 
operations was about 18 min. (p = 0.00), and the intraopera-
tive CO2 use was increased by about 52 L (p = 0.00). There was 
no significant difference between the experimental group 
and the historical control group in postoperative hemo-
globin decline, postoperative hospitalization days, post- 
operative blood transfusion, postoperative morbidity,  
postoperative bowel movement time, and total hospitaliza-
tion costs. The slightly prolonged operation time did not 
affect the postoperative recovery and total hospitalization 
costs of the experimental group patients. It is believed that 
the duration of the operation and the use of CO2 would 
decrease if the sample size was increased and the contained 
power morcellation technique further developed.

This study involved a single-arm trial, and the sample 
size was relatively small. It is thus necessary to expand the 
sample size to confirm the validity, safety, and feasibility of 
the technique. Moreover, in this study, the bags were only 
used with tumors that were removed during an LM, and 
further research is necessary regarding their use in patients 
who are undergoing a laparoscopic hysterectomy.

In this study, the myomas of both the experimental 
group and the historical control group were pathologically 
diagnosed as benign and without any malignancy. This 
means that this study cannot prove that the contained 
bag technique can reduce the risk of spreading malignant 
tumors. The efficacy of this bag in preventing abdominal 
and pelvic dissemination of potentially malignant tumor 
tissue needs to be further analyzed by enlarging the sample 
size and increasing the follow-up time. However, this new 
contained collection bag should not be used in patients 
with known malignant tumors.

ConCluSionS
Morcellation with this newly designed contained collec-

tion bag during an LM can be effective, safe, and feasible. It is 
also economical, practical, and easy to operate. The efficacy 
of the contained collection bag in preventing the abdominal 
and pelvic dissemination of potentially malignant tumors 
requires confirmation.
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abStraCt
objectives: To show the advantages of transcervical radiofrequency ablation (TRFA) in high-risk patients with bleeding 
disorder.

Material and methods: It is a retrospective analysis. The study included only patients with known pre-existing condi-
tions (obesity, cardiac and neurological disease, coagulation disorder, anaemia) or post-surgical conditions who were 
treated with the Sonata® System for fibroid-related bleeding complaints at Academic Hospital Cologne Weyertal between 
January 2015 and March 2021. These patients were classified as high-risk patients. The fibroids were mostly determined 
due transvaginal sonography. Thirty patients were included, and 43 fibroids were determined.

results: Therapy with the Sonata® system could be performed without complications in all cases. In our analysis, improve-
ment of fibroid-related symptoms was observed in 89% of cases.

Conclusions: The Sonata® System is on the one hand minimally invasive, uncomplicated and fast and on the other hand 
a successful method of fibroid therapy, which is particularly suitable for high-risk patients with various pre-existing condi-
tions, for whom a minimally invasive, bloodless and short surgical procedure has great advantages.

Key words: Sonata®; fibroid; ablation; high risk patients; bleeding disorder; uterus
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introduCtion
The estimated prevalence of uterine fibroids ranging from 

4.5% to 68.6% [1]. The prevalence is age-dependent [2]. Fig-
ures in the literature vary widely, from 217 to 3745 cases per 
100 000 women-years [1]. The prevalence in Germany is 48.6% 
in women aged 30–55 years, with the highest prevalence 
of 65.2% in the group with patients aged 46–50 years [2].  
Fibroids cause different symptoms, and hypermenorrhoea is 
the main symptom with the prevalence of 40–54%. The next 
common symptoms are dysmenorrhea and lower abdominal 
pain [3, 4]. In 48% cases, fibroids are the cause of severe hy-
permenorrhoea with anaemia [5]. Even nowadays the most 
common therapy for symptomatic fibroids is a hysterectomy. 
The main indication for a hysterectomy is still fibroid [6–9].

The classification of fibroids is according to FIGO clas-
sification, which serves as basis [10]. The classification of 
fibroids is very important for prognosis and therapy rec-

ommendation. Therefore localization, size and number of 
fibroids should be well understood [2].

In the therapy, low effective medicament therapy, in-
vasive and drastic therapy such as a removal of uterus are 
mostly used. To fill the gap between these methods, tran-
scervical radiofrequency ablation (TRF) was developed. This 
method is safe and effective [11–14]. A meta-analysis of 
32 studies with more than 1200 patients treated with TRF 
ablation showed a statistically significant and clinically rel-
evant reduction in fibroid-related symptoms and improve-
ment in quality of life, with low reintervention rates [11]. 
The benefit of TRF is that it is minimally invasive without 
incision, and the treatment of a broad type of fibroids is 
possible, especially such fibroids, which cannot be treated 
with a surgical hysteroscopy (FIGO 3, 4, 5, 6, and 2–5) [8].

Transcervical radiofrequency ablation has FDA (U.S. 
Food and Drug Administration) approval for diagnostic 

mailto:piriyev.elvins@gmail.com
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intrauterine imaging and transcervical treatment of symp-
tomatic uterine fibroids, including those associated with 
heavy menstrual bleeding. The system also has a CE mark 
(“Conformité Européenne” French for “European Conform-
ity”) in the European Union [14–16].

Transcervical radiofrequency ablation is performed by 
a gynaecologist. The instrument has a small ultrasound 
probe which is to insert intrauterine [17]. Before the ablation 
the fibroid is determined sonographically. Usually, a general 
anaesthesia is required for TFA. The diameter of the device is 
8.3 mm. The penetration depth is less than 12 cm. The fibroid 
is represented due graphical navigation. After graphical 
visualize of fibroid the ablation is carried out. In this phase 
a safety zone guaranteed no thermal injury in the surround-
ing organs (for example bladder, bowel). It is important es-
pecially for transmural fibroids that are also located near the 
bladder and bowels. The procedure allows for optimization of  
the ablated volume in the targeted fibroid. The puncture  
of serosa is not necessary. The measurements are registered 
graphically. The ablation time is 1–7 min depending on the 
fibroid size (the smallest size of fibroid is 2.0 × 1.3 cm). The 
temperature of the electrode is about 105°C. A thermal 
coagulation necrosis is not caused by TFA. This method 
does not cause a postablation syndrome either. A good 
knowledge of vaginal ultrasonography and confidence in 
all other endoscopic fibroid therapy are required, because 
they can be used at the same time in combination with TRF 
as needed. Hospital stay time is 1–2 days [17, 18].

This technique could be of importance in the treatment 
of fibroids in high-risk patients (e.g., obesity, cardiac disease, 
coagulopathy, multiple previous surgeries), as it offers the 
most minimally invasive and effective approach, with short 
surgical time. Therefore, this study was conducted to analyse 
the results of the Sonata® System in high-risk patients.

MatErial and MEthodS
Transcervical radiofrequency ablation has been per-

formed in our department since 2011. The retrospective 
study included only patients with known pre-existing condi-
tions (obesity, cardiac and neurological disease, coagulation 
disorder, anaemia) or post-surgical conditions who were 
treated with the Sonata® System for fibroid-related bleeding 
complaints at Academic Hospital Cologne Weyertal between 
January 2015 and March 2021. These patients were classi-
fied as high-risk patients. Diagnosis was mostly performed 
by transvaginal sonography. Thirty patients were included, 
and 43 fibroids were determined.

Therapy with the Sonata® System was carried out com-
plications free in all cases. During the operations, the device 
could be inserted without any difficulty. First, the ablation 
zone and the safety zone were adjusted and then the fi-
broid was fixed with the central spike (“introducer”). After 

checking the safety zone, the electrodes were inserted. 
After checking the safety zone again, the fibroids were ab-
lated with a temperature of 105°C. All patients without any 
complications.

rESultS
The age of the patients ranged from 34 to 54 years 

(Fig. 1). All patients had abnormal uterine bleeding mostly 
hypermenorrhoea and two patients still had the desire to 
become pregnant.

A total of 43 fibroids were detected in 30 patients. Nine-
teen patients had one fibroid, 10 patients had two fibroids, 
and one patient had four fibroids.

The fibroids were classified according to FIGO classi-
fication. Figure 2 shows the number of fibroids based on 
FIGO classification. The majority of fibroids were classified 
as of FIGO 2–5 fibroids 62.8% (27 fibroids) and the minority 
consisted of FIGO 4 fibroids 2.3% (one fibroid).

f-fibroid
For better visualization, the fibroids were divided into 

six groups depending on their size. Figure 3 shows this 
division.

figure 1. Overview of patients depending on age group
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figure 2. Number of fibroids related to FIGO classification
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Table 1 shows the risks/pre-existing conditions of the 
patients. Twenty-two patients had one and eight patients 
had two risk factors/pre-existing conditions.

Three patients had third-degree-obesity: with a BMI 
of 45 kg/m² in two patients and 56 kg/m² in one patient. 
Seven patients had a large transmural fibroid of ≥ 7 cm, one 
patient had two fibroids of 6 cm and all these patients had 
strongly desired an organ-preserving minimally invasive 
approach. Laparoscopic fibroid removal in this case would 
be associated with a high risk of bleeding and a laparotomy.

intraoperative results
The shortest ablation time of a fibroid was 1 minute 

13 seconds and the longest was 25 minutes 6 seconds.  
Table 2 shows the ablation time of a fibroid in relation to 
the number of fibroids.

The ablation time and the number of ablation steps 
vary depending on the fibroid size. As it can be seen in 
Table 3, both ablation time and ablation steps increase 
with fibroid size.

Postoperative results
Twenty-six patients came to follow-up (Fig. 4). Twenty- 

-three of 26 patients reported subjective improvement in 
symptoms, with 21 patients reporting marked improvement 
and two patients reporting a mild improvement. Three pa-
tients had no improvement and in one of them a hysterec-
tomy by laparotomy was performed during follow-up. In this 
case the respective uterus showed four FIGO 2–5 fibroids, 
three of which were approximately 5 cm. The patient had 
already undergone two surgeries by transverse laparotomy, 
so the hysterectomy was also performed by laparotomy in 
the presence of adhesions. Therefore, an improvement of the  
complaints was 89%.

Special cases
Two patients with severe hypermenorrhoea still  

had a desire to become pregnant, of which one patient had  
a current desire and one had a potential desire. In both 
cases, significant improvement of hypermenorrhoea was 
observed.

The patient with the current fertility desire had a FIGO 
2–5 fibroid of 7 cm. Prior to presentation at our department, 
a laparoscopy was performed in another hospital. A hyster-
ectomy was recommended to the patient, due to the size 
of the fibroid. In our department, the ablation of the fibroid 
was performed using the Sonata® System. Two ablation steps 
were performed, 7 minutes and 5 minutes 12 seconds. After 
15 months, the patient had a vaginal delivery in our depart-
ment without any complications.

The second patient with a potential desire to become 
pregnant had the condition after midline laparotomy with 
the removal of 1700 g of fibroids. She had a FIGO 2 fibroid 
of 2.7 × 2 × 2 cm, which was ≥ 90% intramural. Transcervical 
radiofrequency ablation was performed with two ablation 
steps, 1 min. 42 seconds and 2 minutes. Transvaginal ultra-
sound after three months showed a significant regression 
to 1.7 × 1.5 × 1.4 cm. Moreover, the position of the fibroid 
shifted from FIGO 2 to FIGO 4 with sufficient distance from 
the endometrium, which is highly relevant for fertility.

diSCuSSion
For the therapy of fibroids there are a wide spectrum 

of options, from medicament treatment to a removal of 
uterus [6–9, 11–14]. Several factors must be considered 
in the therapy of fibroid, as a FIGO type, size, number of 
fibroids, severity of symptoms, patient’s life stage (fertile, 
peri- or postmenopausal), health risk factors, medical con-
traindications as well the patient’s wishes.

figure 3. Myoma number related to myoma size
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In a study, almost a thousand women with sympto-
matic fibroids were asked about the therapy desire. Almost 
80% of respondents did not want an invasive method and 
the half of respondents wanted avoid a hysterectomy [9].  
In the therapy of fibroids is a need for less invasive organ- 
-preserving therapy without incision, that is available for 
wide spectrums of fibroids [14–16]. For this reason, TRF 
was developed. This method is effective and safe [11–14]. 
According to the literature review as well as in our analysis, 
no specific intraoperative or postoperative complications 
were found.

In Luke’s et al. [19] study, patient satisfaction with TRF 
was 94% (99/105) and 88% of patient had an improvement 
of symptoms. Toub reported an improvement in 90% of 

cases [14]. In our analysis, an improvement of fibroid-related 
symptoms was observed in 89% of cases.

The long-term results after TRF are available. The rein-
tervention rate is 11.8% [20]. it is slightly higher than after 
an abdominal myomectomy (9%) and the same as with 
laparoscopic myomectomy (11%), but significantly lower 
compared to other methods (17% after uterine artery em-
bolization, 21% after hysteroscopic fibroid resection) [21].

Bipolar operative hysteroscopy is most suitable for sub-
mucosal fibroids [2]. For large (> 3 cm), multiple (n > 3), and 
type-2 fibroids the hysteroscopy can be difficult. In this case 
there is a 20–50% chance for least one additional resection 
for complete treatment [2, 22, 23]. Hysteroscopy has a low 
intraoperative complication rate [24]. Postoperative com-
plications in terms of intrauterine adhesions occur in 10% 
to 37.5% for the resection of one fibroid and up to 45% for 
multiple fibroids [2, 25].

Intramural and subserosal fibroids can be removed by 
laparoscopy and/or laparotomy. In a meta-analysis involv-
ing 576 patients, laparoscopic and abdominal removal of 
fibroids were compared. In the meta-analysis, the advan-
tages of laparoscopy over laparotomy were shown, includ-
ing faster postoperative recovery of patients, less blood loss 

table 2. Ablation time in relation to the number of fibroids

ablation time number of fibroids

1–5 minutes 26

> 5–10 minutes 8

> 10–15 minutes 3

> 15–20 minutes 4

> 20–25 minutes 2

table 1. Overview of risks in relation to number of patients

number of patients risk groups risk subgroup number of patients

4 Coagulation disorder

Thrombosis 2

Immune thrombocytopenia 1

AT III Deficiency 1

7 Obesity

BMI 30–35 kg/m² (Iº) 1

BMI 35–40 kg/m² (IIº) 3

BMI > 40 kg/m² (IIIº) 3

9 Previous operations

1 × midline laparotomy 4

1 × LSK, 1 × midline laparotomy 1

2 × midline laparotomy 2

4 × midline laparotomy 1

4 × LSK 1

6 Anaemia (Hb)

8–9 g/dL 1

7–8 g/dL 3

6–7 g/dL 2

2 Neurological diseases
Apoplexy cerebral vessel 1

Brain pacemaker by strong depression 1

2 Cardiac diseases
Hypertension 1

AVNRT 1

8 Large fibroid with a request 
for organ-preserving therapy

2 × 6 cm 1

7–8 cm 4

9–12 cm 3

AT III — antithrombin III; AVNRT — atrioventricular nodal reentrant tachycardia; BMI — body mass index; LSK — laparoscopy
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table 3. Ablation time and number of ablation steps in relation to fibroid size

fibroid size fibroid number ablation step ablation time [min]

1.5–2 cm 4 1 step 1:13–2:06

> 2–4 cm 18
12 fibroids — 1 step 1:30–5:00

6 fibroids — 2 steps 3:13–4:06*

> 4–6 cm 11

6 fibroids — 1 step 3:00–5:42

4 fibroids — 2 steps 5:48–7:24*

1 fibroid — 3 steps 10:06

> 6–8 cm 6
3 fibroids — 2 steps 6:00–12:12*

3 fibroids — 3 steps 15:18–17:00*

> 8–10 cm 3 2 fibroids — 3 steps
1 fibroid — 4 steps

13:32–18:50*
22:12*

>10–12 cm 1 4 steps 25:06*

*Total time of all ablation steps

figure 4. Postoperative results in the follow up group in percentages

Mild improvement
n = 2 (8%)

No improvement
n = 3 (11%)

Significant improvement
n = 21 (81%)

Patients

and less postoperative pain. Therefore, laparotomy should 
be performed only in certain cases [2, 26].

Intraoperative complications of laparoscopic fibroid re-
moval arise from inadequate hysterotomy, enucleation, hae-
mostasis, and morcellation. Postoperative complications in-
clude hematomas after a hysterotomy, uterine adhesions, ab-
dominal adhesions, and parasitic fibroids [27–29]. In an anal-
ysis with the laparoscopic resection of 654 fibroids (average 
size 5.3 cm), intraoperative complications occurred in 2.6% 
cases and postoperative complications in 5.7% cases [27].  
Another study of 2050 laparoscopic fibroid resections 
showed an overall complication rate of 11.1% (225/2050) [30].  
The increase of complications with laparoscopic myoma 
enucleation is observed [27, 31]. One possible reason for 
this is the increasing number of gynaecologists with lack 
of experience in laparoscopic fibroid removal, laparoscopic 
suturing, as well as electromechanical morcellation [32].

The complication rate of laparoscopy increases in pa-
tients with additional risks. Driessen et al. [33] compared 
two groups of patients with and without risks. Among all, 

BMI, number of previous surgeries and uterus size were 
considered. A total of 2237 laparoscopic hysterectomies 
were analysed. The complication rate in the group with 
known risks was significantly higher (10.5% vs 4.8%), blood 
loss 167.6 mL vs 110.1 mL and operation time 114.3 minutes 
vs 95.3 minutes [33].

Especially in high-risk patients with fibroids, that 
more difficult to reach, the therapy should be chosen 
very carefully. Our study shows that fibroid therapy with 
the Sonata® System is suitable for FIGO 2 to 5, whereas 
FIGO 2 to 4 fibroids are rather difficult to reach for the 
other surgical option. This method can also be used to 
treat multiple fibroids in a single session. The method  
is particularly suitable for patients with anaemia, as there is  
hardly any bleeding with the Sonata® System compared 
to other surgical measures.

ConCluSionS
Therefore, the Sonata® System is on the one hand mini-

mally invasive, uncomplicated and fast and on the other 
hand a successful method of fibroid therapy, which is par-
ticularly suitable for high-risk patients with various pre- 
-existing conditions, for whom a minimally invasive, blood-
less and short surgical procedure has great advantages.
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abStraCt
objectives: There have been a number of controversies about which treatment of neuromuscular electrical stimulation 
(NMES) is more beneficial for overactive bladder (OAB). An attempt to investigate the therapeutic effect of NMES with 
different pulse widths for OAB in elderly women has been made in this study. 

Material and methods: The postmenopausal elderly women without pelvic organ prolapse (POP) who received trans-
vaginal NMES in Beijing Hospital from November 2020 to December 2020 were randomly divided into two groups (Group 
A and Group B). Patients from Group A accepted the treatment with NMES by pulse width of 300 µs and patients from 
Group B accepted the treatment with NMES by pulse width of 200 µs. Myoelectric potential of Type I and Type II muscle 
fibers at pelvic floor and overactive bladder symptom score (OABSS) were valued. 

results: There were 46 patients eligible for the study and randomly divided into Group A and Group B, 23 patients for 
each group. OABSS were significantly reduced in both groups after the treatment of NEMS. And OABSS in Group A (after 
treated by pulse width of 300 µs) were significantly decreased greater than those in Group B (after treated with pulse width 
of 200 µs). Both Group A and Group B had no significant difference in the mean myoelectric potential at pre-resting state 
when compared before and after the treatment of NEMS. Myoelectric potential of Type I muscle fiber and the maximum 
myoelectric potential of Type II muscle fibers were significantly increased after the treatment of NEMS than before the 
treatment in the two groups, respectively. And myoelectric potential of Type I muscle fiber and the maximum myoelectric 
potential of Type II muscle fibers in group A (after treated with pulse width of 300 µs) were increased significantly much 
higher than those in Group B (after treated with pulse width of 200 µs).

Conclusions: Comparing the indicators before and after the treatments of NMES, our study has preliminarily confirmed 
that NMES has its advantages in treating with OAB. And NMES by pulse width of 300 µs were more effective in improving 
pelvic floor muscle strength than NMES by pulse width of 200 µs.

Key words: neuromuscular electrical stimulation; overactive bladder; pelvic floor muscles; overactive bladder symptom 
score; myoelectric potential; pulse width

Ginekologia Polska 2022; 93, 8: 620–628

introduCtion
According to the Definition of the International Conti-

nence Society (ICS), an overactive bladder (OAB) was recog-
nized as a “symptom syndrome suggestive of lower urinary 
tract dysfunction”. It is specifically defined as “urgency, with 
or without urge incontinence, usually with frequency and 
nocturia” [1]. In China, the prevalence of OAB was 6.0% 
(5.9% for the male and 6.0% for the female), among which 

a female more than 50 years old accounted for 46.3% [2].  
In the United States, the prevalence of OAB was 16.5% 
(16.0% for the male, 16.9% for the female) and has a trend of 
increasing with the age growing among the female (from 2% 
to 19%), especially among those more than 44 years old [3].  
In Europe, epidemiological data indicated that among 
women over 40 years old, the prevalence of OAB was 16.6% 
and has been increased with the age growing as well [4]. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/lower-urinary-tract-symptoms
https://www.sciencedirect.com/topics/medicine-and-dentistry/lower-urinary-tract-symptoms
https://www.sciencedirect.com/topics/medicine-and-dentistry/urge-incontinence
https://www.sciencedirect.com/topics/medicine-and-dentistry/nocturia
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It can be concluded that postmenopausal women are at 
a great risk of OAB. Studies have shown that in healthy 
postmenopausal middle-aged and elderly women, the inci-
dence of OAB was 15–37% [5], among which 20.5% needed 
clinical intervention [6, 7], exerting great psychological pres-
sure on patients. The pathogenesis of OAB mainly includes 
non-neurogenic detrusor instability, overactive bladder, 
dysfunctions of urethra and pelvic floor muscles, abnormal 
hormone metabolisms and so on. In addition to screening 
tests, overactive bladder symptom score (OABSS) has been 
proved to be highly sensitive to the diagnosis of OAB [8]. 
Traditional treatments for OAB include bladder training, 
pelvic floor muscle training (PRMT), anticholinergic drug, 
sacral nerve stimulation (SNS) and surgery. RCT studies have 
identified that bladder training [9], PRMT [10, 11] and drug 
therapy [10] could improve the symptoms of OAB. However, 
the side effects of drug therapy, such as constipation and 
dry mouth, has affected the medication adherence, with 
only 10–30% of the OAB population taking the medication 
as prescribed for at least one year [12]. SNS and surgery 
are invasive treatments, with limits in the clinical practice.  
As a noninvasive treatment, some studies [13–16] have 
found that neuromuscular electrical stimulation (NMES) 
could inhibit unstable muscle contractions and spastic mus-
culature, regulate the hypoxic state of the muscles and 
strengthen the pelvic floor muscle, to improve pelvic floor 
disorders, such as pelvic organ prolapsed (POP), urinary 
incontinence and sexual dysfunction. However, there have 
been a number of controversies about which treatment of 
NMES is more beneficial for OAB. 

objectives
Our study is aiming to compare the therapeutic effect of 

NMES with different pulse width for OAB in elderly women, 
providing evidence for the treatments.

MatErial and MEthodS
Subjects

Postmenopausal women with OAB as chief complaint 
in Beijing Hospital from November 2020 to December 
2020 were selected.

inclusion criteria 
1. More than 12 months from the last menstrual period; 
2. Score of “urgent urination” on OABSS questionnaire 

of overactive bladder (OABSS) ≥ 2 points, and total 
score ≥ 3 points. Patients both meet the above two 
criteria can be enrolled.

Exclusion criteria 
1. Routine urine test suggested urinary tract infection or 

ultrasound suggested vesical calculus; 

2. Pelvic organ prolapse quantification system (POP-Q) 
suggested the lowest extent in the vagina was ≥ 0 cm 
from the hymenal ring; 

3. Patients had taken anticholinergic drugs or received 
behavioral therapy for OAB such as bladder training 
three months before the enrollment; 

4. Patients with a pacemaker implanted; 
5. Patients in the acute stage of vaginal inflammation; 
6. Patients with malignant tumors;
7. Patients suffering from mental illness and unable to 

cooperate with treatments; 
8. Transabdominal ultrasound indicated that the residual 

volume of urine in the bladder was > 50 mL; 
9. Urination diary indicated that daily water intake 

was > 2000 mL in average; 
10. Patients with nervous system diseases; 
11. Patients with massive space-occupying lesions in pelvis 

cavity and abdominal cavity; 
12. patients with a history of urological surgery. Patients 

meeting any of the exclusion criteria would be excluded.

Pre-treatment evaluation
The same doctor conducted the consultation, gyneco-

logical examination, POP-Q examination, and OABSS inves-
tigation for both groups. Two other operators were assigned 
to measure the pelvic floor myoelectric potential for the 
patients through the Pelvic Floor SEMG Analysis and Biologi-
cal Feedback Training System (MID A2, Medlander, Nanjing 
City, China). Four symptoms addressing day-time frequency, 
night-time frequency, urgency, and urgency incontinence are 
scored in the Homma OABSS questionnaire (Appendix 1) [17].  
The total score is the sum of the four parts.

randomization
Eligible patients were randomly assigned based on 

balanced treatment assignments with a computerized 
randomization allocation sequence via using blocks of 
46 opaque, sealed envelopes to include the information  
of the treatments of NMES with different pulse width (300 µs 
or 200 µs) and divided into two groups. Both the patients 
and the physician in the pre-treatment evaluation were 
blind to the treatments. 

treatments of nMES
Neuromuscular stimulation Therapy Systems (MID B6, 

Medlander, Nanjing City, China) was applied in the treatment 
by two designated operators. With the patient in supine po-
sition, an electrode is placed into the vagina (the electrode 
is placed completely within the hymenal ring). Group A re-
ceived the treatments with the frequency of 5Hz, pulse width 
of 300 µs, rampe time of 0 second and the duration of 30 min-
utes. Group B received the treatments with the frequency  
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of 5Hz, pulse width of 200 µs, rampe time of 0 second, the 
duration of 30 minutes. The treatments were performed 
in both groups once every 2–3 days for a total of 10 times.  
The therapeutic magnitude of the current is determined by 
the patients’ feeling of strong muscle contraction or tingling 
without pain. The maximum safe current was 100 mA.

Post-treatment evaluation
Two of the same operators in the pre-treatment evalua-

tion were assigned to measure the pelvic floor myoelectric 
potential with the Pelvic Floor SEMG Analysis and Biological 
Feedback Training System (MID A2, Medlander, Nanjing City, 
China) and finish the OABSS questionnaire for the second 
time within two days after all the treatments performed 
for the patients.

Statistical analysis
The software of EpiData 3.1 was used to input re-

search data and SPSS 32.0 was used for statistical analysis.  
The quantitative variables within each group were described 
using means, medians and standard deviations. In addition, 
the Shapiro-Wilk normality test was applied. For variables 
with normal distribution in the two groups, Student's t-test 
was used to compare between the groups; otherwise, the 
Mann-Whitney test was used. For paired data in the pre- 
and post- treatment with normal distribution, paired t-test 
was used; otherwise, Wilcoxon signed rank test was used.  
The qualitative variables were described with frequencies 
and percentages and analyzed with Chi-square test. All tests 
were two sided, and p-values < 0.05 were considered statisti-
cally different. According to the principle of intent-to-treat 
analysis (ITT), all the subjects were included in the statistical 
analysis, whether they received all treatments or not.

rESultS
Study design

There were 46 patients eligible for the study and ran-
domly divided into two groups, 23 patients for each group. 
Group A received treatment of NMES by pulse width of 300 µs, 
and Group B received treatment of NMES by pulse width of 
200 µs. respectively. A total of five patients (1 from Group 
A and 4 form Group B) did not complete all the treatments and 
withdrew from the study, among which three patients (1 from 
Group A and 2 from Group B) were not able to reach the out-
patient department during the scheduled time, one patient  
(from Group B) was hospitalized for lung infection, one  
patient (from Group B) had impaired glucose tolerance (IGT) 
during the treatments. Finally, 22 patients of Group A and 
19 patients of Group B completed all the treatments. The 
five patients who withdrew from the study also finished 
post-treatment evaluation within the scheduled time. 

During the treatments of NMES, there were three pa-
tients (2 from Group A and 1 from Group B) suffered from 
slight abdominal pain, which disappeared spontaneously 
1–3 days later; there was another one patient (from Group A)  
suffered from increased vaginal secretions, which was con-
firmed to have bacterial vaginosis later by laboratory tests 
and recovered after treated with oral metronidazole for one 
week. All four patients continued the original treatments 
after the symptoms disappeared. There were no other com-
plaints from the patients.

According to the principle of ITT analysis, all the 46 pa-
tients were analyzed statistically, as shown in Figure 1.

Comparison of the baseline between 
Group a and Group b

As shown in Table 1, there was no significant difference 
in baseline between Group A and Group B, including age 
(U = 211.000, p = 0.237), BMI (t = 0.377, p = 0.708), delivery 
times (U = 253.000, p = 0.713), cesarean section rate, and 
forceps delivery rate (U = 1.095, p = 0.295).

Comparison of the indicators before 
and after the treatments of nMES by pulse 

width of 300 µs in Group a
As shown in Table 2, in Group A, OABSS (Z = –4.221, 

p < 0.001) and mean myoelectric potential at pre-resting 
state (Z = –4.198, p < 0.001) were significantly decreased 
after the treatments of NMES by pulse width of 300 µs in 
comparison with those before the treatments. The myoelec-
tric potential of Type I muscle fibers (Z = –3.407, p = 0.001) 
and the maximum myoelectric potential of Type II muscle 
fibers (t = -4.577, p < 0.001) were significantly increased after 
the treatments of NMES in comparison with those before 
the treatments. 

Comparison of the indicators before and after 
the treatments of neuromuscular electrical 

stimulation by pulse width of 200 µs in Group b
As shown in Table 3, in Group B, OABSS (Z = –4.217, 

p < 0.001) and mean myoelectric potential at pre-resting 
state (Z = –4.198, p < 0.001) were significantly decreased 
after the treatments of NMES by pulse width of 200 µs 
in comparison with those before the treatments. How-
ever, mean myoelectric potential of Type I muscle fibers 
(Z = –0.396, p = 0.692) and the maximum myoelectric poten-
tial of Type II muscle fibers (t = 0.107, p = 0.915) were both 
not significantly different after the treatments of NMES in 
comparison with those before the treatments. 

Comparison of the differences of the indicators before 
and after the treatments of NMES with different pulse widths 
between Group A and Group B.
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figure 1. Flow diagram

table 1. Comparison of the baseline between Group A and Group B

baseline Group a Group b u p-value

No. 23 23 – –

Age [years old] 57 (55.58) 56 (54.58) 211.000& 0.237

BMI [kg/m2] 24.34 ± 2.46 24.08 ± 2.37 0.377* 0.708

Delivery times 1 (1.1) 1 (1.1) 253.000& 0.713

Cesarean section rate (%) 7/23 7/23 – –

Forceps delivery rate (%) 3/23 1/23 1.095# 0.295

BMI — body mass index; *referred to student’s t test; #referred to chi-square test; &referred to Mann-Whitney U

table 2. Comparison of the indicators before and after the treatments of neuromuscular electrical stimulation by pulse width of 300 µs in Group A

indicators Pre-treatment Post-treatment Z p-value

OABSS 8 (7, 9) 2 (1, 4) –4.221& < 0.001

mean myoelectric potential at pre-resting state [μv] 4.45 (2.06, 6.88) 1.10 (0.80, 2.00) –4.198& < 0.001

Mean myoelectric potential of Type I muscle fibers (slow-twitch) [μv] 13.12 (11.23, 18.66) 25.02 (22.37, 27.95) –3.407& 0.001

Maximum myoelectric potential of Type II muscle fibers (fast-twitch) [μv] 25.48 ± 13.81 34.25 ± 13.00 –4.577* < 0.001

OABSS — overactive bladder symptom score; *referred to paired t test; &referred to Wilcoxon rank-sum test
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As shown in Table 4, before the treatments of NMES, 
OABSS (U = 246.500, p = 0.689), mean myoelectric potential 
at pre-resting state (U = 232.500, p = 0.482), mean myoelec-
tric potential of Type I muscle fibers (U = 255.000, p = 0.835) 
and the maximum myoelectric potential of Type II muscle 
fiber (t = –0.143, p = 0.887) had no significant difference 
between Group A and Group B.

After the treatments of NMES, OABSS (U = 142.000, 
p = 0.006) in Group A (treated by pulse width of 300 µs) 
was significantly lower than that in Group B (treated by pulse 
width of 200 µs). Mean myoelectric potential at pre-resting 
state (U = 190.000, p = 0.101) was not significantly different 
between the two groups after the treatments of NMES with 
different pulse widths. Mean myoelectric potential of Type 
I muscle fibers (U = 64.000, p < 0.001) and the maximum 
myoelectric potential of Type II muscle fibers (t = 2.363, 
p = 0.023) in Group A (treated by pulse width of 300 µs) were 
both significantly higher than those in Group B (treated by 
pulse width of 200 µs), as shown in Table 5.

We also compare the differences of the indicators be-
fore and after the treatments of NMES in Group A (treated 
by pulse width of 300 µs) and Group B (treated by pulse 
width of 200 µs). As shown in Table 6, the difference of 
OABSS before and after the treatments of NMES in Group 
A were significantly greater than that in Group B (t = –3.506, 
p = 0.001). The differences of mean myoelectric potential at 
pre-resting state before and after the treatments of NMES 
were not significantly different between the two groups 
(U = 184.000, p = 0.077). The differences of myoelectric 
potential of Type I muscle fibers (U = 80.000, p < 0.001) and 
the maximum myoelectric potential of Type II muscle fibers 

(t = 5.256, p < 0.001) were both significantly greater in Group 
A than those in Group B. 

diSCuSSion
In the treatments of NMES, mean myoelectric potential 

at pre-resting state is positively correlated with the spasm 
of pelvic floor muscles, which has been confirmed to be 
the main cause of OAB [18]. Mean myoelectric potential 
of Type I muscle fibers and the maximum myoelectric po-
tential of Type II muscle fibers, as the indicators for the 
functions of the pelvic floor muscles, are both associated 
with urinary continence. Our study found that after being 
treated with NEMS by different pulse widths, both Group 
A (treated by pulse width of 300 µs) and Group B (treated 
by pulse width of 200 µs) had no significant difference in the 
mean myoelectric potential at pre-resting state, indicating 
that the treatments may have been no help in reducing the 
high tension of pelvic floor muscles. However, after being 
treated with NEMS by different pulse widths, myoelectric 
potential of Type I muscle fiber and the maximum myoe-
lectric potential of Type II muscle fibers were significantly 
increased than prior to the treatment of NEMS in the two 
groups, respectively. And when compared the two groups 
having been treated with NEMS by different pulse widths, 
we found that myoelectric potential of Type I muscle fiber 
and the maximum myoelectric potential of Type II muscle 
fibers in group A (treated by pulse width of 300 µs) were 
increased much higher than those in Group B (treated by 
pulse width of 200 µs). In addition, after the treatments of 
NMES by different pulse widths, OABSS were significantly 
reduced than before the treatment of NEMS in the two 

table 3. Comparison of the indicators before and after the treatments of neuromuscular electrical stimulation in Group B

indicators Pre-treatment Post-treatment Z p-value

OABSS 9 (6, 10) 5 (2, 6) –4.217& < 0.001

mean myoelectric potential at pre-resting state [μv] 3.03 (2.18, 5.12) 1.57 (1.20, 2.29) –4.198& < 0.001

Mean myoelectric potential of Type I muscle fibers (slow-twitch) [μv] 13.40 (10.27, 20.83) 13.14 (10.34, 21.72) –0.396& 0.692

Maximum myoelectric potential of Type II muscle fibers (fast-twitch) [μv] 25.99 ± 10.07 25.91 ± 10.84 0.107* 0.915

OABSS — overactive bladder symptom score; *referred to paired t test; &referred to Wilcoxon rank-sum test

table 4. Comparison of the differences of the indicators before the treatments of neuromuscular electrical stimulation with different pulse 
widths between Group A and Group B

indicators Group a Group b u p-value

OABSS 8 (7, 9) 9 (6, 10) 246.500& 0.689

mean myoelectric potential at pre-resting state [μv] 4.45 (2.06, 6.88) 3.03 (2.18, 5.12) 232.500& 0.482

Mean myoelectric potential of Type I muscle fibers(slow-twitch) [μv] 13.12 (11.23, 18.66) 13.40 (10.27, 20.83) 255.000& 0.835

Maximum myoelectric potential of Type II muscle fibers (fast-twitch) [μv] 25.48 ± 13.81 25.99 ± 10.07 –0.143* 0.887

OABSS — overactive bladder symptom score; *referred to student’s t test; &referred to Mann-Whitney U
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groups, respectively. And when compared the two groups 
treated with NEMS by different pulse widths, we found that 
OABSS in group A (treated by pulse width of 300 µs) were 
decreased greater than those in Group B (treated by pulse 
width of 200 µs), indicating that the patients treated with 
NEMS by pulse width of 300 µs can improve the ability of 
urinary continence more effectively than patients treated 
with NEMS by pulse width of 200 µs. 

Mechanisms of nMES for oab
OAB is composed by the symptoms of frequent, ur-

gent urination or urge incontinence. Clinically, the etiol-
ogy of OAB still keep unclear. According to the different 
pathogenesis, OAB can be divided into three categories: 
detrusor instability, detrusor hyperreflexia, and bladder hy-
persensitivity, i.e., the initial urine volume of the bladder is 
less than 100 mL. The pathophysiological changes of OAB 
include occulted neurogenic bladder, undetected bladder 
outlet obstruction, urethral-related bladder obstruction, se-
nile urinary epithelial dysfunction, chronic bladder ischemia, 
chronic bladder inflammation, central sensitization, and 
autonomic nerve dysfunction [19]. Low-frequency electrical 
stimulation can increase blood supply of the muscle and 
its nerve, eliminate fatigue and hypoxia, inhibit excessive 
nerve sensitivity and reduce muscle hypertonic, so as to 
improve the symptoms of OAB. In a study of percutaneous 
electrical stimulation in the anesthetized cats, 30 minutes of 
electrical stimulation produced long-term post-stimulatory 
inhibition, and bladder volume increased significantly af-
ter treatment, reaching up to 140.5 ± 7.6% of the control.  
In the post-treatment period, the time of bladder contrac-

tion was significantly prolonged, reaching up to 200% of 
the control [20].

analysis for the therapeutic differences 
with nMES treatments

With low-frequency pulse current, NMES is able to make 
alpha-motor unit action potentials (MUAP) in peripheral 
nerves, which rapidly reach the threshold. As a result, more 
muscle fibers can participate in the contraction, strength-
en the muscle and restore the body’s motor function [21]. 
NMES may improve muscle strength by acting on micro-
rNa-486/PTEN/FoxO1 pathway and reducing muscle atrophy 
furtherly [22]. Other studies have shown that NMES could 
effectively increase the thickness of skeletal muscle [23] and 
increase muscle strength [24]. Type I muscle fibers accounts 
for 68–90% of deep pelvic floor muscles, characterized by 
tetanic contraction and relative indefatigability, whose role 
is to maintain the basic functions at resting state of the 
pelvic floor. Type II muscle fibers are mainly distributed 
in superficial pelvic floor muscles, characterized by peri-
odic and quick contraction and fatigability, whose role is to 
cope with the exploding force from the outside. Regarding 
the electrophysiological characteristics of different types 
of muscle fibers, the pulse width of electrical stimulation 
should be different too.

In this study, the treatment of NMES for Group A had 
an analgesic effect with the release of immunoreactive 
β-endorphin into the cerebrospinal fluid (1–10 Hz, 300 µs, 
R = 0, the maximum current) [25], closer to electrophysi-
ological characteristics of Type I muscle fibers, which could 
relax the muscles from the spasm, improve blood supply  

table 5. Comparison of the differences of the indicators after the treatments of neuromuscular electrical stimulation with different pulse widths 
between Group A and Group B

indicators Group a Group b u P-value

OABSS 2 (1, 4) 5 (2, 6) 142.000& 0.006

Mean myoelectric potential at pre-resting state [μv] 1.10 (0.80, 2.00) 1.57 (1.20, 2.29) 190.000& 0.101

Mean myoelectric potential of Type I muscle fibers(slow-twitch) [μv] 25.02 (22.37, 27.95) 13.14 (10.34, 21.72) 64.000& < 0.001

Maximum myoelectric potential of Type II muscle fibers (fast-twitch) [μv] 34.25 ± 13.00 25.91 ± 10.84 2.363* 0.023

OABSS — overactive bladder symptom score; *referred to student’s t test; &referred to Mann-Whitney U

table 6. Comparison of the differences of the indicators before and after the treatments of neuromuscular electrical stimulation with different 
pulse widths between Group A and Group B

indicators Group a Group b u p-value

OABSS –5.61 ± 1.95 –3.83 ± 1.47 –3.506* 0.001

Mean myoelectric potential at pre-resting state [μv] –3.45 (–5.30, –1.23) –0.88 (–2.52, –0.61) 184.000& 0.077

Mean myoelectric potential of Type I muscle fibers (slow-twitch) [μv] 10.45 (2.51, 15.58) –0.17 (–0.56, 0.85) 80.000& < 0.001

Maximum myoelectric potential of Type II muscle fibers (fast-twitch) [μv] 9.71 ± 8.13 –0.08 ± 3.73 5.256* < 0.001

OABSS — overactive bladder symptom score; *referred to student’s t test; &referred to Mann-Whitney U
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of the muscle and its nerve, and had analgesia effect. Apart 
from improving the pelvic floor muscle strength, its main ad-
vantage lied in the therapeutic effect for urge incontinence 
with effectively reducing OABSS [13]. On the other hand, the 
treatment of NMES for Group B was a kind of analgesic treat-
ment as well, but it was closer to electrophysiological charac-
teristics of Type II muscle fibers with lower pulse width [26].  
In conclusion, Type I muscle fibers have been playing a more 
important role in maintaining the stability of pelvic floor 
functions.

In this study, it was found that the patients having been 
treated with NEMS by pulse width of 300 µs had more ad-
vantages than those patients having been treated with 
NEMS by pulse width of 200 µs in reducing OABSS and 
increasing myoelectric potential of pelvic floor muscle fibers.  
The mechanism may be that 300µs was more suitable for 
OAB patients with long-term high tension, spasm and is-
chemia of pelvic floor muscle fibers. Therefore, the treat-
ments of NMES should be determined according to the 
individual situation of the pelvic floor muscle fibers.

oabSS in China 
OABSS has been recommended by ICS for evaluating the  

symptoms of OAB. OABSS was reported by Homma for  
the first time in 2006 in Japan. Nowadays, it has been adopt-
ed in many foreign clinical researches [17, 27] and validated 
in China as well [28]. It is a self-report questionnaire, creating 
a single score for all the symptoms — OAB symptom score 
(OABSS), to quantify the OAB symptoms and evaluate its 
severity. In this study, after the treatments of NMES, OABSS 
in Group A and Group B were both significantly reduced, 
indicating that NEMS may be effective for OAB.

Comparison of different treatments for oab 
The treatments for OAB in clinical practice mainly in-

clude behavior therapy (lifestyle changes, PFMT, biologi-
cal feedback, etc.), drug therapy (Anticholinergic drugs, 
beta-3 adrenal agonists, estrogen, etc.) [29], sacral neuro-
modulation, et al. However, these treatments have been 
existed with insurmountable limitations in clinical applica-
tion currently [24].

As the first-line treatment, behavior therapy could ef-
fectively improve the adherence of the OAB patients. It is 
usually recommended to use before or with the drugs. Life-
style changes, such as reasonable and effective liquid man-
agement, avoiding caffeine and soft drinks, reducing fluid 
intake before sleep, maintaining defecate unobstructed, 
keeping a healthy weight and stopping smoking, can all 
improve the symptoms of OAB [30].

Drug therapy is the second-line treatment recommend-
ed by ICS. M cholinergic receptor blockers, by competitive 
inhibiting the acetylcholine in the smooth muscle of bladder 

and postganglionic cholinergic receptor binding sites, has 
been used in clinical practice for many years with its effec-
tiveness widely confirmed. Unfortunately, about 80% of the  
patients had adverse effects of dry mouth. Up to 83% of the pa-
tients have stopped using the drug because of intolerance [31].  
At present, the most widely studied beta-3 adrenergic 
agonists have been Mirabelone and Sorabelone. However, 
drug treatments of OAB cannot increase pelvic floor mus-
cle strength, leaving limitations in treating comprehensive 
urinary incontinence or pelvic floor dysfunctions combined 
with the weakened pelvic floor muscle strength.

Sacral nerve stimulation (SNS) is a third-line treatment 
recommended by ICS. It implants an electrode in the S3 sa-
cral foramen, which is connected to an internal pulse gen-
erator under the skin. The internal pulse generator emits 
pulses to release electric energy from the electrode, thereby 
stimulating the sacral and pudendal nerves, inhibiting the 
detrusor contraction and relieving the patient’s symp-
toms. However, due to its high cost and invasion, it is only 
applicable to patients with severe emergent incontinence 
who cannot tolerate non-invasive treatments [32].

In the 1860s, Cadwell et al., began to study transvaginal 
electrical stimulation [33]. Subsequently, it has been proven 
to achieve therapeutic effects by stimulating the perineal 
nerve at frequencies below 12 Hz, to inhibit the detrusor 
muscle, regulate its involuntary contraction and reduce 
urination times [34]. Electrical stimulation has also been 
working in a passive way to help OAB patients be aware 
of their perineal (pelvic floor) muscle contractions, which 
may in turn help suppress involuntary detrusor contrac-
tions [35]. The advantage of NMES in clinical application 
lies in non-invasion and definite effectiveness. However, 
the OAB patients still have difficulty complying with the 
schedule of the outpatient department. Portable electrical 
stimulation devices that can be used at home may become 
popular in the future.

limitations 
In this study, the two groups of patients were not dou-

ble-blind to the treatment. Fortunately, BMI, age, delivery 
times, OABSS and pelvic floor muscle strength between 
the two groups were not significantly different before the 
treatments, making the results of post treatment valuable.  
In further studies, randomized, double-blind, controlled tri-
als should be designed to validate the therapeutic effective-
ness of different treatments of NMES, and to further explore 
whether it’s short-term or long-term effective.

ConCluSionS 
In conclusion, OAB is a common disease that seriously 

affects the life quality of postmenopausal elderly women. 
At present, it has been a hot issue in clinical practice to 
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effectively improve OAB symptoms individually and com-
prehensively and improve the pelvic floor functions for the 
patients at the same time. Comparing the indicators before 
and after the treatments of NMES, our study has preliminar-
ily confirmed that NMES has its advantages in treating with 
OAB, to improve the life quality of the patients.

Acknowledgements 
We are grateful to Professor Shaowei Wang from Beijing 
Hospital for his theoretical guidance during the implemen-
tation of this research. 

Funding 
The study was financed from authors own funds. 

Availability of data and materials 
The datasets used and/or analyzed during the current study 
are available from the corresponding author on reasonable 
request. 

Authors’ contributions 
Aiming Lv designed the research, analyzed and interpreted 
the research data, and wrote the manuscript. Tianzi Gai, 
Qing Feng, Min Li, and Wenhui Deng collected the research 
data. Qiubo lv designed the study and guiding the writing 
of the manuscript.

Ethics approval and consent to participate 
The present study was approved by the Ethics Committee 
of Beijing Hospital. Informed consent was obtained from 
all patients. 

Patient consent for publication 
Informed consent was obtained from all patients. 

Conflict of interests 
The authors declare that they have no competing interests.  
The institution does not develop products with relevant 
information, apply for patents, and does not provide expe-
rimental funds. The institution does not interfere with the 
decision to publish and share relevant research results in 
journals.

Supporting information
CONSORT Checklist S1 Completed ‘‘CONSORT 2010 checklist 
of information” to include when reporting a randomized 
trial in this manuscript.
Chinese Clinical Trial Registry Registration number: 
ChiCTR2000039585

RefeRences
1. Haylen BT, de Ridder D, Freeman RM, et al. International Urogyneco-

logical Association, International Continence Society. An International 
Urogynecological Association (IUGA)/International Continence Society 
(ICS) joint report on the terminology for female pelvic floor dysfunction. 
Neurourol Urodyn. 2010; 29(1): 4–20, doi: 10.1002/nau.20798, indexed 
in Pubmed: 19941278.

2. Wang Y, Xu K, Hu H, et al. Prevalence, risk factors, and impact on health re-
lated quality of life of overactive bladder in China. Neurourol Urodyn. 2011; 
30(8): 1448–1455, doi: 10.1002/nau.21072, indexed in Pubmed: 21826714.

3. Stewart WF, Van Rooyen JB, Cundiff GW, et al. Prevalence and burden of 
overactive bladder in the United States. World J Urol. 2003; 20(6): 327– 
–336, doi: 10.1007/s00345-002-0301-4, indexed in Pubmed: 12811491.

4. Robinson D, Cardozo L, Milsom I, et al. Oestrogens and overactive blad-
der. Neurourol Urodyn. 2014; 33(7): 1086–1091, doi: 10.1002/nau.22464, 
indexed in Pubmed: 23868110.

5. Yi J, Tenfelde S, Tell D, et al. Triathlete Risk of Pelvic Floor Disorders, Pelvic 
Girdle Pain, and Female Athlete Triad. Female Pelvic Med Reconstr Surg. 
2016; 22(5): 373–376, doi: 10.1097/SPV.0000000000000296, indexed in 
Pubmed: 27403753.

6. Khan AA, Eilber KS, Clemens JQ, et al. Trends in management of pelvic 
organ prolapse among female Medicare beneficiaries. Am J Obstet 
Gynecol. 2015; 212(4): 463.e1–463.e8, doi: 10.1016/j.ajog.2014.10.025, 
indexed in Pubmed: 25446663.

7. Brueseke TJ, Wilkins MF, Willis-Gray MG, et al. Lifetime risk of surgery for 
stress urinary incontinence or pelvic organ prolapse. Minerva Ginecol. 
2017; 69(2): 171–177, doi: 10.23736/S0026-4784.16.04011-9, indexed 
in Pubmed: 28001022.

8. Malde S, Kelly S, Saad S, et al. Case-finding tools for the diagnosis of OAB 
in women: A narrative review. Neurourol Urodyn. 2020; 39(1): 13–24, doi: 
10.1002/nau.24171, indexed in Pubmed: 31578764.

9. Wallace SA, Roe B, Williams K, et al. Bladder training for urinary inconti-
nence in adults. Cochrane Database Syst Rev. 2004(1): CD001308, doi: 
10.1002/14651858.CD001308.pub2, indexed in Pubmed: 14973967.

10. Wein A. Commentary RE: The standardisation of terminology in lower 
urinary tract function: report from the standardisation sub-committee 
of the International Continence Society. Urology. 2020; 145: 310–311, 
doi: 10.1016/j.urology.2020.04.064, indexed in Pubmed: 32333987.

11. Hay-Smith J, Herbison P, Ellis G, et al. Which anticholinergic drug for 
overactive bladder symptoms in adults. Cochrane Database Syst Rev. 
2005(3): CD005429, doi: 10.1002/14651858.CD005429, indexed in 
Pubmed: 16034974.

12. D’Souza AO, Smith MJ, Miller LA, et al. Persistence, adherence, and 
switch rates among extended-release and immediate-release overac-
tive bladder medications in a regional managed care plan. J Manag 
Care Pharm. 2008; 14(3): 291–301, doi: 10.18553/jmcp.2008.14.3.291, 
indexed in Pubmed: 18439051.

13. Lúcio A, D’ancona CA, Perissinotto MC, et al. Pelvic floor muscle 
training with and without electrical stimulation in the treatment 
of lower urinary tract symptoms in women with multiple sclero-
sis. J Wound Ostomy Continence Nurs. 2016; 43(4): 414–419, doi: 
10.1097/WON.0000000000000223, indexed in Pubmed: 27014935.

14. Jundt K, Peschers U, Kentenich H. The investigation and treatment of 
female pelvic floor dysfunction. Dtsch Arztebl Int. 2015; 112(33-34): 
564–574, doi: 10.3238/arztebl.2015.0564, indexed in Pubmed: 26356560.

15. Candy B, Jones L, Vickerstaff V, et al. Interventions for sexual dysfunction 
following treatments for cancer in women. Cochrane Database Syst Rev. 
2016; 2: CD005540, doi: 10.1002/14651858.CD005540.pub3, indexed in 
Pubmed: 26830050.

16. Silva VR, Riccetto CL, Martinho NM, et al. Training through gametherapy 
promotes coactivation of the pelvic floor and abdominal muscles in young 
women, nulliparous and continents. Int Braz J Urol. 2016; 42(4): 779–786, 
doi: 10.1590/S1677-5538.IBJU.2014.0580, indexed in Pubmed: 27564290.

17. Homma Y, Yoshida M, Seki N, et al. Symptom assessment tool for overac-
tive bladder syndrome--overactive bladder symptom score. Urology. 
2006; 68(2): 318–323, doi: 10.1016/j.urology.2006.02.042, indexed in 
Pubmed: 16904444.

18. Robinson AJ, Snyder-Mackler L. Clinical electrophysiology: electro-
therapy and electrophysiologic testing, third edition. Lippincott Williams 
& Wilkins, Philadelphia 1997.

http://dx.doi.org/10.1002/nau.20798
https://www.ncbi.nlm.nih.gov/pubmed/19941278
http://dx.doi.org/10.1002/nau.21072
https://www.ncbi.nlm.nih.gov/pubmed/21826714
http://dx.doi.org/10.1007/s00345-002-0301-4
https://www.ncbi.nlm.nih.gov/pubmed/12811491
http://dx.doi.org/10.1002/nau.22464
https://www.ncbi.nlm.nih.gov/pubmed/23868110
http://dx.doi.org/10.1097/SPV.0000000000000296
https://www.ncbi.nlm.nih.gov/pubmed/27403753
http://dx.doi.org/10.1016/j.ajog.2014.10.025
https://www.ncbi.nlm.nih.gov/pubmed/25446663
http://dx.doi.org/10.23736/S0026-4784.16.04011-9
https://www.ncbi.nlm.nih.gov/pubmed/28001022
http://dx.doi.org/10.1002/nau.24171
https://www.ncbi.nlm.nih.gov/pubmed/31578764
http://dx.doi.org/10.1002/14651858.CD001308.pub2
https://www.ncbi.nlm.nih.gov/pubmed/14973967
http://dx.doi.org/10.1016/j.urology.2020.04.064
https://www.ncbi.nlm.nih.gov/pubmed/32333987
http://dx.doi.org/10.1002/14651858.CD005429
https://www.ncbi.nlm.nih.gov/pubmed/16034974
http://dx.doi.org/10.18553/jmcp.2008.14.3.291
https://www.ncbi.nlm.nih.gov/pubmed/18439051
http://dx.doi.org/10.1097/WON.0000000000000223
https://www.ncbi.nlm.nih.gov/pubmed/27014935
http://dx.doi.org/10.3238/arztebl.2015.0564
https://www.ncbi.nlm.nih.gov/pubmed/26356560
http://dx.doi.org/10.1002/14651858.CD005540.pub3
https://www.ncbi.nlm.nih.gov/pubmed/26830050
http://dx.doi.org/10.1590/S1677-5538.IBJU.2014.0580
https://www.ncbi.nlm.nih.gov/pubmed/27564290
http://dx.doi.org/10.1016/j.urology.2006.02.042
https://www.ncbi.nlm.nih.gov/pubmed/16904444


628

Ginekologia Polska 2022, vol. 93, no. 8

www. journals.viamedica.pl/ginekologia_polska

appendix 1. Overactive bladder symptom score (OABSS)

item Symptom frequency/times Standardized score Score 

1. Day frequency How many times of urination from getting up 
in the morning to going to sleep at night?

≤ 7 0

8–14 1

≥ 15 2

2. Night-time frequency How many times of urination from going to sleep 
at night to getting up in the morning?

0 0

1 1

2 2

≥ 3 3

3. Urgency Is there a sudden urge to urinate and an unbearable 
sensation occurring at the same time?

None 0

< 1 time per week 1

≥ 1 time per week 2

= 1 time per day 3

2–4 times per day 4

≥ 5 times per day 5

4. Urgency incontinence Is there a sudden urge to urinate and an intolerable 
incontinence?

None 0

< 1 time per week 1

≥ 1 time per week 2
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abStraCt
objectives: Preterm premature rupture of membranes (pPROM) is associated with the increased risk of chorioamnionitis, 
foetal exposure to inflammation, and respiratory complications in preterm neonates. The aim of the study was to identify 
patients at highest risk of developing neonatal infectious and respiratory morbidity following pPROM and preterm birth. 

Material and methods: It was a retrospective cohort study including 299 consecutive patients in singleton pregnancies 
complicated by preterm premature rupture of membranes and giving birth between 22nd and 36th gestational week. 
Analysed factors included maternal characteristics, obstetric history, gestational age at pPROM and at delivery, latency 
and management. Multivariate logistic regression models were applied in order to identify risk factors for severe infec-
tious and respiratory neonatal complications. 

results: Earlier gestational age at pPROM is associated with increased probability of developing early-onset neonatal 
sepsis and pulmonary hypertension. Earlier gestational age at birth and lower birth weight were independent factors 
associated with neonatal respiratory distress syndrome. Positive cervical culture was identified as a risk factor for acute 
neonatal respiratory failure. 

Conclusions: Gestational age at pPROM, gestational age at birth and birth weight were the leading factors influencing 
the risk of developing neonatal infectious and respiratory morbidity following preterm premature rupture of membranes.

Key words: bronchopulmonary dysplasia; neonatal sepsis; pprom; premature birth; respiratory distress syndrome; 
respiratory insufficiency; transient tachypnea of the newborn 
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introduCtion
Preterm premature rupture of membranes (pPROM) is 

associated with the increased risk of chorioamnionitis and 
foetal exposure to inflammation [1]. Available data shows 
that inflammatory intrauterine environment could have 
long-term effects including impact on the incidence of re-
spiratory morbidity and cardiovascular system condition 
through impaired endothelial function [2–6]. 

There is an association between infectious and respirato-
ry complications in preterm neonates. Neonatal infection is 
a documented risk factor for developing long-term respira-
tory morbidity including bronchopulmonary dysplasia [7–9].

At the same time, premature birth remains the most 
common independent risk factor for neonatal mortality 
and morbidity worldwide [10, 11]. Therefore, during the  
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management of patients with pPROM, efforts must be made 
in order to balance between the risk of prematurity com-
plications and the risk of developing intrauterine infection.

objectives
The aim of the study was to identify subgroups of pa-

tients at highest risk of developing neonatal infectious 
and respiratory complications following preterm prema-
ture rupture of membranes and preterm birth in singleton 
pregnancies.

MatErial and MEthodS
It was a retrospective cohort study performed in a ter-

tiary obstetric referral centre. Study group included con-
secutive patients in pregnancies complicated by preterm 
premature rupture of membranes between 12th and 36th 
gestational weeks giving birth between 22nd and 36th gesta-
tional weeks in the time period between October 2016 and 
December 2018. Exclusion criteria were multiple pregnancy 
(n = 49), chromosomal and structural foetal abnormalities 
(n = 23) diagnosed antenatally or after birth, with the ma-
jority of structural heart defects and seven cases of fatal 
defects. During the study period there were 7198 births in 
our centre, including 755 singleton preterm births, out of 
which 322 were complicated by preterm premature rupture 
of membranes. A total of 299 women were enrolled in this 
analysis.

Preterm premature rupture of membranes was diag-
nosed based on the speculum examination, assessment 
of the pH level and the presence of insulin-like growth 
factor-binding protein 1 in the vaginal discharge. Bacte-
rial culture from cervical canal was collected on admission 
from every woman. Patients were managed expectantly 
with strict monitoring of maternal and foetal wellbeing, 
antenatal corticosteroid therapy, prophylactic empirical 
antibiotic therapy, and regular assessment of inflamma-
tory markers. Two doses of 12 mg betamethasone were 
administered after pPROM diagnosis with 24 h inter-
val between completed 23rd and 36th gestational week.  
In case of latency exceeding 14 days, third dose of 12 mg 
betamethasone was administered after two weeks. Patients 
with pregestational diabetes mellitus received four doses of 
6 mg betamethasone with 12 h intervals. The prophylactic 
antimicrobial treatment was established based on local epi-
demiological data and consisted of intravenous cefuroxime 
for 10 days. Therapy was adjusted in case of drug allergy or 
antimicrobial resistance detected in cervical specimen col-
lected on admission. Analysed factors included: maternal 
characteristics, obstetric history, gestational age at pPROM, 
results of the cervical bacterial culture, latency, adminis-
tered antenatal corticosteroid dose and its timing, introduc-
tion of tocolysis, delivery mode, gestational age at birth,  

birth weight, neonatal complications and management. 
Study endpoints included early-onset neonatal sepsis, pul-
monary hypertension, bronchopulmonary dysplasia, acute 
neonatal respiratory failure, respiratory distress syndrome 
(RDS), and transient tachypnoea of the newborn.

Latency was counted as time between the rupture of 
membranes and delivery. Early-onset neonatal sepsis was 
diagnosed within the first 72 hours after birth based on 
both clinical symptoms (i.e., bradycardia, apnoea, cyanosis, 
lethargy) and laboratory findings — white blood cell and 
absolute neutrophil counts lower and upper normal limits, 
C-reactive protein with the cut-off value at 10 mg/L [12–14]. 
Positive neonatal blood culture was not required for the 
diagnosis as this study included in the analysis all cases of 
positive-culture sepsis and negative-culture clinical sep-
sis. Bronchopulmonary dysplasia was diagnosed in neonates 
requiring oxygen therapy for at least four weeks [15]. Acute 
neonatal respiratory failure was defined by laboratory crite-
ria with two results from the following: PaCO2 > 60 mmHg, 
PaO2 < 50 mmHg or O2 saturation < 80% with an FiO2 of 
1.0 and pH < 7.25 in infants requiring assisted ventilation 
due to acute clinical respiratory insufficiency [16, 17].  
The diagnosis of respiratory distress syndrome was based 
on the clinical presentation of tachypnoea, retractions, ex-
piratory grunting and cyanosis together with typical radio-
graphic bronchogram findings [18]. Transient tachypnoea of 
the newborn was diagnosed based on presented symptoms, 
radiographic findings and exclusion of other respiratory 
morbidities [19]. Pulmonary hypertension was diagnosed 
during the hospitalization in the neonatal intensive care unit 
based on echocardiograms showing elevated right ventricle 
pressure with the estimated pulmonary pressures greater 
than 50% of the systemic pressure [20].

Statistical analysis was performed with the use of mul-
tivariate logistic regression models. Analysed variables in-
cluded gestational age at birth, gestational age at PROM, 
latency, use of betamethasone, intravenous tocolysis, posi-
tive cervical culture, mode of delivery, sex of the neonate, 
birth weight, neonatal hypotrophy diagnosed at birth, and 
1st minute Apgar score. Gestational age (at birth) stratifica-
tion was performed by dividing neonates into four analysed 
subgroups: born before completed 28th gestational week, 
born between 28th and 31st gestational week, born between 
32nd and 33rd gestational week, and born between 34th and 
36th gestational week. In case of more than two analysed 
groups, the Kruskall-Wallis ANOVA analysis was performed 
as required. Two-tailed p < 0.05 was considered significant. 
SAS software, version 9.4 (SAS Institute, Cary, NC) was used.

The study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review 
Board of the Medical University of Warsaw (protocol code 
AKBE/16/2018, date of approval 6th February 2018).
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rESultS
Study group included 299 singleton patients with pre-

term premature rupture of membranes. Maternal charac-
teristics, obstetric history, gestational age at PROM, latency, 
mode of delivery, gestational age at delivery, birth weight, 
1st minute Apgar score and neonatal hospitalization dura-
tion are presented in Table 1.

Mean gestational age at birth in the subgroup with 
latency under 48 hours was 34 weeks and 4 days. In the 
subgroup with latency between 48 hours and seven days 
mean gestational age was 32 weeks. Mean gestational age 
in patients with latency exceeding 7 days was 30 weeks and 
5 days. In a post hoc analysis (least square difference test) it 

was observed that differences in mean gestational age at 
birth between all three subgroups were significant (Tab. 2).

One hundred and thirty-two (44%) analysed women 
were primiparous. Bacterial culture from cervical swab was 
positive in 130 (44%) patients. Identified pathogens were: 
E. coli (n = 43), S. agalactiae (n = 39), C. albicans (n = 31), 
P. bivia (n = 19), E. faecalis (n = 17), G. vaginalis (n = 7),  
K. pneumoniae (n = 5), E. cloacae (n = 3), Ureaplasma (n = 3), 
P. melanogenica (n = 2), S. pyogenes (n = 2), B fragilis (n = 1),  
B. ovatus (n = 1), C crusei (n = 1), C glabrata (n = 1), C. lusitaniae 
(n = 1), C. freundii (n = 1), C. krosei (n = 1), H. influenzae (n = 1), 
P. mirabilis (n = 1). In 200 (67%) patients latency duration 
was below 48 hours. Intravenous tocolysis was administered 

table 1. Study group characteristics, n = 299

feature Mean Sd ranges

 Maternal age [years] 32.57 5.4 17–47

Feature Median Lower and upper quartile Ranges

Gestational age at PROM [weeks] 35 31; 36 12–36

Latency [h] 17.5 7; 96 0.5–3192

Gestational age at delivery [weeks] 35 32; 36 22–36

Neonatal hospitalization [days] 10 7; 27 1–120

Birth weight [g] 2520 1950; 2880 460–4820

feature n %

Primigravid 132 44

Cesarean section 145 45

Emergency cesarean section 41 14

Gestational diabetes mellitus 71 24

Pregestational diabetes mellitus 20 7

Pregnancy-induced hypertension 9 3

Pregestational hypertension 15 5

Intrahepatic cholestasis of pregnancy 9 3

Pathological cervical microbiome 130 44

1st min Apgar score 8–10 225 75

1st min Apgar score 4–7 56 19

1st min Apgar score 0–3 10 3

SD — standard deviation; PROM — premature rupture of membranes

table 2. Mean gestational age at birth in latency subgroups (p < 0.001)

analyzed 
subgroup n latency duration Median latency 

duration [hours]
lower and upper 
quartile [hours]

latency ranges 
[hours]

Mean gestational 
age at birth 

[weeks + days]

I 200 (67%) Under 48 hours 9 5; 17.75 0.5–48 34 + 4*

II 47 (16%) Between 48 hours 
and 7 days 96 72; 144 50–168 32*

III 52 (17%) Over 7 days 456 288; 768 192–3192 30 + 5*

*Post hoc analysis results for subgroups: significant differences between gestational ages in subgroup I and II p < 0.001, I and III p < 0.001, and II and III p < 0.02
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in 105 (35%) women. One hundred and fifty-six (52%) re-
ceived two doses of antenatal corticosteroids. Thirty-eight 
(13%) patients received incomplete antenatal corticoste-
roids dose because of labour progress. One hundred and 
thirty-five (45%) women delivered via caesarean section  
and 41 (14%) had emergency caesarean section. Twenty-four 
(8%) women were antenatally diagnosed with the onset of 
intrauterine infection. Sixteen of them (67%) delivered via 
caesarean section. In this subgroup of patients early-onset 
neonatal sepsis was more prevalent in children born by 
a c-section than vaginal birth — 7 (44%) vs 1 (12.5%). This 
result, however, was not statistically significant because of 
subgroup size.

Early-onset neonatal sepsis was diagnosed in 23 (7.7%) 
children. Acute respiratory failure was present in 77 (25.8%) 
neonates. Thirty-eight (12.7%) newborns were diagnosed 
with respiratory distress syndrome. Transient tachypnoea of 
the neonate was present in 72 (24.2%) neonates. Broncho-

pulmonary dysplasia was detected in 20 (6.7%) infants. Pul-
monary hypertension was diagnosed in 12 (4%) children.

Table 3 shows the results of multivariate logistic regres-
sion. Earlier gestational age at PROM was associated with 
increased probability of developing early-onset neonatal 
sepsis and pulmonary hypertension. Earlier gestational age 
at birth, lower birth weight and hypotrophy were indepen-
dent factors associated with the risk of neonatal respiratory 
distress syndrome. Infants of patients requiring intravenous 
tocolysis and male neonates were at higher risk of devel-
oping acute respiratory failure and transient tachypnoea. 
Positive cervical culture was identified as a risk factor for 
acute neonatal respiratory failure.

Table 4 presents differences in the incidence of neonatal 
mortality and morbidity in different gestational age groups 
at birth. The highest incidence of acute respiratory failure, 
respiratory distress syndrome, bronchopulmonary dyspla-
sia, pulmonary hypertension and neonatal mortality was 

table 3. Factors associated with neonatal morbidity — results of the multivariate logistic regression

Parameter Wald Chi-Square p or Ci 95%

Early-onset neonatal sepsis: n = 23; Chi-Square = 24.09; p < 0.0001*

Gestational age at PROM [weeks] 12.54 0.0004 0.85 (0.78; 0.93)

Caesarean delivery 8.35 0.009 5.62 (1.54; 20.43)

Acute respiratory failure: n = 77; Chi-Square = 111.55; p < 0.0001*

Gestational age at birth 22nd–27th weeks 34.56 < 0.0001 46.35 (12.9; 166.5)

Gestational age at birth 28th–31st weeks 26.7 < 0.0001 10.97 (4.42; 27.2)

Gestational age at birth 32nd –33th weeks 15.41 < 0.0001 6.26 (2.5; 15.63)

Intravenous tocolysis 9.45 0.002 3.12 (1.51; 6.44)

Positive cervical culture 5.86 0.01 2.37 (1.78; 4.75)

Male sex of the neonate 5.86 0.01 2.58 (1.2; 5.54)

Transient tachypnoea: n = 72; Chi-Square = 30.59; p < 0.0001*

Gestational age at birth 22nd–27th weeks 0.47 0.49 0.63 (0.17; 2.35)

Gestational age at birth 28th–31st weeks 1.32 0.25 1.62 (0.71; 3.7)

Gestational age at birth 32nd –33rd weeks 7.48 0.006 3.16 (1.39; 7.2)

Intravenous tocolysis 8.1 0.004 2.48 (1.33; 4.64)

Male sex of the neonate 4.86 0.03 2.02 (1.08; 3.78)

Respiratory distress syndrome: n = 38; Chi-Square = 102.73; p < 0.0001*

Gestational age at birth 22nd–33rd weeks 7.74 0.005 11.3 (2.05; 62.39)

Latency between 48 h and 7 days 2.02 0.15 0.37 (0.097; 1.45)

Latency over 7 days 2.84 0.09 2.46 (0.86; 6.99)

Birth weight 9.77 0.002 0.999 (0.998; 0.999)

Hypotrophy 4.2 0.04 9.87 (1.1; 88)

Bronchopulmonary dysplasia: n = 20; Chi-Square = 57.75; p < 0.0001*

Birth weight 24.7 < 0.0001 0.996 (0.995; 0.998)

Use of intravenous tocolysis 6.57 0.01 7.69 (1.62; 36.52)

Pulmonary hypertension: n = 12; Chi-Square = 46.49; p < 0.0001*

Gestational age at PROM [weeks] 20.55 < 0.0001 0.74 (0.69; 0.84)

*Results of the model; OR — odds ratio; CI — confidence interval; PROM — premature rupture of membranes
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observed in the extremely preterm gestational age group, 
born before completed 28th gestational week.

Mean median latency in the subgroup of neonates born 
between 22nd and 31st gestational week lasted significantly 
longer in case of children who developed pulmonary hy-
pertension (n = 11) than in those who did not (n = 51) 
(552 hours vs 144 hours, p = 0.004). No significant differences 
in median latency durations were identified regarding the 
incidence of bronchopulmonary dysplasia, neonatal mortal-
ity, use of continuous positive airway pressure, nor use of 
synchronized intermittent mandatory ventilation in infants 
born before completed 32nd gestational week.

diSCuSSion
Main findings of our study show that birth weight 

and gestational age — both during the rupture of mem-
branes and during delivery — are the leading factors as-
sociated with the risk of developing neonatal complica-
tions in pPROM population. Gestational week at PROM is 
a non-modifiable factor during patients’ admission to the 
hospital. However, it could be a valuable source of informa-
tion for the neonatology team about the prognosis and 
possible required management. 

Intrauterine exposure to leakage of the amniotic flu-
id caused by membranes rupture is not only linked with 
short-term complications but also increases the risk of respi-
ratory morbidity in later childhood. In a population-based 
cohort study by Imterat et al. [21] authors analysed whether 
pPROM was related to the number of hospitalizations for 
respiratory reasons. During 23 years of observation, it was 
found that the study group (n = 641) was burdened with 
higher number of respiratory hospitalizations in comparison 
to the control group of early preterm deliveries with intact 
membranes (n = 1954). 

One of the partly modifiable characteristics of pPROM 
patients’ management is the duration of amniotic fluid leak-
age. In the multivariate analysis we have not observed statis-

tically significant association between latency and neonatal 
morbidity. Mean gestational ages were significantly different 
in the latency subgroups from our study (Tab. 2) — more 
than seven days of latency was observed in less advanced 
pregnancies with mean gestational age at birth of 30 weeks 
and 5 days. Therefore, gestational age at birth might be 
the leading factor influencing neonatal respiratory distress 
syndrome risk in this subgroup. 

In a cohort study by Manuck et al. [22] the perinatal 
outcome of 360 patients with pPROM delivering at me-
dian of 31.4 gestational week were examined. The authors 
hypothesized that the incidence of severe perinatal morbid-
ity would increase with latency duration. However, results 
of their multivariate models did not show any association 
between perinatal complications and latency. Higher inci-
dence of severe neonatal morbidity was linked with lower 
gestational age and congenital sepsis. In a retrospective 
cohort study examining the outcome of 128 pregnancies 
with previable preterm premature rupture of membranes, 
longer latency duration, together with higher birth weight 
and more advanced gestational age at birth were associated 
with significantly lower postnatal mortality [23]. In a study 
by Yan et al. [24] analysing the outcome of 850 patients with 
pPROM, longer latency duration was a favourable factor for 
newborns delivered between 28th and 31st gestational week, 
but it was not beneficial beyond 32 weeks.

In another study examining neonatal outcome in 
pPROM depending on the latency duration only patients 
with latency exceeding 48 hours were included in the analy-
sis (n = 206) [25]. The mean latency period in this study was 
15.1 days. Authors observed that longer latency period did 
not contribute to higher neonatal morbidity. Conversely, 
in the subgroup with pPROM between completed 29th and 
32nd gestational week, latency lasting more than 14 days 
was associated with lower incidence of neonatal complica-
tions compared to shorter latency periods (p = 0.001). After 
completed 32nd gestational week there was no difference 

table 4. Differences in the incidence of neonatal morbidity and mortality depending on the gestational age at birth: extremely preterm under 
28th gestational week, very early preterm between 28th and 31st gestational week, early preterm between 32nd and 33rd gestational week, and 
late preterm between 34th and 36th gestational week

under 28th 
gestational week 

(n = 25)

28th–31st 
gestational week 

(n = 39)

32nd–33rd 
gestational week 

(n = 34)

34th–36th 
gestational week  

(n = 201)
p

Early-onset sepsis 4 (16%) 11 (28%) 2 (6%) 6 (3%) < 0.001

Acute respiratory failure 18 (72%) 25 (64%) 17 (50%) 17 (8%) < 0.001

Transient tachypnoea 3 (12%) 14 (36%) 18 (53%) 37 (18%) < 0.001

Respiratory distress syndrome 15 (60%) 15 (38%) 6 (18%) 2 (1%) < 0.001

Bronchopulmonary dysplasia 12 (48%) 8 (21%) 0 0 < 0.02

Pulmonary hypertension 5 (20%) 6 (15%) 0 1 (0.5%) < 0.001

Neonatal mortality 5 (20%) 1 (3%) 0 0 < 0.03
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in neonatal complications incidence in latency duration 
subgroups: 3–7 days, 8–13 days, and 14 or more days. No 
statistically significant differences in the incidence of neona-
tal sepsis between the subgroups were identified. Similarly, 
to our study, latency period decreased with more advanced 
gestational age. However, in our analysis of the subgroup 
of neonates born before 32nd gestational week, longer me-
dian latency duration was observed in the subgroup of 
infants who developed pulmonary hypertension. This result 
was not confirmed in the multivariate analysis.

In a retrospective study on 159 pPROM cases by Jahromi 
et al. [26] authors presented the association between la-
tency and neonatal respiratory distress syndrome incidence. 
There was a reverse linear relationship between latency and 
respiratory distress syndrome during the first 48 hours fol-
lowing the rupture of membranes — a gradual decrease in 
morbidity from 43% to 19% was observed. After 48 hours of 
latency the incidence of RDS increased again and reached 
40%. Authors link this observation with pulmonary matu-
ration due to antenatal corticosteroid therapy introduced 
shortly after PROM. However, the optimum time interval 
between PROM and delivery was not suggested because 
of big differences in leakage duration exceeding 48 hours.  
In another retrospective study Niesłuchowska-Hoxha et al. [27]  
analysed the occurrence of respiratory distress syndrome 
in 175 singleton pregnancies complicated by pPROM 
with median latency duration of 19 hours and 48 minutes.  
In a multivariate logistic regression authors reported asso-
ciation between RDS incidence and gestational age at birth, 
neonatal haemoglobin level, and neonatal platelet count.

We have observed association between caesarean de-
livery mode and the incidence of early-onset neonatal sep-
sis. This could be the consequence of qualifying patients 
with rapidly increasing inflammatory markers levels and foe-
tal tachycardia for caesarean delivery. Results from our previ-
ous study showed that pPROM is associated with higher in-
cidence of vaginal deliveries in comparison to preterm births 
with intact membranes (55% versus 35%, p < 0.001) [28].  
It is also reported in the literature that spontaneous pre-
term labour is associated with higher risk of neonatal sepsis 
(22.9%) in comparison to patients with prolonged preterm 
amniotic fluid leakage without developing contractions 
directly afterwards (15.2%) [1]. However, in the study by 
Kachikis et al. [1] did not specify which type — early or 
late-onset sepsis — was analysed [1]. Regarding the as-
sociation between caesarean delivery and neonatal sepsis, 
reported results vary and depend on the analysed popu-
lation. In a retrospective study by Al-Lawama et al. [29] 
authors analysed sepsis risk factors among patients with 
rupture of membranes after completed 34th gestational 
week. Mode of delivery in the 176 analysed patients was not 
significant: 16 (50%) of newborns with sepsis and 65 (45%) 

controls were delivered via c-section, p = 0.62. Results of 
a prospective national population-based study by Lorthe 
et al. [30] examining the outcome of singleton pregnan-
cies with pPROM between 24th and 32nd gestational week 
showed that 13 (52%) neonates with early-onset neonatal 
sepsis were delivered by caesarean section before labour 
onset compared to 253 (36%) neonates without early-onset 
sepsis with the same delivery mode (OR 1.9, 95% CI 0.6–6.5). 
In a prospective cohort study of 15926 deliveries by Zhuang 
et al. [31] multiple logistic models were performed in order 
to examine factors predisposing to the incidence of neonatal 
infectious diseases. Caesarean section was associated with 
increased risk of early-onset pneumonia in the group of term 
deliveries with intact membranes (OR = 1.45, 95% CI 1.05– 
–2.02, p = 0.03) and term deliveries with PROM (OR = 1.83, 
95% CI 1.07–3.13, p = 0.03). However, in this study mode of 
delivery was not significant in the subgroups of preterm 
deliveries. In a study by Polcwiartek et al. [32] analysing risk 
factors for early-onset sepsis in a cohort of 142,410 term 
infants, caesarean delivery was associated with decreased 
risk (OR 0.66, 95% CI 0.57–0.76, p < 0.001).

Our multivariate analysis did not show any association 
between use of intravenous tocolysis and the risk of de-
veloping neonatal infection. Similar results are presented 
in the literature. In a study by Lorthe et al. [30] tocolysis 
was used in 18 (64%) patients from the early-onset sepsis 
group and in 482 (73%) controls (OR 0.7, 95% CI 0.2–2.1). In 
a retrospective cohort study of 46968 deliveries following 
pPROM by Chackowicz et al. [33] it was examined whether 
use of tocolysis could affect the risk of neonatal septic death. 
Tocolysis was administered to 6264 (13.3%) patients, and it 
was not significantly associated with neonatal septic death 
at 7 days (OR 0.66, 95% CI 0.39–1.13) nor at 28 days (OR 0.85, 
95% CI 0.60–1.19). However, in our study the subgroup of 
patients requiring intravenous tocolysis was at higher risk 
of developing neonatal respiratory morbidity: acute respi-
ratory failure, transient tachypnoea of the newborn and 
bronchopulmonary dysplasia. 

Our study identified earlier gestational age at PROM 
as another risk factor for neonatal morbidity. In a prospec-
tive cohort study by Winn et al. [34] with the incidence 
of pulmonary hypoplasia of 12.9% of the studied group, 
authors also pointed that gestational age at the rupture 
of membranes is the risk factors for neonatal complica-
tions. Other identified risk factors included latency dura-
tion, initial and average amniotic fluid index. According to 
Weiner et al. [35] increased incidence of severe neonatal 
respiratory morbidity following pPROM occurs in case of 
oligohydramnios, earlier gestational age at PROM, shorter 
latency, and caesarean section.

Our study showed that one of the identified indepen-
dent risk factors for acute respiratory failure in neonates 
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was positive cervical culture. Association between vaginal 
dysbiosis in pPROM patients and early onset neonatal sepsis 
is well documented in the literature [36]. Together with the 
promising results of prophylactic antibiotic treatment result-
ing in decrease in neonatal mortality, chronic lung disease 
and reduced need for supplemental oxygen [37], these are 
the arguments standing for routine cervical culture screen-
ing and adjusted treatment based on antibiogram results 
in women with preterm premature rupture of membranes.

Limitations of this study include relatively high propor-
tion of late preterm neonates and a single centre character, 
which determines the number of enrolled patients. This could 
be the reason why the gestational age at birth has not been 
identified as an independent risk factor for bronchopulmona-
ry dysplasia in the presented multivariate analysis results. In 
a case-control study by Hernandez-Ronquillo et al. [38]  
identified risk factors for development of bronchopul-
monary dysplasia were younger gestational age at birth, 
lower birth weight and neonatal infectious complications.  
In our study factors associated with bronchopulmonary 
dysplasia were lower birth weight and need for intravenous 
tocolysis.

ConCluSionS
Birth weight and gestational age at PROM and at birth 

are the leading factors influencing the risk of neonatal infec-
tious and respiratory morbidity following preterm prema-
ture rupture of membranes. Another identified risk factor 
for neonatal morbidity was positive cervical culture, there-
fore collection of cervical specimen and analysis of aerobic, 
anaerobic, fungal, and atypical pathogens cultures results 
could lead to individualized and more effective manage-
ment of patients resulting in fewer neonatal complications.
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Evaluation of blood transfusion rate in obstetric 
patients

Selim Gulucu , Kaan Eray uzun

Department of Obstetrics and Gynaecology, Tokat Gaziosmanpasa University, Tokat, Turkey

abStraCt
objectives: The aim of this study was to analyse the obstetric patients who underwent transfusion in the gynecology 
and obstetrics clinic.

Material and methods: Obstetric patients who underwent a blood transfusion in the peripartum period were included 
in the study. A total of 213 patients who needed blood transfusion were identified. Patients’ age, gravida, parity, ges-
tational week, delivery types, blood transfusion indication and time, transfusion rate, blood products used, number of 
transfusions, peripartum hysterectomy status, neonatal APGAR scores and hemoglobin (Hb), hematocrit (Hct), red blood 
cell (RBC), platelet (Plt) values which counted before and after transfusion were recorded by scanning patient files from 
the hospital registry system. 

results: The overall blood transfusion rate of the patients who gave birth in our clinic was 2.51%. Uterine atony (50.7%) 
and chronic anemia (32.9%) were found as the most frequent indications of blood transfusion in the patients included in 
the study. Antenatal mean Hb of all transfusion patients was 9.8; postpartum mean Hb was 8.2. Pre-transfusion mean Hb, 
RBC, Hct, Plt values calculated as 7, 3.9, 30.3, 245.2, respectively; post-transfusion mean Hb, RBC, Hct, Plt values were 9, 
3.52, 27.5, 215.1, respectively. 

Conclusions: Due to blood replacement, supply difficulties and transfusion complications, the profit-loss relationship 
should be individualized and clearly demonstrated before it is applied to the patient. In unpredictable obstetric situ-
ations that cause bleeding, staying up to date on current guidelines on pharmacological, hematological and surgical 
interventions and having an active blood transfusion center in the healthcare provider is very important in reducing 
maternal mortality and morbidity rates.

Key words: blood; transfusion; pregnancy; obstetrics
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introduCtion
Although many pregnancies and births are eventless, all 

pregnancies are at risk. Blood transfusions may be required 
during obstetric care. Blood products should be used for 
therapeutic purposes only if no other means are avail-
able in case of significant morbidity or mortality. Obstetric 
hemorrhage is the leading cause of maternal mortality and 
severe morbidity worldwide. Blood transfusions usually 
are performed inevitably due to obstetric complications 
like severe bleeding. There are many etiologic factors that 
cause obstetric hemorrhage. The most common cause of 
bleeding is uterine atony, abnormal placentation, geni-
tal trauma, and coagulation disorders also contribute to 
morbidity and mortality [1]. Although bleeding is mostly 
minor, transfusion is inevitable in some cases. Although 

the blood transfusion rate is between 0.16% and 6% in 
obstetrics, transfusion rates vary among countries, hospitals 
and doctors due to different practices [2]. Several stud-
ies in the literature have shown that the use of restrictive 
erythrocyte suspension (ES) transfusions has better clinical 
outcome benefits for patients, including reduced morbid-
ity and mortality, shorter hospital stay, and reduced risk 
of intensive care unit admission [3]. Recently, there was 
a tendency to decrease the use of blood transfusion in ob-
stetric practice. Researches investigating the topic showed 
that obstetric outcomes were better despite the decrease 
in blood transfusion rates [2].

Our study was conducted to determine the total of 
obstetric patients who received transfusions in the gynecol-
ogy and obstetrics clinic, transfusion rate, transfusion time, 
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transfusion indications, and the presence of risk factors in 
patients who received transfusions.

MatErial and MEthodS 
A total of 213 obstetric patients who received blood 

transfusion in the peripartum period between the date 
of January 2015 and August 2020 in University Faculty of 
Medicine Research and Practice Hospital Gynecology and 
Obstetrics Clinic were included in the study. The study was  
designed retrospectively. Ethics committee approval  
was obtained from the ethics committee of university be-
fore the study (approval no: 20-KAEK-271). Patients were 
evaluated with physical examination, routine hematologic 
parameters by scanning patient files from the hospital reg-
istry system, patients’ age, gravity, parity, gestational week, 
delivery types, hemoglobin values, blood transfusion indica-
tion and time, the transfusion rate (number of transfused 
patients/total number of patients x 100), used blood prod-
ucts and neonatal APGAR scores were recorded. Hemogram 
parameters were analyzed in a device (Mindray BC-6800, 
China) with regular control and maintenance. Gestational 
week determined by the first day of the last menstrual period 
(LMP), or the first trimester ultrasonography measurements 
were considered in patients whose last menstrual period 
was unknown.

Obstetric transfusion was defined as the receipt of this 
blood component at any point during pregnancy from birth 
to discharge. Antenatal and postpartum hemogram results 
of all patients were recorded. Then, hemoglobin (Hb), he-
matocrit (Hct), red blood cell (RBC) and platelet (Plt) values 
were evaluated before and after transfusion. Due to the 
differences between blood transfusion applications; antena-
tal, intraoperative and postpartum periods were examined 
separately, and hematological parameters were evaluated 
in order to be more objective. Blood samples were taken 
and analyzed before and after transfusion of this blood 
and its component products. Pre-transfusion samples were 
accepted as controls for statistical analysis.

Statistical analyses were performed using SPSS software 
version 19.0 (IBM Corp., Armonk, NY, USA). It was used for 
statistical evaluation of demographic, transfusion and ob-
stetric data. The data evaluation of the study was performed 
using descriptive statistical methods (mean, standard devia-
tion, minimum, maximum median, ratio, frequency). Differ-
ences between groups were examined with the Dependent 
Sample T-Test. When p values were calculated less than 0.05, 
it was considered statistically significant. 

rESultS
A total of 8467 delivery records of patients who gave 

birth in our clinic were examined. There were 2532 vagi-
nal deliveries in total, including 1055 primipara, 9 mul-

tiple pregnancies, and 5935 births, including 210 multiple 
pregnancies, were performed by cesarean section dur-
ing the study period. Two hundred thirteen patients who 
needed blood transfusion were included in the study.  
The mean age of the patients was 27.44 years. Demographic 
characteristics and hemoglobin values of the patients are 
given in Table 1. 

The mean antenatal hemoglobin value of all transfused 
patients was 9.84 gr/dL, while the mean postpartum Hb 
values were 8.22 gr/dL. The overall blood transfusion rate 
was 2.51% in obstetric patients, giving birth in our clinic. 
Blood transfusion was needed in 2.88% and 2.35% among 
vaginal and cesarean delivery, respectively. Blood trans-
fusions were performed in 73 (34.3%) patients who had 
vaginal delivery and 140 (65.7%) patients who had cesar-
ean delivery. Considering parities of patients, 83 (38.9%) 
nulliparous and 21 (9.8%) grand multipara (5 or more preg-
nancies) pregnancy were seen. The mean gestational week 
of the patients was 36.78 ± 3.72 (18–41), and the age was 
27.44 ± 5.87 (17–43) years (Tab. 1). 

Blood transfusion was performed for 24 (11.3%) pa-
tients in the prenatal period, 20 (9.4%) patients during the  
delivery (intra-operative) and 169 (79.3%) patients in  
the postpartum period (Tab. 2). In total, 11 (5.1%) patients 
were transfused blood and blood products at different and 
repetitive times. The erythrocyte suspension (ES), which is 
one of the most blood products used in patients who under-
went transfusion, was administered 2.09 ± 1.252 (0–6) units 
and fresh frozen plasma (FFP) 0.52 ± 1.57 (0–18) units. No 
one patient who developed serious complications during 
and after transfusion was found.

Uterine atony (n = 108, 50.7%) and chronic anemia 
(n = 70, 32.9%) were found as the main indications of blood 
transfusions in the patients included in the study. A total 
of 29 (13.6 %) patients needed blood transfusion due to 
placental anomalies [placenta previa (n = 16), ablatio pla-
centa (n = 8), placental invasion anomaly (n = 3), retained 
placenta (n = 2)]. Patients transfused due to three (1.4%) 
episiotomy complications and one (0.5%) cervical lacera-
tion (Genital Tract Injury n = 4, 1.8%). In 2 (1%) patient, 

table 1. Distribution of demographic values and hemoglobin 
levels (n = 213)

Mean ± St. Min–Max

Age [year] 27.44 ± 5.87 17–43

Gravida 2.41 ± 1.55 1–9

Parite 1.13 ± 1.26 0–6

Gestational age [week] 36.78 ± 3.72 18–41

Antenatal hemoglobin [g/dL] 9.98 ± 1.78 6.5–14.2

Postpartum hemoglobin [g/dL] 8.22 ± 1.22 5.5–11.8
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intraabdominal adhesion was reported as a transfusion 
indication. Causes of anemia leading to blood transfu- 
sion are listed in Table 2. 

In order to achieve postpartum bleeding control, 
postpartum hysterectomy was performed in nine (4.2%) 
patients, while a Bakri Balloon was used in 12 (5.6%) pa-
tients. Nine of these patients had a hysterectomy because of 
placental anomaly (7 placenta previa, 2 placenta percreta). 
(Tab. 2). About APGAR scores were in 7.42 ± 1.97 (0–9) and 
8.38 ± 2.02 (0–10) in a first and fifth minute, respectively, 
while 8 babies were accepted as stillbirths. When the blood 
transfusion practices of our clinic in obstetric patients are 
evaluated; Prenatal transfusion was observed in patients 
with antenatal hemoglobin level < 7. In intraoperative peri-
od, it was observed that transfusion was performed in acute 
bleedings that caused anemia and disrupted the hemody-
namics of the patient, such as uterine atony, intra-abdominal 
adhesions, placental and genital system injuries. 

It was observed that transfusion was given to patients 
with tachycardia, hypotension, hemodynamically unstable, 
hemoglobin value < 7g/dL, pre- and postnatal hemoglobin 
more than four units, and hemodynamically unstable pa-
tients in the postpartum period.

Statistically significant changes were observed in 
pre-transfusion and post-transfusion hematological pa-
rameters of all patients who received blood transfusion. 
While Hb values increased in the post-transfusion periods, 
Plt values decreased. In the analysis performed considering 
the blood transfusion administration times, the mean Hb, 
RBC, Hct and Plt values of the antenatal period before and 
after transfusion are shown in the Table 3.

diSCuSSion
Depending on surgical interventions, minor or major 

complications such as wound infection, pulmonary em-
bolism, atelectasis, scar, adhesion, wound dehiscence or 
bleeding may occur. Bleeding may also occur during ob-
stetric procedures. Although the blood transfusion rate in 
obstetrics is between 0.16% and 6%, this rate varies due to 
different applications [2]. During the study, the overall blood 
transfusion rate in patients admitted to our clinic for delivery 
was found to be 2.51%. In a study conducted in Canada, 
there were 460.370 deliveries in 44 hospitals; 3823 of the 
women received an obstetrical blood transfusion during 
pregnancy (8.3 per 1000). In this study, obstetric-related 
blood transfusion rate between hospitals varied 0.37–2.36%, 
but the average was reported as 0.83 [4]. In another study, 
the blood transfusion rate for obstetric reasons was found 
to be 4.6% [5]. Our transfer rate was compatible with the 
literature.

Although the number of transfusion patients who gave 
birth by cesarean was higher, the blood transfusion rate was 
found to be higher in patients who had a vaginal delivery. 
In the literature, studies have been shown that the blood 
transfusion rate is higher in patients who gave birth by ce-
sarean section compared to those who delivered vaginally 
[6, 7]. Especially emergency cesarean sections have a higher 
risk of blood transfusion than elective cesarean sections.  
The low number of vaginal deliveries and the high rate of 
vaginal delivery blood transfusion rates were attributed to 
the high number of risky patients referred from other hos-
pitals because our university hospital was a tertiary center. 
In a study conducted in Ireland, blood transfusion rate was 

table 2. Distribution of qualitative values (n = 213)

n %

Type of delivery
Vaginal delivery 73 34.3

Cesarean delivery 140 65.7

Pregnancy 
Singleton 202 94.8

Multiple 11 5.2

Transfusion timing

Antenatal 24 11.3

Intra-operative 20 9.4

Postpartum 169 79.3

Presence of hysterectomy 9 4.2

Bakri balloon placement 12 5.6

Causes of anemia

Chronic anemia 70 32.9

Atony 108 50.7

Placenta 
(previa + abruption + accreta + retained ) 29 13.6

Genital tract injury 
(episiotomy bleeding + cervical laceration) 4 1.8

Adhesion-related bleeding 2 1
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table 3. Hematological parameters

n ort ± SS Min–Max p-value

Antenatal

Antenatal Hb [g/dL] 24 8.16 ± 2.05 3.3–14.2
0.384

Postpartum Hb [g/dL] 24 8.51 ± 1.33 6.6–11.4

PreTx Hb [g/dL] 24 7.35 ± 1.51 3.3–10.8
< 0.001*

PostTx Hb [g/dL] 24 9.25 ± 1.02 7.6–11.6

PreTx RBC [millions/µL] 24 3.74 ± 0.77 0.83–4.81
0.065

PostTx RBC [millions/µL] 24 3.99 ± 0.68 2.48–5.64

PreTx Hct (%) 24 26.43 ± 5.29 9.5–37.6
0.014*

PostTx Hct (%) 24 29.12 ± 3.87 21.75–38.8

PreTx Plt [lakhs/mm3] 24 280.58 ± 103.72 89–521.0
0.003*

PostTx Plt [lakhs/mm3] 24 236.89 ± 102.43 58.44–461.0

Intraoperative

Antenatal Hb [g/dL] 20 9.83 ± 1.37 8.3–13.1
0.003*

Postpartum Hb [g/dL] 20 8.5 ± 1.32 6.3–11.8

PreTx Hb [g/dL] 20 7.79 ± 1.15 6.3–10.5
< 0.001*

PostTx Hb [g/dL] 20 9.02 ± 0.96 7.4–11.8

PreTx RBC [millions/µL] 20 3.74 ± 0.54 2.67–4.4
0.008*

PostTx RBC [millions/µL] 20 3.33 ± 0.63 2.43–4.51

PreTx Hct (%) 20 30.13 ± 3.48 24.8–37.5
0.013*

PostTx Hct (%) 20 26.74 ± 3.47 20.6–35.2

PreTx Plt [lakhs/mm3] 20 244.22 ± 85.87 115.0–416.0
< 0.001*

PostTx Plt [lakhs/mm3] 20 189.43 ± 66.87 40–329

Postpartum

Antenatal Hb [g/dL] 169 10.09 ± 1.88 6.4–14.2
< 0.001*

Postpartum Hb [g/dL] 169 8.5 ± 1.32 6.3–11.8

PreTx Hb [g/dL] 169 7.34 ± 0.81 5.3–9.2
< 0.001*

PostTx Hb [g/dL] 169 9.12 ± 0.92 7.0–11.5

PreTx RBC [millions/µL] 169 3.95 ± 0.58 2.28–6.4
< 0.001*

PostTx RBC [millions/µL] 169 3.47 ± 0.51 2.34–5.07

PreTx Hct (%) 169 30.89 ± 4.88 20.0–42.9
< 0.001*

PostTx Hct (%) 169 27.47 ± 3.41 7.3–36.0

PreTx Plt [lakhs/mm3] 169 240.39 ± 80.85 50.0–495.0
< 0.001*

PostTx Plt [lakhs/mm3] 169 215.07 ± 81.68 34.0–710.0

Total

Antenatal Hb [g/dL] 213 9.85 ± 1.95 3.30–14.5
< 0.001*

Postpartum Hb [g/dL] 213 8.22 ± 1.23 5.50–11.8

PreTx Hb [g/dL] 213 7.38 ± 0.96 3.30–10.8
< 0.001*

PostTx Hb [g/dL] 213 9.13 ± 0.93 7.00–11.8

PreTx RBC [millions/µL] 213 3.91 ± 0.61 0.83–6.4
< 0.001*

PostTx RBC [millions/µL] 213 3.52 ± 0.57 2.34–5.64

PreTx Hct (%) 213 30.32 ± 5.00 9.50–42.9
< 0.001*

PostTx Hct (%) 213 27.59 ± 3.50 7.30–38.8

PreTx Plt [lakhs/mm3] 213 245.28 ± 84.67 50.00–521.0
< 0.001*

PostTx Plt [lakhs/mm3] 213 215.13 ± 83.32 34.00–710.0

p-value — Dependent Sample T-Test; * Significant < 0.05; Hb —hemoglobin;  Hct — hemotokrit; Plt — platelet; PostTx — after transfusion; PreTx — before transfusion;  
RBC — red blood cell
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found 1.5% in 10-year screening in obstetric patients in 1991, 
and it was reported that this rate decreased to one percent 
in 2001 [8]. In a previous study conducted in our clinic, the 
blood transfusion rate in 2013 was found to be 4% [9].

The low blood transfusion rate in our study, according to 
the literature may attribute to the regular preconceptional 
follow-up and pregnancy follow-up of the patients, the 
appropriate treatment of iron deficiency to reduce severe 
anemia, the close follow-up of the patients during and after 
delivery, and our experience in the use of pharmacological 
and surgical methods. When these two studies conducted 
in our clinic were evaluated together, it was determined that 
the rate of blood transfusion could be reduced with clinical 
experience. Transfusion is a life-saving practice. However, 
an adverse reaction is observed in approximately 1% of all 
transfusions despite the precautions taken. Massive transfu-
sion problems such as hemolytic reactions, infections, acute 
transfusion-related acute lung injury (TRALI), hypomagnese-
mia, hyperkalemia, hypocalcemia, hypothermia, metabolic 
acidosis, and coagulation abnormalities should be avoided 
with the use of random blood products [10, 11]. When the 
files of the patients included in the study were examined, 
no patient who developed serious complications during 
and after transfusion was found.

In a study conducted in Canada, it was found that there is 
a threefold difference in obstetric blood transfusion rates of 
hospitals in the same state, and this difference between hos-
pitals shows that there is a potential for misuse of blood prod-
ucts in some centers [4]. It has been stated in the literature 
that transfusion application should be used in cases where 
the benefits of transfusion outweigh the risks and there are 
no suitable alternatives and that laboratory tests should 
not be the only determining factor for transfusion [12].  
Similar risk factors associated with pregnancy and delivery 
that will require blood transfusion have been identified in 
the literature, including anemia, excessive uterine disten-
tion (polyhydramnios, multiple pregnancy), preterm labor, 
preeclampsia/eclampsia, placental pathologies (placental 
detachment, insertion anomaly, previa, rest placenta), in-
cludes trauma, induction of labor, operative delivery and 
emergency caesarean [7, 13]. 

Considering the blood transfusion timing in our study, 
generally it was performed in the postpartum period.  
The most common transfusion indication was uterine atony 
in this period. In another study, uterine atony is most common 
cause of postpartum hemorrhage and is responsible for 70– 
–80% [14]. Other main reason for transfusion in our study was 
chronic anemia. Anemia during pregnancy is defined as the 
hemoglobin value below 11 g/dL in each trimester, accord-
ing to the World Health Organization (WHO) [15]. Anemia  
is an important risk factor in postpartum bleeding [3]. This 
suggest that it is associated with unfollowed pregnancies 

that do not attend pregnancy follow-ups and do not use iron 
supplements. Current Swiss guidelines recommend that he-
moglobin levels should be screened regularly at least once 
every trimester, and iron levels should be screened in the 
first trimester [3]. Various algorithms have been emphasized 
in postpartum hemorrhage, especially in massive bleeding, 
although the benefits of fibrinogen and tranexamic acid are 
shown, more studies are needed [16]. Patients should be fol-
lowed carefully and closely in the postnatal period. Placental 
placement and invasion anomaly are important risk factors 
for obstetric bleeding. The location of the placenta and the 
invasion of the uterus should be checked as much as pos-
sible with prenatal ultrasonography. The European Perinatal 
Health Report states that between 0.2 and 1 peripartum 
hysterectomy are performed per 1000 births [17]. In the 
literature, uterine atonia and placental invasion anomaly 
were reported as the main reasons in more than 85% of 
patients who underwent peripartum hysterectomy [18]. 

In our study, the most used blood products in transfused 
patients were determined as erythrocyte suspension and 
then fresh frozen plasma. In the ACOG bulletin, it is recom-
mended that blood products such as erythrocyte suspen-
sion, FFP and platelet suspension should be given to the 
patient in certain proportions in patients in whom massive 
blood transfusion is planned, and that this ratio should be 
regulated to be 1: 1: 1 [19]. In our study, the low FFP rates 
were attributed to different applications of different sur-
geons and the non-routine application of FFP after ES trans-
fusions performed outside the postpartum period (prenatal 
and intraoperative period). A decrease in Plt was observed 
after transfusion in all periods. This decrease made us think 
that there was not enough FFP transfusion in addition to ES 
transfusion in our clinic. In our study, it was observed that 
the changes in hematological parameters after transfusion 
were consistent with previous studies [20, 21].

The strength of our study is that our clinic has evalu-
ated the rate of obstetric blood transfusion over a period 
of approximately five years. However, the limitations of our 
study were that the study was conducted retrospectively, 
the duration of the operation could not be determined for 
this reason, there was no body mass index information, and 
it was not separately evaluated which blood product made 
how much change in hematological parameters. In addition, 
abortions were not included in the study and the number of 
deliveries was low compared to the number of cesarean sec-
tions because of our hospital is a tertiary health institution.

ConCluSionS
Due to supply difficulties and transfusion complications, 

the profit-loss relationship should be individualized and 
clearly demonstrated before blood transfusion is applied to 
the patient. In the presence of important risk factors such 
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as abnormal placentation, high number of previous cesar-
ean sections, coagulation disorders, planning the delivery in 
tertiary centers is important for patient health. It should not 
be neglected to give iron supplements to women who have 
iron deficiency before and during pregnancy and women 
should be encouraged to use supplements. Early diagnosis 
and treatment of anemia will reduce the need for blood 
transfusion. In unpredictable and sudden obstetric indica-
tions that causing bleeding, staying up to date on phar-
macological, hematological and surgical interventions in 
treatment protocols, and the presence of active blood bank 
in health provider are very important in reducing maternal 
mortality and morbidity. Evaluating blood transfusion rates 
and indications at certain time intervals in obstetrics clinics 
will be beneficial in reducing the blood transfusion rate.
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abStraCt
objectives: The aim of this study was to assess the performance of the International Ovarian Tumor Analysis (IOTA) group 
ultrasound Simple Rules method in differentiating between benign and malignant ovarian tumors in pregnant patients.

Material and methods: A prospective observational study that involved pregnant patients referred to our center due to 
suspicions of ovarian masses between January 2015 and December 2017 was performed. The Simple Rules performance 
was evaluated against the histopathological results. Each of the 10 sonographic Simple Rules were computed by logistic 
regression to demonstrate their odds ratios in predicting malignancy. 

results: Ultrasound were conducted in 153 subjects, and 61 of those patients underwent surgery. By assigning masses 
presenting inconclusive picture as probably malignant, the Simple Rules method showed sensitivity of 91.67% and 
specificity of 69.39%. After exclusion of masses with inconclusive findings, the method showed sensitivity of 87.5%  
and specificity of 94.44%. The Simple Rules risk estimation method for the 1% risk cutoff showed sensitivity of 100% and  
specificity of 51.02%. For the 3% cutoff, sensitivity was 91.67% and specificity was 53.06%. And for 30 % cutoff, sensi-
tivity was 91.67% and specificity 73.47 %. The logistic regression model showed that the M-rules increased the risk of 
malignancy while the B-rules decreased the risk.

Conclusions: Most ovarian masses in pregnant patients may be correctly categorized as benign or malignant using 
Simple Rules. This protocol may facilitate the management of pregnant patients presenting with adnexal masses.

Key words: pregnancy; adnexal diseases; ovarian neoplasms; ultrasonography
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introduCtion
The prevalence of adnexal masses during pregnancy is 

estimated to be 0.2–2% [1]. The majority of these masses are 
benign and include functional corpus luteum cysts, dermoid 
cysts, cystadenomas and endometriomas as the most com-
mon findings [2, 3]. Heterotopic pregnancy, tubo-ovarian ab-
scesses, ovarian hyperstimulation and adnexal torsion should 
also be taken into consideration. Adnexal masses are identi-
fied during pregnancy with increasing frequency at the time 
of viability scans [4]. Most patients are asymptomatic, and 
the ovarian tumors are discovered incidentally [5]. 

Up to 70% of all ovarian cysts diagnosed in the first 
trimester resolve spontaneously later in gestation [6]. It is 

estimated that approximately 0.8–13% of all ovarian masses 
detected in pregnant women are malignant (ovarian cancer 
or metastatic tumors) [7, 8]. One potential reason for this 
incidence is increasing maternal age [9]. Primary malignant 
tumors seem to have no impact on neonatal outcomes, 
metastases to ovaries however may lead to complications 
of the newborn period [10].

Due to the limited application of biomarkers for ovar-
ian malignancy screening, according to the International 
Ovarian Tumor Analysis (IOTA) group, sonography remains 
the first-line imaging modality used for this purpose, includ-
ing during pregnancy [11, 12]. Several screening protocols 
have been described in the literature [13–16]. However, no 
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policy regarding ovarian cancer screening during pregnancy 
has been proposed so far [5].

Indications for surgery to remove an adnexal mass dur-
ing pregnancy are suspicion of malignancy, fast growth 
and large size of the tumor, or emergencies related to the 
adnexal mass, e.g., rupture or torsion [17]. If surgery is indi-
cated, the optimal time of it to be performed is during the 
second trimester [18, 19]. 

objectives
Taking the above information into account, we planned 

an observational study in which we decided to determine 
if the sonographic criteria for malignancy described in the 
literature for nonpregnant subjects are also applicable for 
pregnant women.

MatErial and MEthodS
We performed a prospective observational study that 

involved pregnant subjects referred to our oncology center 
because of ovarian masses. Data were collected between 
January 2015 and December 2017. The exclusion criteria 
were refusal to participate and nonpregnant at the time 
of qualification for the study. All subjects underwent com-
bined pelvic transvaginal and transabdominal sonograms 
performed using Voluson E6 ultrasound systems equipped 
with 5–9 MHz transvaginal and 2–5 MHz transabdominal 
hybrid transducers (GE Healthcare, Zipf, Austria). If an ovar-
ian mass was confirmed, then it was evaluated by gray-
scale and Power Doppler mapping (with PRF at the level of  
0.6 kHz). To minimalize an inter observer errors number  
of observers was limited to two certified by IOTA examiners. 

All masses were reported using the IOTA group terminol-
ogy [20]. Based on the identified findings, the Simple Rules 
protocol was applied [15]. As Timmerman et al., proposed, so-
nographic features of a tumor can be divided in two groups: 
predicting malignant (M-rules) and benign (B-rules) tumors 
(Tab. 1). If one or more M-rules and no B-rules apply, a mass 
is classified as malignant. Conversely, when one or more 
B-rules and no M-rules is present, mass is classified as benign.  
The result is called inconclusive when there are no B and M 
findings or pictures from both categories are identified [15]. 

On the basis of M- and B-rules it is also possible to estimate 
the risk of malignancy (given in percentages), which allows to 
classify all adnexal masses (without inconclusive results) [21].   

Clinical records of all subjects were reviewed and com-
pared based on the following parameters: age, gravidity, 
gestational age at the time of diagnosis, and Ca-125 serum 
levels. Serum Ca-125 was measured with electrochemilu-
minescence immunoassay (ECLIA) method using Cobas 
8000 analyzer (Roche Diagnostics, Mannheim, Germany).

All scan reports were reviewed by the oncology team, and  
subjects were counseled regarding the scan findings  
and underwent routine evaluation according to the local 
policy. The examiners were not involved in decision making 
process regarding patients’ therapies. Second ultrasound 
scans were performed at this level. Every patient underwent 
follow-up ultrasound scans every 2–4 weeks till surgery. 
All cases qualified by the oncology team for surgical treat-
ment were reviewed in terms of histopathology evaluation, 
including cases operated on after conclusion of the preg-
nancy. Subjects diagnosed with malignancy were included  
in Group M, and those with benign masses were inclu- 
ded in Group B. For the purpose of the study, lesions indi-
cating borderline characteristics on histopathology were 
classified as malignant (Group M). The follow-up ultrasound 
scan was scheduled between 6 and 20 weeks postpartum. 
The local ethics committee approval was acquired, and 
a written informed consent was obtained from all patients. 

Statistical analysis
Normality of the continuous variable distribution was 

validated with the Kolmogorov-Smirnov test. The χ2 test 
was used to show differences. None of the continuous vari-
ables presented a Gaussian distribution. Nonparametric 
tests were conducted. Two groups of independent variables 
were compared in this case using the Mann-Whitney U-test. 

All 10 of the sonographic features (M-rules and B-rules) 
were computed by logistic regression with one categorical 
independent variable to demonstrate their odds ratios in 
predicting malignancy.

The Simple Rules performance was evaluated against 
the histopathological results, which was the reference stand-

table 1. The simple rules

M-rules for predicting a malignant tumor b-rules for predicting a benign tumor

M1 Irregular solid tumor B1 Unilocular cyst

M2 Presence of ascites B2 Presence of solid components, where the largest solid 
component has a diameter < 7 mm

M3 At least 4 papillary structures B3 Presence of acoustic shadows

M4 Irregular multilocular-solid tumor with largest 
diameter ≥ 100 mm B4 Smooth multilocular tumor with largest diameter < 100 mm

M5 Strong blood flow (color score 4) B5 No blood flow
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ard in this case. Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), positive like-
lihood ratio (LR+), negative likelihood ratio (LR-) and diag-
nostic accuracy were calculated for the Simple Rules for all 
patients who underwent surgery. 

Five calculation strategies were applied. First method, 
by assigning masses presenting inconclusive picture (no B 
and M features or features from both categories) as prob-
ably malignant (Calculation 1), second, by excluding masses 
with inconclusive findings (Calculation 2), third, fourth and 
fifth, by calculating risk of malignancy with Simple Rules 
risk calculator at 1% (Calculation 3), 3% (Calculation 4) 
and 30% (Calculation 5) cutoffs [21]. Statistical analysis 
was carried out using the Statistica 13 system (StatSoft, 
Cracow, Poland). The values of p < 0.05 were considered 
as statistically significant. 

rESultS 
Study population

A total of 153 subjects diagnosed with an ovarian mass 
associated with pregnancy were referred to our oncol-
ogy center. In 19 patients, ovarian masses were excluded 
by sonography at the time of qualification. The remain-
ing 134 subjects were counseled by the oncology team.  
The diagnosis of ovarian mass was confirmed by sonography 
in all of 134 patients. Additionally, 73 subjects were not qual-
ified for surgery, and thus, the remaining 61 patients consti-
tuted the study population and underwent surgery due to 
ovarian masses with histopathology evaluation. The details 
are shown in Figure 1. The surgery was performed during 
pregnancy in 35 subjects (4 patients with malignant, 5 with 
borderline and 26 with benign tumors) and the mean time be-
tween the suspicion on sonography and the first surgery was  

figure 1. Study population breakdown diagram
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ultrasound scan
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surgery n = 61
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estimation
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2.5 weeks (range 0–8 weeks). In 14 subjects, surgery was 
performed at the time of cesarean section (one case of 
mucinous carcinoma, one case of seromucionous borderline 
tumor and 12 benign cases), and the mean time from the 
suspicious sonogram findings to the surgery was 22 weeks 
(range 8–31 weeks). In 11 subjects, surgery was performed 
after the course of pregnancy (only benign tumors) and the 
mean time from the first scan to the surgery was 23.5 weeks 
(range 11–36 weeks). Patient with Burkitt lymphoma was 
diagnosed with ovarian mass at 19 weeks of gestation, and 
her first surgery was performed at 26 weeks and consecutive 
removal of recurrences during cesarean section performed 
at 31 weeks. 

Indications for surgeries are shown in Table 2. In our 
study population there were six cases of emergency surgical 
interventions due to torsion or rupture of the mass. In all 
these six subjects Simple Rules suggested benign character 
of the tumor, and it was confirmed in histopathology. 

The median maternal age was 30 years (range: 16–44, 
SD 5.1 years). The median maternal age for patients in Group 
M was 28.5 years (range: 19–41, SD 6.09 years) and 28 years 
(range: 18–44, SD 5.48 years) in Group B (no statistical signifi-
cance p = 0.68). Gestational age at diagnosis and Ca-125 data 
are shown in Table 3. There were no statistical differences 

between the two groups regarding maternal age, gesta-
tional age at the time of sonography or Ca-125 levels (Tab. 3). 

In Group B there were 34 patients (69.4%) in their first 
pregnancy, 12 (24.5%) in their second, 2 (4.1%) in their third, 
and 1 (2%) in her fifth. In Group M there were 7 patients 
(58.3%) in their first, 3 (25%) in their second and 2 (16.7%) 
in their third pregnancy.

histopathology
The malignancy rate was 7.84% (12/153). Among the 

studied subjects, a benign teratoma was the most common 
finding. Detailed histopathology results are presented in 
Table 4. 

ultrasound findings
Among the benign lesions there were 21 masses (42.9%) 

described as unilocular, 11 (22.4%) as multilocular, 8 (16.3%) 
as unilocular-solid, 6 (12.2%) as multilocular-solid and 
3 (6.1%) as solid. In Group M, 2 masses (16.7%) were uni-
locular, 3 (25%) unilocular-solid, 3 (25%) multilocular-solid 
and 4 (33.3%) solid. There were no multilocular lesions in 
Group M. The dominant sonographic features in Group B 
were anechoic in 12 masses (24.5%), low level of echogenic-
ity in 5 (10.2%), ground glass in 6 (12.2%), hemorrhagic in 

table 3. Basic statistics of major study population parameters: maternal age, gestational age, and Ca-125

benign Malignant

Mean Median Sd Mean Median Sd Statistical significance

Maternal age 28.94 28.00 5.48 29.83 28.50 6.09 0.68

Gestational age 16.37 15.00 7.66 16.04 17.79 4.69 0.82

Ca-125 level [U/mL] 41.37 27.56 38.11 93.49 33.40 159.12 0.90

table 2. The number of surgeries performed on the basis of particular indications

Group b
tumor removed:

Group M
tumor removed:

during 
pregnancy

n = 26

during 
cesarean 

section n = 12

after 
pregnancy  

n = 11

during 
pregnancy

n = 10

during 
cesarean 

section n = 2

after 
pregnancy

n = 0

Suspicious of malignancy (M features 
or fast growth of the tumor) 8 2 1 10 1 0

Torsion or rupture 4 1 1 0 0 0

Chronic abdominal pain 6 0 2 0 0 0

Other symptoms of lesions 8 0 0 0 0 0

Tumor as an obstacle for vaginal 
delivery 0 3 0 0 1 0

Obstetric indications for cesarean 
section 0 6 0 0 0 0

Tumor persistence after course of 
pregnancy 0 0 7 0 0 0

If patient has more than one surgery, only first one is included in the table
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4 (8.2%) and as mixed in 22 (44.9%). In Group M there was 
1 mass (8.3%) described as anechoic, 1 as low level (8.3%), 
1 as ground glass (8.3%), 2 as hemorrhagic (16.7%) and 
7 as mixed (58.3%). Color score 1 was given for 37 (75.5%) 
benign tumors, color score 2 for 7 (14.3%), 3 for 5 (10.2%) 
and 4 for none of them. One (8.3%) malignant tumor had 
color a score of 1, four (33.3%) had a color score  of 2, six 
(50%) a color score 3 and only one (8.3%) a color score of 4.  
Differences in type, dominant sonographic features and 
blood flow between benign and malignant masses were 
not tested for statistical significance because of the small 
number of tumors in each particular group. 

All 10 of the sonographic features (M-rules and B-rules) 
were computed by logistic regression with one categorical 
independent variable. Odds ratios of predicting malignancy 
are presented in Table 5. 

The results were statistically significant for rules M1 — ir-
regular solid tumor (OR 7.83), M2 — ascites (OR 16), M3 — at 
least four papillary structures (OR 34.29), M4 — irregular 
multilocular-solid tumor with largest diameter ≥ 100 mm 
(OR 5.11), B1 — unilocular cyst (OR 0.1), B5 — no blood flow 
(OR 0.04). M5 — very strong blood flow was present only in 
two cases, but all of them were malignant (2/2); B2 — pres-

ence of solid components, where the largest has a diam-
eter < 7 mm, was present in three tumors, all of them benign 
(3/3); B3 —  presence of acoustic shadows was present in 
five tumors, all of them benign (5/5); and B4 — smooth 
multilocular tumor with a largest diameter < 100 mm was 
present in three tumors, all of them benign (3/3). 

Key findings
Screening performance of all proposed by us Calculation 

models is shown in Table 6.

follow-up
A total of 86 (63%) patients attended a postpartum follow- 

-up scan. In the group of patients who did not undergo 
surgery, ultrasounds showed normal ovaries in 37 subjects 
and ovarian cyst in 11 subjects. All of 11 ovarian masses 
indicated benign character (10 endometriomas and one sim-
ple cyst). Among patients who underwent surgery normal 
ovaries were found in 37 subjects (2 of those patients were 
in consecutive pregnancy). In one subject an ovarian cyst 
was found. It was a dermoid cyst in a patient who underwent 
cystectomy due to dermoid cyst in contralateral ovary.  

diSCuSSion
Simple Rules performance has been already evaluated 

in multicenter studies conducted by the IOTA group on 
a population of nonpregnant women [22]. To the best of 
our knowledge, our study is one of the first performed on 
a population of pregnant women [10]. The results of this 
study confirmed that Simple Rules reliably discriminated 
between benign and malignant adnexal masses detected 
in pregnant subjects. 

One of the strengths of the study is the use of the same 
standardized lesion qualification as previously used in  

table 4. Distribution of the histopathology findings in the study 
population

Prevalence of specific pathologies

tumor type n (%)

All benign 52

Benign teratoma 19 (29.69)

Endometrioma 7 (10.94)

Simple cyst 7 (10.94)

Functional cyst 3 (4.8)

Parasalpingeal cyst 2 (3.13)

Mucinous cystadenoma 8 (12.5)

Fibroma 2 (3.13)

Fibrothecoma 2 (3.13)

Cystadenofibroma 2 (3.13)

All malignant 12

Serous borderline tumor 3 (4.69)

Mucinous borderline tumor 1 (1.56)

Seromucinous borderline tumor 2 (3.13)

Yolk sac tumor 2 (3.13)

Serous carcinoma 1 (1.56)

Mucinous carcinoma 1 (1.56)

Burkitt lymphoma 1 (1.56)

Secondary metastatic cancer 1 (1.56)

There were three tumors of mixed histology: yolk sac tumor together with mucinous 
cystadenoma, yolk sac tumor together with benign teratoma, and endometrioma 
together with a simple cyst. These tumors are shown as separate diagnoses

table 5. Odds ratios (ORs) for the M and B features based on the 
logistic regression model

p or
95% Ci for or

lower limit upper limit

M1* 0.036 7.833 1.141 53.757

M2* 0.022 16 1.49 171.59

M3* 0.002 34.286 3.476 338.16

M4* 0.068 5.111 0.886 29.486

M5* 0.999 7915826838 0

B1* 0.03 0.095 0.011 0.791

B2* 0.999 0 0

B3* 0.999 0 0

B4* 0.999 0 0

B5* 0.003 0.04 0.005 0.339

* — definition in the Table 1
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table 6. Screening performance

Calculation model 1
(inconclusive 

results as probably 
malignant)

Calculation model 2
(exclusion of 

inconclusive results)

Calculation model 3
1% risk cutoff

Calculation model 4
3% risk cutoff

Calculation model 5
30% risk cutoff

Sensitivity 91.67%
CI 61.52–99.79

87.5% 
CI 47.35–99.68

100% 
CI 73.54–100

91.67%
CI 61.52–99.79

91.67% 
CI 61.52–99.79

Specificity 69.39%
CI 54.58–81.75

94.44% 
CI 81.34–99.32

51.02% 
CI 36.34–65.58

53.06%
CI 38.27–67.47

73.47% 
CI 58.92–85.05

Diagnostic 
accuracy

73.77% 
CI 60.93–84.20

93.18% 
CI 81.77–97.65

60.66% 
CI 47.31–72.93

60.66% 
CI 47.31–72.93

77.05% 
CI 47.31–72.93

PPV 42.31%
CI 31.76– 53.61

77.78% 
CI 47.02–93.24

33.33% 
CI 27.31–39.95

32.35% 
CI 25.34–40.26

45.83%
CI 34.00–58.16

NPV 97.14%
83.76–99.56

97.14%
CI 84.44–99.53 100% 96.30%

CI 79.63–99.43
97.3%

CI 84.55–99.58

LR+ 2.99
CI 1.90–4.72

15.75
CI 3.99–62.11

2.04 
CI 1.53–2.72

1.95 
CI 1.39–2.75

3.46 
CI 2.10–5.67

LR– 0.12
CI 0.02–0.79

0.13
CI 0.02–0.83 0 0.16 

CI 0.02–1.04
0.11

CI 0.02–0.75

nonpregnant subjects. The results may therefore be com-
pared. The Simple Rules performance in nonpregnant 
showed a sensitivity of 95% and specificity of 78% if incon-
clusive results were classified as probably malignant and 
sensitivity of 92% and a specificity of 96% after exclusion 
masses with inconclusive result [22]. Simple Rules risk esti-
mation with 1% risk cutoff showed sensitivity of 99.7% and 
a specificity of 33.7%, and with 30% cutoff, sensitivity of 
89.0% and specificity of 84.7% [21].

These results are in line with our findings in pregnant 
women. Another similarity is that the same as in nonpreg-
nant population, the presence of M-features increases the 
risk of malignancy, whereas the presence of B-features de-
creases this risk [15]. 

However, several observations were dissimilar. In preg-
nant subjects, the M3 feature (at least 4 papillary structures) 
was the most predictive for malignancy, contrary to the IOTA 
group studies on nonpregnant subjects where, the most 
predictive feature was M2 (ascites). Nevertheless, both stud-
ies suggested that M4 (irregular multilocular-solid tumor 
with a largest diameter larger than 100 mm) is the least 
predictive one. Moreover, the B5 feature (no vascular signals 
within the lesion) was the most predictive for the benign 
character, while B1 (unilocular cyst) was the least predictive. 
In the IOTA group studies the B1 feature was the most pre-
dictive of a benign character and B3 (presence of acoustic 
shadows) was the least predictive [21]. These differences 
in tumor characteristics may be probably explained by the 
younger age of our pregnant subjects. The median mater-
nal age for patients in our Group M was 28.5 years (range: 
19–41 years) and 28 years (range: 18–44 years) in Group B. 
In the IOTA studies the group of patients consisted of both 
pre- and postmenopausal women and their mean age was 

57 years (range: 47–66 years) for patients with a malignant 
tumor and 42 years (range: 32–54 years) for patients with 
a benign condition [21]. We would also argue that the preg-
nancy itself likely influence sonographic appearance of the 
tumor by inducing hormonal dependent changes in tissues 
and accelerating the blood flow in pelvic vessels. Moreover, 
the visualization of ovaries may by difficult due to volume 
of pregnant uterus. These hypotheses however require de-
tailed verification.  

Among the strengths of our study are also its prospec-
tive protocol and the inclusion of IOTA certified examin-
ers. Moreover, only patients who underwent surgery with 
detailed histopathology assessment were included.  

Simple Rules in their original version is applicable in 72% 
of adnexal masses in pregnant subjects. This result is in line 
with the figure of 76% observed in nonpregnant women by 
other researchers [15]. For inconclusive results proposed 
approach is to qualify the lesion as potentially malignant or 
to use Simple Rules risk calculation [21]. However, definition 
of applicable cutoffs for pregnant subjects is necessary to 
enhance screening potential of risk of malignancy calcula-
tion models. So far, there is a general agreement that for 
masses that cannot be simply classified, scan performed by 
an expert sonologist should be offered [21, 22]. 

Limitations of the study are the fact that the data comes 
from a single center and the final database consisted of 
61 subjects only. The above-mentioned facts indicate main 
future research direction. Larger series are necessary to 
confirm our findings in pregnant subjects.    

ConCluSionS
This study suggests that majority of ovarian masses 

in pregnant patient are correctly categorized as benign 
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or malignant using Simple Rules. If there is no tool dedi-
cated to ovarian cancer screening in pregnant patients, 
Simple Rules may fill this gap. There is no question that 
for both pregnant and nonpregnant subjects, sonography 
performed by an expert is the method with the highest 
sensitivity for discriminating between malignant and be-
nign adnexal lesions [21, 22]. However, the Simple Rules 
method may help less experienced examiners to achieve 
reliable qualification of adnexal masses in pregnant women.  
The common usage of Simple Rules would probably reduce 
the number of patients that need to be referred for expert 
ultrasound scanning. The development of the optimal tool 
dedicated to ovarian mass assessment in pregnant patients 
will require further prospective multi-center studies and the 
involvement of larger cohorts of patients.
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abStraCt
objectives: To clarify the effects of laparoscopic cystectomy of endometriomas on intrauterine insemination with con-
trolled ovarian hyperstimulation (COH + IUI) success in women with the disease.

Material and methods: We performed a retrospective study with endometrioma patients having at least one patent 
fallopian tube. The study group consisted of 57 infertile patients with a history of laparoscopic cystectomy who under-
went 83 COH + IUI cycles.  The control group consisted of 88 patients with endometrioma who underwent 161 COH + IUI 
cycles without surgery.

results: The total number of antral follicles was significantly lower in the study group than in the control group (10.1 ± 5.1 vs 
11.9 ± 5.0; p = 0.008). No significant difference was observed in the clinical pregnancy and live birth rates per cycle [(9.6% 
vs 7.6%; p=0.7175 OR: 1.195% CI: 0.6–2.1) and (7.2% vs 6.2%; p = 0.9544 OR: 1.1 95% CI: 0.5–2.1], respectively) between 
the operated and non-operated groups.

Conclusions: The results of the study show that the presence of an endometrioma with at least one patent fallopian tube 
does not require any cystectomy before COH+IUI treatment because no improvement was observed in the treatment 
outcomes of the patients who underwent preceding surgery. We conclude that an operation may be taken into con-
sideration when malignancy cannot be ruled out or severe pelvic pain related to endometrioma cannot be relieved.

Key words: endometrioma; ovulation induction; insemination; laparoscopic surgery; pregnancy rate; live birth
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introduCtion
Endometrioma, defined as an ovarian cystic mass arising 

from ectopic endometrial tissue on the ovaries, also called 
ovarian endometriosis, is common in reproductive-aged 
women [1]. As a common form of endometriosis, endo-
metrioma may be present in up to 20–40% of women with 
endometriosis [2]. Subfertility is a significant complication 
of endometrioma. One of the challenging areas in endome-
triosis-associated infertility is the presence of ovarian en-
dometriomas.    

Up to 10–25% of women with the disease require 
assisted reproductive treatment [1]. The presence of en-
dometrioma does not alter ovarian function, but there is 
confusion on whether this affects fertility treatment out-
comes. In addition to the publications claiming to reduce 

it [2], studies reporting that it does not affect it, have also 
been reported [3].

Ovarian cystectomy is the treatment of choice for en-
dometriomas, given the low recurrence rate and associ-
ated high spontaneous pregnancy rate. On the other hand, 
surgical treatment of endometriomas is associated with 
the unintentional removal or destruction of ovarian fol-
licles, which can cause a postoperative reduction in serum 
anti-Müllerian hormone (AMH) levels or antral follicle count 
(AFC) on ultrasound [4, 5].

In vitro fertilization (IVF) may be warranted in this set-
ting as a primary intervention (where fertility is the only 
issue) since the documented loss of the ovarian cortex may 
further impair fertility. The problem arises when women do 
not want to have IVF.
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Controlled ovarian stimulation + intrauterine insemi-
nation (COH + IUI) is one of the treatment choices for pa-
tients with endometrioma who do not want to undergo 
IVF treatment. Optionally, COH + IUI treatment can follow 
a preceding surgery.

This surgery must be performed in a way that will pro-
vide the best results.  However, the surgical management 
of endometriomas before COH + IUI treatment is still con-
troversial. 

In this study, COH + IUI cycles following surgery of infer-
tile women treated with laparoscopic cystectomy for severe 
pelvic pain due to endometrioma were examined. The aim of 
the study was to evaluate the effects of laparoscopic endo-
metrioma excision (with at least one patent fallopian tube) 
on COH + IUI cycles.

MatErial and MEthodS
In this retrospective study, the effect of surgery on 

COH+IUI cycles was evaluated in infertile women who un-
derwent laparoscopic cystectomy for endometrioma and 
pelvic pain. The data were obtained from the hospital re-
cords of 1972 patients who were treated in the reproductive 
health clinic of the university hospital between July 1, 2015, 
and December 31, 2019. A total of 145 infertile women with 
endometrioma aged 18-40 years having at least one patent 
fallopian tube who participated in our program of COH + IUI 
were included in the study. Patients with unexplained in-
fertility, bilateral tubal obstruction, advanced male factor 
infertility, (total motile sperm count less than 5 × 106) abnor-
mal ovulatory function (oligo-anovulation due to polycystic 
ovary syndrome, hyperprolactinemia, thyroid dysfunction) 
were excluded from the study. Women who had deep infil-
trating endometriosis, endometrial polyps, uterine fibroid, 
focal or diffuse adenomyosis, hydrosalpinx, and congenital 
uterine anomalies, also were excluded after clinical, pelvic 
ultrasound scan, and surgical observations.

The study group (operated group) consisted of 57 wom-
en who had a history of laparoscopic cystectomy for pelvic 
pain unresponsive to medical therapy and endometrioma 
larger than 3 cm and underwent 83 COH + IUI cycles in the 
following six months. In comparison, the control group 
comprised 88 women with endometrioma who were treated 
only with 161 COH + IUI cycles during the same period. 

All patients with laparoscopic cystectomy were operated 
on by the same surgical team in our clinic, and in addition 
to cystectomy, removal of endometriotic lesions and adhe-
siolysis was performed when necessary.

Endometrioma was diagnosed by laparoscopy in the 
study group and by vaginal ultrasound in the control group. 
Laparoscopic cystectomy was performed in the study  
group. The diagnosis of tubal patency was confirmed via 
hysterosalpingography and laparoscopic methylene blue 

perturbation in control and study groups, respectively. This 
study was conducted followed by the approval of the Uni-
versity Ethics Committee.

All patients had undergone COH + IUI treatment. Ovula-
tion induction was initiated on day 3 (D3) with recombinant 
follicle-stimulating hormone (r-FSH, GONAL-f®, Merck Global).  
The gonadotropin dose was determined as 50–100 IU daily 
according to the patient’s age, total antral follicle count, and 
D3 basal hormonal levels. Ovarian response was monitored 
by transvaginal ultrasound. On day 5 of the stimulation, 
a transvaginal ultrasound (TVUS) examination was carried 
out. If the size of the dominant follicle did not reach the 
required size, the administration of r-FSH was continued, 
with daily TVUS examination. When leading follicles with 
an average diameter higher or equal to 17 mm were de-
tected and endometrial thickness was measured at more 
than 7 mm, ovulation was induced with 250 international 
units of recombinant human chorionic gonadotropin (r-hCG, 
OVITRELLE®, Merck Global). Intrauterine insemination was 
scheduled 36 hours after the injection of r-hCG. 

The double gradient method was used for semen prepa-
ration. Ejaculates, obtained by masturbation after 2–5 days 
of abstinence, were prepared for IUI. Semen was prepared 
on the day of insemination by centrifugation on a density 
gradient, as previously described [6]. The prepared sperm 
was gently inserted within 1 cm of the fundal extend of 
the uterine cavity using a soft catheter. Women remained 
supine for 20 minutes after the procedure. Micronized pro-
gesterone (200 mg/day) was used until the serum hCG test 
after IUI. 

In patients with more than three follicles ≥ 14 mm in di-
ameter, the cycles were aborted before triggering ovulation 
with r-hCG due to the risk of hyperstimulation syndrome.

A serum hCG test was performed to confirm pregnancy 
at the time of the first expected menstrual period. Clinical 
pregnancy was defined as the ultrasonographic demon-
stration of an intrauterine gestational sac two weeks after 
a positive test. Pregnancies over 22 weeks resulting in a live 
birth were included in the live birth rate.

For the statistical analyses presented in the following 
section, Statistical Package for the Social Sciences (SPSS) for 
Windows (version 26.0; SPSS Inc., Chicago, IL, USA) was used. 
A two-sample t-test for parametric variables and Fisher’s 
exact test for nonparametric variables were performed to 
compare the two groups. A p-value < 0.05 was considered 
statistically significant.

rESultS
The average age of the patients in the study and control 

groups were 32.19 ± 4.51 years and 31.98 ± 5.53 years, re-
spectively. The characteristics of the patients in the operated 
and non-operated groups are shown in Table 1. There were 
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no significant differences in age, duration of infertility, type 
of infertility (primary/secondary), or bilaterality of disease 
between the two groups.

Total motile sperm count, D3 basal hormone levels  
[estradiol (E2), FSH], total gonadotropin dose, and duration 
of stimulation between the operated and non-operated 
group cycles were not significantly different, whereas the 
total antral follicle count was significantly lower in the oper-
ated group cycles than in the non-operated control group as 
shown in Table 2 (10.1 ± 5.1 vs 11.9 ± 5.0; p = 0.008).

The effect of endometrioma surgery before COH + IUI 
treatment on clinical pregnancy rate and pregnancy out-
comes is evaluated in Table 3. Clinical pregnancy and live 
birth rates per cycle were not significantly different between 
the operated and non-operated group cycles [(9.6% vs 7.6%; 
p = 0.7175, OR = 1.1, 95% CI: 0.6–2.1) and (7.2% vs 6.2%; 
p = 0.9544, OR = 1.1, 95% CI: 0.5–2.1), respectively].

The cancellation rate was similar in both study and 
control groups (6.0% vs 8.0%; p = 0.7651, OR = 0.8, 95% CI: 
0.3–1.7). The reason for two cycle cancellations in the control 
group was that patients had more than three follicles with 
a diameter greater than 14 mm before triggering ovulation 
with r-hCG. All five cycle cancellations in the operated group 
and eleven cycle cancellations in the non-operated group 
occurred due to no response to stimulus despite increasing 
the gonadotropin dose by 50%.

Only one patient with a twin pregnancy in the study 
group suffered from hyperstimulation syndrome at the sixth 
week of gestation. She was treated conservatively with 
close follow-up.

diSCuSSion
Although endometrioma is one of the causes of subfer-

tility, there is no consensus on the management of these 
patients. According to the American Society for Reproduc-
tive Medicine (ASRM) guidelines, endometriomas that cause 
pain and mass effects can be removed to relieve patient 
complaints [5].

The European Society for Reproductive and Embryol-
ogy (ESHRE) endometrioma treatment guidelines suggest 
that IVF is an appropriate treatment, especially if the tubal 
function is compromised, severe male factor infertility is 
present, or other treatments have failed [7]. In the absence 
of these conditions and in patients who do not prefer IVF, 
COH + IUI treatment should be kept in mind as an option for 
subfertility treatment. The effect of removal of endometrio-
mas on pregnancy outcomes varies according to the type 
of treatment to be applied.

According to a Cochrane review, removal of endome-
triomas by laparoscopic cystectomy improves spontaneous 
pregnancy rates while not altering pregnancy outcomes 
in IVF treated patients [8]. In patients who are planning to 

table 1. Characteristics of the women in the operated and non-operated groups

operated group
(n = 57)

non-operated group
(n = 88) p-value

Age [years] 32.1 ± 4.5 31.9 ± 5.5 0.76

Duration of infertility [months] 85.1 ± 44.1 97.4 ± 54.9 0.07

Bilaterality of endometrioma, n (%) 14 (24.5%) 23 (26.1%) 0.99

Primary infertility 41 (71.9%) 67 (76.1%) 0.70

Data are presented as the mean ± standard deviation and n (percentage) where appropriate; P < 0.05 is statistically significant

table 2. Characteristics of the operated and non-operated group cycles

operated group cycles 
(n = 83)

non-operated group cycles 
(n = 161) p-value

Total motile sperm count [106] 76.3 ± 83.9 61.1 ± 72.3 0.14

D3 E2 [pg/mL] 42.9 ± 28.9 44.8 ± 28.9 0.62

D3 FSH [IU/mL] 8.3 ± 3.1 7.8 ± 2.6 0.20

Total antral follicle count 10.1 ± 5.1 11.9 ± 5.0 0.00

Total gonadotrophin doses [IU] 971.4 ± 181.2 986.3 ± 170.5 0.53

Duration of stimulation [days] 12.4 ± 3.3 11.8 ± 4.1 0.21

Data are presented as the mean ± standard deviation; D3 — Day 3; E2 — estradiol; FSH — follicle stimulating hormone; IU — International Unit; mL — milliliter; pg — picogram; 
p < 0.05 is statistically significant
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receive COH + IUI treatment, the effect of removal of endo-
metriomas before treatment on pregnancy outcomes has 
not been clarified. Leone Roberti Maggiore et al. [9] reported 
that an endometrioma itself does not diminish ovarian func-
tion. In their study, ovulation rates of normal and endome-
triotic ovaries were similar. However, an endometrioma 
may reduce the number of follicles recruited in the ovary 
by exogenous FSH stimulation, there is no evidence that 
the cyst affects pregnancy or live birth rates after IVF [10].

On the other hand, ovarian surgery to remove the en-
dometrioma could be associated with reduced ovarian re-
serve [11, 12]. Recently, laparoscopic cystectomy to remove 
endometrioma has caused concerns regarding damage to 
ovarian reserve [13]. Damage to the ovary becomes more 
severe as the diameter of the endometrioma increases [14]. 
Furthermore, Busacca et al. reported that patients who have 
undergone operations for bilateral endometrioma have 
a 2.4% risk of premature ovarian failure after surgery [15]. 
However, premature ovarian failure is associated with re-
duced ovarian reserve with a significant decrease in serum 
anti-Müllerian hormone (AMH) levels but not in antral follicle 
counts [11, 12].

However, in our study, we observed that the number 
of antral follicles decreased significantly in the operated 
group compared to the non-operated group, which was 
not in agreement with this study. A limitation of our study 
is that we did not measure serum AMH levels to assess 
ovarian reserve. Therefore, we did not know whether there 
is a change in AMH values. Nevertheless, when interpreting 
the decreased serum AMH levels   after surgery, it should 
be kept in mind that the predictive value of AMH alone for 
ovarian reserve is not better than the total number of antral 
follicles in a clinically eligible patient for IUI [16].

Benaglia et al. reported that the presence of endome-
trioma in women selected for IVF did not significantly affect 
their response to ovarian stimulation [17]. Bongioanni et al. 
compared women with ovarian endometriosis and tubal 
factor-induced infertility and found that endometriomas did 
not impair IVF outcomes. In addition, the authors reported 
that laparoscopic removal of endometriomas has no benefi-

cial effect on IVF outcomes but may have a negative effect 
on ovarian response to gonadotropins [18].

A recent meta-analysis showed that resection of endo-
metriomas before IVF treatment does not improve preg-
nancy outcomes [19]. Decreased ovarian reserve is a po-
tential risk factor for surgical resection of endometriomas, 
especially in women with bilateral disease [20]. Since en-
dometriomas are associated with dense adhesions in most 
patients, standard surgical risks such as adjacent visceral 
injuries should be considered when deciding on the opera-
tion [5]. Surgery is not routinely recommended for patients 
with asymptomatic endometrioma due to subfertility in our 
clinic. However, many patients with endometrioma have had 
surgery for pelvic pain.

Gandhi et al. [21] showed that COH+IUI treatment did not 
improve pregnancy rates at any stage of endometriosis com-
pared to spontaneous cycles. They recommended that pa-
tients who have been operated on for endometrioma should 
also receive IVF treatment. Conversely, Kereszturi et al. [22]  
reported that COH + IUI treatment following surgery was 
more effective than surgery alone. In our clinic, we recom-
mend COH + IUI treatment instead of spontaneous follow-up 
to patients who have subfertility and have undergone sur-
gery for endometrioma but do not want IVF treatment. In 
our study, clinical pregnancy and live birth rates per cycle 
were not different in the operated and non-operated groups 
after COH + IUI treatment. The cycle cancellation rate was 
similar in both groups.

ConCluSionS
According to the results of the study, laparoscopic cys-

tectomy of endometriomas before COH + IUI treatment did 
not significantly improve the pregnancy outcomes in treat-
ed patients. Surgical removal of endometriomas in women 
suffering from subfertility should be considered if they are 
symptomatic or have malignancy potential. However, the 
risks of persistent endometriomas, such as the rupture of 
an endometrioma, infections, and future malignancy, should 
not be ignored. Further randomized controlled trials are 
needed to clarify the effect of endometrioma surgery on 

table 3. Treatment outcomes of controlled ovarian stimulation + intrauterine insemination in operated and non-operated group cycles

operated group cycles 
(n = 83)

non-operated group cycles 
(n = 161) p-value or (95% Ci)

Clinical pregnancy, n [%] 8 (9.6%) 12 (7.4%) 0.717 1.1 (0.6–2.1)

Live birth, n [%] 6 (7.2%) 10 (6.2%) 0.954 1.1 (0.5–2.1)

Cancellation, n [%] 5 (6.0%) 13 (8.0%) 0.765 0.8 (0.3–1.7)

Hyperstimulation, n 1 0 — —

Multiple pregnancy, n 1 0 — —

Data are presented as numbers (percentages) where appropriate; p < 0.05 is statistically significant; CI — confidence interval; COH + IUI — controlled 
ovarian stimulation + intrauterine insemination; OR  — odds ratio
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treatment outcomes in COH + IUI cycles in women experi-
encing subfertility.
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abStraCt
objectives: Infectious diseases in pregnant women can cause birth defects. Implementing appropriate prevention 
methods while planning pregnancy can help avoid some of them.

Material and methods: A cross-sectional survey study was performed. The questionnaire investigated attitudes towards 
vaccinations, as well as opinions on anti-vaccine movements and the so-called “chickenpox parties”. The questionnaire 
was developed for the purpose of this study and the survey was conducted using the google form, which was posted 
on social media groups for women planning pregnancy, being pregnant or for mothers’ groups from Poland.

results: The study group consisted of 2402 women; their median age was 31 years (range 16–54 years). Most women 
were from cities > 100,000 inhabitants (49.7%, 1194/2402) and had higher education (71.9%, 1726/2402). A positive at-
titude towards vaccinations was more common among younger, nulliparous women from big cities (p = 0.02, p = 0.04 and 
p = 0.01, respectively). 2068/2402 (86.1%) of respondents were not vaccinated before pregnancy and 1931/2402 (80.4%) 
of women were not vaccinated during pregnancy. While most women (1545/2402, 64.3%) considered vaccination 
safe, and effective (1904/2402, 79.3%) against infectious diseases, many (n = 296/2402 12.3%) have no opinion on the 
so-called chickenpox party.

Conclusions: Most surveyed women had a positive attitude towards vaccinations and consider vaccines a safe and ef-
fective method of protection against infectious diseases. Since a significant proportion of women were not vaccinated 
before or during pregnancy and about 12% of women are undecided, the physician’s role is crucial in educating and 
persuading the patient to be vaccinated.

Key words: anti-vaccination movement; infections; newborn diseases; pregnancy; vaccines
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introduCtion
Intrauterine or perinatally transmitted infections are 

a significant cause of fetal and neonatal mortality and 
an important contributor to morbidity in early and late 
childhood. The term TORCH complex is used to describe 
common mother-to-child infections, including toxoplasmo-
sis, other: syphilis, hepatitis B and C viruses (HBV and HCV), 

human immunodeficiency virus (HIV), human papillomavi-
rus (HPV), parvovirus B19, varicella and zoster virus (VZV) 
and enteroviruses. The acronym also includes rubella (MMR), 
cytomegalovirus (CMV) and herpes simplex virus (HSV). The 
majority in this group are infections of viral etiology [1].

Preconception care should be given to every woman of 
childbearing age. The main goals of antenatal care include 

https://orcid.org/0000-0002-6447-1667
https://orcid.org/0000-0002-6447-1667
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identifying potential risks to the mother, fetus and preg-
nancy, and providing information about potential risk fac-
tors, and intervention options [2–4].

A detailed medical interview is essential for risk assess-
ment. It is important to gather accurate information about 
past and present chronic diseases, including diabetes and 
hypertension, as well as family history of genetic and con-
genital diseases. Information about gynecological diseases 
and previous obstetric history, data on the course of previ-
ous pregnancies, way of their termination, and data on 
children’s health are also important [2, 5]. Regular medical 
visits and laboratory testing reduce the risk of complications 
during pregnancy and delivery [2, 5, 6].

On January 1, 2019, new recommendations were intro-
duced in Poland, outlining the scope of diagnostic tests and 
medical consultations that should be performed through-
out the course of pregnancy. The testing scheme for verti-
cal infections is considered correctly implemented if the 
first testing towards toxoplasmosis, rubella, HIV, HCV, and 
syphilis are performed before the tenth week of gestation. 
If the first tests for toxoplasmosis are negative, reassessment  
is recommended between the twenty-first and twenty-sixth 
week of gestation. Moreover, testing for HBV and HIV  
is recommended between the thirty-third and thirty-sev-
enth week of gestation [4]. Many interventions before and 
during pregnancy can reduce the incidence of birth defects, 
congenital diseases, fetal impairment or pregnancy compli-
cations. Some interventions need to be performed before 
conception. They include glycemic control, weight loss, folic 
acid supplementation [7–9]. Pregnant women should give 
up drinking and smoking. It is also important to discontinue 
the administration of teratogenic drugs, and if the patient 
needs treatment, these drugs should be replaced with medi-
cations that are safe for the fetus. It is also important to 
maintain healthy body weight, as obesity increases the risk 
of birth defects and may cause many complications for the 
mother [7, 8]. During pregnancy, women should pay atten-
tion to hygiene. Hand washing, avoiding eating uncooked 
meat and unpasteurized food reduce the risk of developing 
diseases such as toxoplasmosis, and listeriosis [7, 9].

According to the recommendations of the Advisory 
Committee on Immunization Practices at Centers for Dis-
ease Control and Prevention and the American College 
of Obstetrics and Gynecology, a woman who is planning 
to become pregnant should be vaccinated against MMR 
and chickenpox at least four weeks before conception (as 
these vaccinations are contraindicated during pregnancy), 
unless she has had varicella or rubella or has been vac-
cinated against these diseases. From the second trimester 
of pregnancy, every woman should be vaccinated against 
influenza and hepatitis B (unless she has previous history 
of these diseases or has been vaccinated against them). 

Vaccination against pertussis (DTP) with an acellular vaccine 
between 27 and 34 weeks (36 weeks in Poland) of pregnancy 
is also recommended in order to pass the antibodies to her 
child (irrespective of her previous history of infection or 
immunization) [10].

objectives
The aim of the study was to evaluate the attitude of Pol-

ish women who have children or are planning a pregnancy 
towards vaccination, infectious diseases that may cause 
vertical infections, their medical knowledge and the main 
sources of medical information.

MatErial and MEthodS
A cross-sectional survey study was performed anony-

mously, which checked the attitudes of Polish women plan-
ning pregnancy, being pregnant or already having children 
towards various aspects related to vaccinations and ver-
tical infections. Moreover, attitudes towards anti-vaccine 
movements and chickenpox parties were also analyzed. 
The survey analyzed the vaccination coverage among sur-
veyed women. The analysis included whether women were 
vaccinated appropriately when planning pregnancy, and 
whether these vaccinations were recommended by doctors. 
In addition, it was verified, whether women were vaccinated 
during pregnancy against the diseases according to recom-
mendations. The study also checked women’s willingness to  
vaccinate their children, and if they consider vaccination  
to be safe and effective against infectious diseases.

The questionnaire was developed for the purpose of 
this study and the survey was conducted using the google 
form, which was posted on social media groups for women 
planning pregnancy, being pregnant or for mothers’ groups 
from Poland. Women from these groups were only once 
exposed to the questionnaire. Groups were chosen based 
on the names “Mothers”, “Future mothers”, “Planning preg-
nancy” and a combination of these titles along with the 
names of specific areas of Poland, namely provinces and 
voivodeships. Every surveyed woman, when completing the 
questionnaire, had to agree to complete it and had given 
permission to analyze and publish data collected from her 
survey. The design of the work conforms to standards cur-
rently applied in the Medical University of Warsaw’s Bioeth-
ics Committee. Approval number: AKBE/131/2021.

Normality of continuous variables was tested using Shapiro- 
-Wilk’s test. The U-Mann Whitney test was used to compare 
continuous variables and the chi2 test was used to evaluate 
categorical variables. A p value of < 0.05 was considered 
significant. Logistic regression was used to calculate adjusted 
odds ratios and to determine variables independently associ-
ated with the attitude towards vaccinations. Statistical analy-
sis was performed using programme Statistica version 13.3.
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rESultS
The collected data were grouped into 4 subgroups:

•	 study group characteristics,
•	 vaccination-related data,
•	 infectious diseases during pregnancy,
•	 attitude towards anti-vaccine movements and chick-

enpox parties.

Study group characteristics
The study group consisted of 2402 women planning 

pregnancy or having children. The median age was 31 years 
(range: 16–54 years). The largest group consisted of women 
living in cities > 100,000 inhabitants (n = 1194/2402, 49.7%), 
with higher education (n = 1726/2402, 71.9%), married 
(n = 1841/2402, 76.6%) and in a relationship (n = 2329/2402, 
97%). Most of the surveyed women had been once pregnant 
(n = 1009/2402, 42%) and gave birth once (n = 1211/2402, 
50.4%). When implementing the survey, 788/2402 (32.8%) 
of women were pregnant. The survey also checked if women 
have contact with school-age children (1491/2402, 62.1%) 
and the source of their knowledge about vaccines, which 
was mostly medical staff (1848/2402, 76.9%). Baseline char-
acteristics of the study group are presented in Table 1.

Vaccination-related data
Most women had been previously vaccinated according 

to their vaccination schedule [against tuberculosis, hepa-
titis B, DTP, MMR, polio (n = 1283/2402, 53.4% for polio 
to 1728/2402, 71.9% for DTP) almost a quarter of women 
did not remember what infectious diseases they were vac-
cinated against in the past (n = 566/2402, 23.6%) (Fig.1). 
Most women had not been vaccinated while planning preg-
nancy (n = 2069/2402, 86.1%) (Fig. 2). This may be because 
physicians often do not recommend vaccinations before 
the pregnancy (n = 1989/2402, 82.2%). The study shows 
that only about 3% (67–91/2402, 2.8–3.8%) of physicians 
recommended vaccination against influenza or pertus-
sis to pregnant women. Nonetheless 1712/2402 (71.27%) 
of women have a positive attitude towards vaccinations.  
It was more common among nulliparous, younger women 
living in more populous cities (Tab. 2). A total of 71.3% 
(n = 1712/2402) of women consider vaccinations necessary 
for their children’s health. Also, 64.3 % (n = 1544/2402) of 
respondents consider vaccinations safe for their children, 
while 79.3% (n = 1905/2402) consider them effective in 
preventing infectious diseases.

infectious diseases during pregnancy
The study also checked women’s knowledge of the risk 

associated with infectious diseases during pregnancy. Polish 
women were also asked about the most dangerous, in their 
opinion, pathogenic factors that may affect the development 

of the fetus (Tab. 3). Seventy three percent (n = 1752/2402) of 
women have never heard the acronym TORCH. Most women 
know that fetal birth defects can be caused by infectious 
agents (n = 1718/2402, 74.1%), but almost a quarter were 
not aware of this fact (n = 544/2402, 22.6%). Among the five 
most dangerous in surveyed women’s opinion infectious 
diseases for the fetus, were: toxoplasmosis (n = 1594/2402, 
66.4%), rubella (n = 1195/2402, 49.8%), CMV (n = 912/2402, 
38%), HIV (n = 810/2402, 33.7%) and measles (n = 643/2402, 
26.8%). According to respondents, the five most danger-
ous fetal defects caused by infectious agents were: ner-
vous system defects (n = 1599/2402, 66.6%), heart defects 
(n = 1549/2402, 64.5%), intrauterine death (n = 1445/2402, 
60.2%), extremities hypoplasia (n = 1009/2402, 42%), and 
body mass deficiency (n = 729/2402, 30.3%).

attitude towards anti-vaccine movements 
and chickenpox parties

Our study showed 57% (n = 1350/2402) of the surveyed 
women fully disagree with anti-vaccine movements, 22.9% 
(n = 549/2402) partially agree, and 11.8% (n = 284/2402) 
have no opinion and 6.2% (n = 149/2402) fully agree. In case 
of chickenpox party, as much as 83.1% (n = 2013/2402) of 
women consider this phenomenon dangerous for children’s 
health, 12.3% (n = 296/2402) have no opinion on this matter, 
and 3.9% (n = 93/2402) consider it a good way for children to 
acquire immunity. Women living in cities > 100,000 inhabit-
ants considered chickenpox party more often as a danger-
ous phenomenon for children’s health (51.19%, n = 989 
vs 43.62%, n = 205, p = 0.04).

diSCuSSion
Our study revealed that a positive attitude towards vac-

cinations was more common among nulliparous, younger 
women living in more populous cities (Tab. 3).

Interestingly, it seems that there is no real correlation 
between attitudes towards vaccination and socio-economic 
status or level of education. Much better predictors are high 
levels of underground thinking, low tolerance to perceived 
personal freedom, aversion to needles or blood, and reli-
gious issues. But most importantly, worried parents are the 
consumers of misinformation [11].

A German study conducted by Betsch C et al. [12] dem-
onstrated that accessing vaccine-critical websites for five to 
ten minutes increases the perception of risk of vaccination 
and decreases the perception of risk resulting from omitting 
vaccinations as well as the willingness to vaccinate. This is 
worrying given that as many as 76.1% (n = 1829/2402) of 
surveyed women use the internet as a source of knowledge 
about vaccination.

Anti-vaccine movement is a colloquial term for ini-
tiatives of people who negate the effectiveness and  
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expediency of vaccinating. The history of anti-vaccination 
movements dates back to the nineteenth century, when 
Edward Jenner proved that vaccinia virus infection pro-
tects against smallpox virus infection and its complica-
tions. Already then many people disapproved his actions [13].  
Nowadays, the anti-vaccine movement has increased sig-
nificantly, following the publication of a paper by Andrew 
Wakefield in 1998 in which he argued that measles, mumps, 

rubella (MMR) vaccination was associated with autism [14]. 
The greatest intensification of anti-vaccine movements 
in Europe took place after the publication of Wakefield’s 
pseudo-research, the consequences of which we must face 
today. In the UK, the MMR vaccination rate dropped from 
92% in 1996 to 84% in 2002. In 2003, the rate was as low as 
61% in some parts of London, far below the rate needed to 
avoid an epidemic of measles [15]. Anti-vaccine movements 

table 1. Baseline characteristics of the study group

n = 2402 %

Place of residence

Village 549 22.8

City < 10 000 167 7

City 10 000–100 000 492 20.5

City > 100 000 1194 49.7

Education

Medium 530 22.01

Vocational school 97 4

Higher 1726 71.9

Other 492 2

Marital status

Single 440 18.03

Married 1841 76.6

Divorced 69 2.09

Widowed 52 2.02

Stable relationship
Yes 2329 97

No 73 3

number of pregnancies 

0 pregnancies 98 4.1

1 pregnancy 1009 42

2 pregnancies 832 34.6

3 pregnancies 299 12.4

> 4 pregnancies 164 6.9

number of births

0 births 243 10.1

1 birth 1211 50.4

2 births 754 31

> 4 births 203 8.5

 Current pregnancy status

Not pregnant 456 19

Pregnant 1614 67.2

Not pregnant, planning pregnancy 332 13.8

Sources of information about medical 
knowledge 

Medical staff 1848 76.9

Books 837 34.7

Press 426 17.7

Internet 1829 76.1

Television 298 12.4

Family 748 31.3

Friends 756 31.5

Lamaze class 318 13.2

University class 5 0.2

Science publications 3 0.1

Leaflets 85 3.5
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figure 2. Data presents which pathogens the surveyed women had been vaccinated against due to planning her pregnancy; MMR — rubella; 
DTaP — Diphteria, tetanus, pertussis
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figure 1. Data presents which pathogens the surveyed women had been vaccinated against according to their individual vaccination schedule; 
HPV — human papillomavirus

are also gaining more and more popularity in Poland. In 
our country, the number of people who avoid vaccination 
is constantly increasing. In 2010, as a result of the parents’ 
refusal, 3437 children were not vaccinated with compulsory 
vaccines, whereas in 2018 about 40,000 parents had already 
evaded their vaccinations [14]. In a survey conducted by 
Furman et al. [16] 2.3% of parents declared that they have 
avoided mandatory childhood vaccination at least once, 
8.5% of parents would stop vaccinating their children if 
the vaccination obligation was abolished. The aftermath 
of these activities can also be seen in Poland, the level 
of vaccination against measles, mumps and rubella fell 
below 95%, ensuring a safe level for society. Our study 
showed that 57% (n = 1350/2402) of the surveyed women 
fully disagree with anti-vaccine movements. It is difficult 
to reduce this tendency if women planning pregnancy in 

Poland are not vaccinated according to recommendations 
(86.1%, n = 2069/2402). On the other hand, if a woman is 
planning her pregnancy and is under medical care, the 
physician should inform her about the recommended vac-
cinations. Analyzing the vaccination coverage of Polish 
women against influenza, data from the National Institute 
of Public Health — National Institute of Hygiene show 
that in 2018 only 2.5% of people have been vaccinated 
against influenza [14]. Our study showed that only 3% 
of doctors recommended pregnant women to vaccinate 
against influenza.

Recently popular among parents are the so-called 
“chickenpox party”, these are deliberate organized meet-
ings of healthy children with people infected with chicken-
pox virus. The purpose of the meeting is to infect healthy 
children so that their immune system develops natural  
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table 3. Presents which infectious diseases are Polish women 
the most afraid or would have been afraid of due to their 
pregnancy/planning pregnancy

a) infectious diseases that Polish women are the most afraid of 
due to their pregnancy

infectious disease n = 2402

Toxoplasmosis, n (%) 1594 (66.4)

Rubella, n (%) 1195 (49.8)

CMV, n (%) 912 (38.0)

HIV, n (%) 810 (33.7)

Measles, n (%) 643 (26.8)

Chickenpox, n (%) 603 (25.1)

Herpes, n (%) 575 (23.9)

Syphilis, n (%) 515 (21.4)

Pertussis, n (%) 484 (20.1)

Hepatitis B, n (%) 483 (20.1)

Tuberculosis, n (%) 450 (18.7)

Mumps, n (%) 395 (16.4)

Influenza, n (%) 392 (16.3)

Tetanus, n (%) 271 (11.3)

Polio, n (%) 247 (10.3)

Diphtheria, n (%) 157 (6.5)

I am not afraid, n (%) 126 (5.3)

b) Congenital defects caused by infections agents according 
to Polish women

Congenital defect associated with 
infectious agent n = 2402

Defects of the nervous system, n (%) 1599 (66.6)

Congenital heart defects, n (%) 1549 (64.5)

Intrauterine death, n (%) 1445 (60.2)

Hydrocephalus, n (%) 1009 (42.0)

Hypoplasia of the limbs, n (%) 1009 (42.0)

Weight loss, n (%) 729 (30.3)

Deafness, n (%) 694 (28.9)

Does not know, n (%) 558 (23.2)

AIDS, n (%) 471 (19.6)

Congenital cataract, n (%) 237 (9.9)

There is no risk, n (%) 41 (1.7)

CMV — cytomegalovirus; HIV — human immunodeficiency virus

table 2. Factors influencing the attitude towards vaccinations

attitude towards vaccinations Positive negative
p-value

n 1712 690

Median age 30.76 ± 5.5 years 31.34 ± 5.2 years 0.002

Parous 70.63 % 29.37%
0.0039

Nulliparous 76.95 % 23.05 %

City > 100 000 51.34 % 45.65 %
0.013

City < 100 000 48.66 % 54.35 %

immunity after illness [17]. An Italian Study revealed that 
2.2% of the parents believed that varicella could cause seri-
ous health problems [18]. In our study 83.1% (n = 2013/2402) 
of women consider the phenomenon of chickenpox party as 
dangerous for their children’s health. This attitude was more 
common in women living in cities > 100,000 inhabitants 
(51.19%, n = 989 vs 43.62%, n = 205, p = 0.04).

limitations of the study
Since it was a questionnaire study, women completing 

the survey might have not understood some questions, 
since it was performed via social media, we could not explain 
it enough for some of them. On the other hand, most of 
surveyed women had higher education, which may suggest 
that they understood the questionnaire properly. However, 
one cannot be sure if the answers were honest. We decided 
to collect a high amount of correctly completed surveys in 
order to minimize the risk of getting dishonest answers and 
having unreliable results.

Most of the surveyed women live in big cities. It might be 
worth considering extending the study among rural areas in 
order to collect more representative data, especially when 
most women are obtaining their knowledge about vaccines 
mainly from medical staff, and medical care is more limited 
in the countryside.

ConCluSionS
To sum up, most of surveyed women want to be vacci-

nated and to vaccinate their children, they consider vaccines 
safe and effective against infectious diseases. A significant 
proportion of women planning to become pregnant or 
being pregnant is not vaccinated, the role of physician con-
vincing the patient to be vaccinated is crucial in this matter. 
About 12% of women are the undecided fraction, and the 
educational role of physicians is essential to convince them 
of the importance of vaccination.

Ethics approval and consent to participate
The design of the work conforms to standards currently ap-
plied in Medical University of Warsaw’s Bioethics Committee. 
Approval number: AKBE/131/2021.
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abStraCt
objectives: Non-communicating rudimentary horn pregnancy is a rare condition associated with serious complications 
and consequences.

Material and methods: We reported a case of a 44-day non-communicating rudimentary horn pregnancy who was 
diagnosed by three-dimensional ultrasound (3D-US) and pelvic magnetic resonance imaging (MRI), followed by treat-
ment via laparoscopic resection. 

results: The 3D-US and pelvic MRI scan showed a consistent result. Serious complications and consequences were 
avoided. Postoperative diagnosis showed that the malformation was classified as type IIc.

Conclusions: For such diagnosis as a unicornuate uterus with a rudimentary horn, if there are no symptoms, it cannot be 
treated. Once pregnancy is in the rudimentary horn, 3D-US or MRI should be conducted to determine the implantation 
location of the pregnancy capsule and the operation should be performed as soon as possible to avoid uterine rupture. 
Laparoscopic surgery can be chosen in the early stage.

Key words: laparoscopy; non-communicating rudimentary horn pregnancy; three-dimensional ultrasound
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introduCtion
Pregnancy in a non-communicating rudimentary horn 

is rare with the low prevalence, estimated to be 1 in 76,000– 
–150,000 pregnancies [1, 2]. However, 80% or more of gravid 
rudimentary horns will cause uterine rupture, resulting in 
hemorrhage and a 0.5% maternal mortality rate [3]. Exci-
sion of the rudimentary horn by laparotomy is traditional 
approach, which is increasingly replaced with increasing 
expertise in laparoscopy. Recently, the three-dimensional 
ultrasound (3D-US) is reported to be highly accurate for 
uterine malformations diagnosis, which has a good consist-
ency with magnetic resonance imaging (MRI) [4]. 

MatErial and MEthodS 
A 39-year-old woman was admitted to the hospital due 

to postmenopausal period for 44 days and noncommunicat-
ing rudimentary uterine horn pregnancy for one day. She 
had no pregnancy history, and her menstrual history was: 
menarche at 13 years of age, menstrual period of 5 days, 
cycle of 30 days, and no dysmenorrhea. Gynecological ex-

amination detected a mass (3 × 3 cm in size) on the right side 
of the uterine body, which was not clear from the uterine 
boundary and had no obvious tenderness. Gynaecological 
3D-US showed abnormal morphology of the uterus (left 
unicornuate uterus with right rudimentary uterine horn, 
4.6 × 4.4 × 4.2 cm) A hypoechoic area (1.13 × 1.16 cm) was 
seen on the right side of the uterus, inside which an an-
echoic region (0.37 × 0.28 cm) was observed (considering 
rudimentary horn pregnancy). There was no communication 
between left unicornuate uterus and right rudimentary horn 
(Fig 1A). The consistent results were obtained by pelvic MRI 
(Fig. 1B). 

rESultS
On the third day of admission, the patient underwent 

laparoscopy combined with hysteroscopy under general 
anesthesia. Laparoscopic exploration showed abnormal 
uterine morphology. The thickness of the junction between 
left unicornuate uterus (4 × 4 cm) and right rudimenta-
ry horn (3 × 3 cm, blue-purple surface) was about 2 cm. 

https://orcid.org/0000-0002-7466-6222
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Normal tubal and ovarian structures were seen on both 
sides. Hysteroscopy examination revealed a single cervix. 
The endometrium of the left single horn was thickened and 
only the opening of the left fallopian tube was visible. Dur-
ing the operation, Meilan drainage was performed. Under 
laparoscopy, Meilan solution was seen at the end of the 
left oviduct umbrella, but not the right oviduct umbrella.  
The right rudimentary horn with the right fallopian tube 
was excised. The operation time was one-hour, intraop-
erative bleeding was about 10 mL, and the operation was 
successful. She recovered well and was discharged five days 
after the operation. Postoperative pathological diagnosis 
confirmed the right rudimentary horn pregnancy, classi-
fied as type IIc.

diSCuSSion
Rudimentary horn pregnancy is a very rare form of ec-

topic gestation. In our case, postoperative diagnosis showed 
that the malformation was classified as type IIc, which was 
always diagnosis failure due to the absence of clinical symp-
toms of dysmenorrhea or misdiagnosis. 

3D-US and pelvic MRI scan are shown to have high ac-
curacy in the diagnosis of mullerian anomalies, and give 
comparable results [5]. In our case, both 3D-US and pelvic MRI 
were performed, obtaining the same conclusions. Given the 
advantages of 3D-US, such as non-invasive way, low price, and 
short examination time, we advised that 3D-US can be popu-
larized clinically in the diagnosis of uterine malformations. 

Most rudimentary horn pregnancies result in a high 
rate of complications,  like uterine rupture. Once rupture, 
the consequences are disastrous, often leading to hem-
orrhagic shock and even death of pregnant women [6].  
Because of the high risk of serious complications, it is 
recommended by most that, once the rudimentary horn 
pregnancy is diagnosed, surgery excision of the pregnant 
rudimentary horn and ipsilateral fallopian tube is imme-
diately performed [7]. The common surgical methods are 
laparotomy and laparoscopy. Laparoscopy is an attractive 
option than laparotomy due to the advantage of short 
operation time, less intraoperative blood loss and early 
postoperative recovery. Based on the imaging diagnosis, 
laparoscopy combined with hysteroscopy was performed 

figure 1. Three-dimensional ultrasound (a) and pelvic magnetic resonance imaging (b) showed the rudimentary horn pregnancy

b

a
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in our case, which could be used for evaluation operation 
difficulty and risk of bleeding. Notably, the connection 
between the unicornuate uterus and rudimentary horn 
may be fibrous or fibromuscular. If thick fibromuscular 
tissue is present, laparoscopic resection is more techni-
cally challenging, and laparoscopic suture to close the 
myometrium is recommended to avoid uterus rupture 
during pregnancies. In our case, only a 1 cm thick fibrous 
band was present, so there was no need to close the 
muscular layer.

ConCluSionS
The presentation of this case shows that once pregnancy 

in rudimentary horn, 3D-US or MRI should be conducted 
to determine the implantation location of the pregnancy 
capsule and the operation should be performed as soon 
as possible to avoid uterine rupture. Laparoscopic surgery 
can be chosen in the early stage.
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abStraCt
Polycystic ovary syndrome (PCOS) is a common, heterogeneous endocrine disorder which effects 5–10% of reproduc-
tive-age women. Recently, an association between PCOS and an increased risk of developing metabolic disturbances, 
such as insulin resistance, prediabetes, type 2 diabetes mellitus as well as obesity has been emphasised. Branched-chain 
amino acids (BCAAs), including valine (Val), leucine (Leu) and isoleucine (Ile), are a group of essential amino acids that 
cannot be synthesized in human body and need to be obtained from food. Several recent studies provide evidence  
that plasma BCAAs also serve as crucial nutrient signals and metabolic regulators. Interestingly, latest metabolomics analy-
sis shows abnormalities in amino acid catabolism and biosynthesis in patients with PCOS, particularly in BCAAs. A growing 
body of evidence proves that elevated levels of BCAAs may have adverse effects on metabolic health leading to the de-
velopment of insulin resistance, prediabetes, type 2 diabetes mellitus and obesity both in human and animal models. The 
aim of this review is to assess the current state of knowledge about the potential role of BCAAs as a novel biomarker of 
metabolic disturbances in women with polycystic ovary syndrome based on recent scientific literature published up to 
July 2021 and searches of the PubMed, Google Scholar, and Web of Science databases.

Key words: branched-chain amino acids; PCOS, metabolic syndrome; insulin resistance; type 2 diabetes; obesity
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introduCtion
Polycystic ovary syndrome (PCOS) is a common, het-

erogeneous endocrine disorder which effects 5–10% of 
reproductive-age women [1, 2]. According to the current 
2003 Rotterdam criteria, there are four phenotypes of PCOS 
and the diagnosis requires the presence of two or more of 
the following symptoms: chronic ovulatory disorder, pres-
ence of hyperandrogenism and ultrasound evidence of 
polycystic ovaries [3].

Recently, an association between PCOS and an increased 
risk of developing metabolic disturbances, among them 
insulin resistance, prediabetes, type 2 diabetes mellitus as 
well as obesity has been emphasised [1, 2]. Alterations in 
several metabolic pathways including carbohydrate, lipid 
and amino acid metabolisms are observed among patients 
with PCOS [4]. However, there is limited knowledge about 
the exact pathogenesis of the disorder, which highlights 

the need to explore the metabolic dysfunction in PCOS for 
prevention of long-term complications [4, 5].

Interestingly, latest metabolomics analysis shows ab-
normalities in amino acid catabolism and biosynthesis in 
patients with PCOS, particularly in branched chain amino 
acids (BCAAs) [4, 6]. BCAAs, including valine (Val), leucine 
(Leu) and isoleucine (Ile), are a group of essential amino 
acids that cannot be synthesized in human body and need 
to be obtained from food [7–9]. They account for about 
20% of total protein intake and make up one-third of the 
dietary essential amino acids [7–9]. Their main function is 
promoting protein synthesis and suppressing proteolysis [8]. 
Several recent studies provide evidence that plasma BCAAs 
also serve as crucial nutrient signals and metabolic regula-
tors [8], mainly by influencing various aspects of glucose 
homeostasis [7, 10]. BCAAs have been reported to have 
positive metabolic effects improving body composition, 
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glycaemia levels and satiety [8, 11]. However, a growing 
body of evidence shows that elevated levels of BCAAs may 
have adverse effects on development of insulin resistance, 
prediabetes, type 2 diabetes mellitus and obesity both in 
human and animal models [11–14], making BCAAs a po-
tential biomarker to identify women with PCOS who are at 
risk of developing metabolic disorders, so that appropriate 
preventative measures can be taken.

The aim of this review is to outline the potential role of 
BCAAs as a novel biomarker of metabolic disturbances in 
patients with polycystic ovary syndrome.

diSCuSSion
bCaas in metabolic disorders

Elevated levels of plasma BCAAs and their catabolic 
by-products have been linked to the pathogenesis of meta-
bolic disorders such as insulin resistance [11, 15, 16], type 
2 diabetes [11, 15, 16] and obesity [11]. One of the main 
theories explaining increased BCAAs concentration in meta-
bolic disturbances implies a disruption of BCAAs catabolism 
due to decreased expression of BCAA catabolic enzymes 
in adipose and hepatic tissue, leading to BCAAs build-up 
in the circulation [5, 12, 14]. An alternative explanation for 
elevated BCAAs concentrations suggests increased prote-
olysis of skeletal muscle in states of insulin resistance [12]. 
A few studies have also demonstrated that dietary BCAAs in-
take could contribute to impaired glucose metabolism [14].  
However, most authors claim it is unlikely that dietary 
protein consumption is responsible for elevated BCAA se-
rum concentrations prior to the development of insulin 
resistance [13] and suggest that elevated BCAAs concen-
tration may potentiate glucose intolerance by increasing 
the supply of BCAA metabolites glutamate and alanine for 
gluconeogenesis [5, 11]. Additionally, it has been revealed 
that BCAAs plasma concentrations could also be affected 
by gut microbiome, which may alter protein degradation 
[7, 14]. Nonetheless, the exact mechanism underlying the 
correlation between BCAAs and metabolic disorders is not 
yet fully understood.

bCaas and insulin resistance
A number of recent metabolomics-based studies show 

that changes in metabolic pathways in insulin resistance 
are associated not only with disorders in carbohydrate and 
lipid metabolism, but also concern amino acids, including 
BCAAs [14–16]. It is well known that glucose and amino 
acid metabolism are closely interrelated [12]. On one hand 
amino acids can be used for gluconeogenesis and on the 
other non-essential amino acids can be synthesized de novo 
from glucose [12]. Moreover, free amino acids influence 
insulin and glucagon secretion, thus modulating glucose 
metabolism [12].

In a large population-based cohort study on young, 
healthy Finnish individuals the relationship between insulin 
resistance and fasting glucose levels and BCAAs concentra-
tions was investigated during a 6-year follow-up [17]. The 
study revealed that plasma BCAAs concentrations predict 
insulin resistance index (HOMA-IR) in young adults, with the 
most pronounced associations observed for men [17, 18]. 
No correlation was observed for glycaemia, which indicates 
that altered branched-chain metabolism precedes the de-
velopment of insulin resistance already in early adulthood, 
prior to the occurrence of impaired fasting glucose [17]. 
Consistent results were shown in a study by Thalacker- 
-Mercer et al. [19], in which leucine and isoleucine were neg-
atively correlated with glucose disposal rate in non-obese 
and type 2 diabetic patients using the hyperinsulinemic-eu-
glycemic clamp technique. In line with these studies, in-
sulin resistance was associated with increased levels of 
valine, leucine and isoleucine in a study on 263 non-obese 
Asian-Indian and Chinese men [20]. In a study by Piccolo 
et al. [21] a direct correlation between plasma BCAAs con-
centration and insulin resistance parameters in women 
with metabolic syndrome was revealed. BCAAs exhibited 
predictive associations with fasting glucose, fasting insulin 
and HOMA-IR [21]. Worth noticing is the fact, some authors 
provide evidence that BCAAs are even more strongly cor-
related with insulin sensitivity than lipid-related factors [22].  
Interestingly, in a randomized, placebo-controlled, dou-
ble-blinded study it was proved that a short-term dietary 
reduction of BCAAs increases whole-body insulin sensitiv-
ity, decreases postprandial insulin secretion and improves 
white adipose tissue metabolism as well as gut microbiome 
composition [7].

bCaas and prediabetes 
and type 2 diabetes mellitus

Recent studies provide evidence that BCAAs catabolism 
is altered in various metabolic disorders, among them in 
prediabetes and type 2 diabetes [11, 23–26].

In a study by Tulipani et al. [23] a positive correlation be-
tween plasma concentrations of BCAA valine and insulin re-
sistance as well as prediabetes was observed, independently 
from the BMI. Moreover, several recent population-based 
studies show a significant correlation between BCAAs and 
their metabolites and impaired fasting glucose (IFG) and 
type 2 diabetes [24, 25].

Nakamura et al. [26] examined the relationship between 
glucose- and insulin-related markers and plasma amino acid 
profile in individuals already diagnosed with type 2 dia-
betes. The results showed that BCAAs were significantly 
increased in people with hyperinsulinemia. Moreover, there 
was a positive correlation between BCAAs concentrations 
and HbA1c, c-peptide, insulin and HOMA-IR. In addition to 
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this, in this study, BCAAs were negatively correlated with 
adiponectin concentrations.

Interestingly, many studies show that plasma-free amino 
acid (PFAA) profile, especially the levels of BCAAs, are altered 
long before the onset of type two diabetes and precede the 
development of the disorder and thus could be used as bio-
markers of type 2 diabetes development [11, 16, 22]. In the 
long-term cohort Framingham Heart Study, the authors ex-
amined whether metabolite profiles could predict the devel-
opment of diabetes [27]. In a group of 201 people who devel-
oped diabetes, serum levels of BCAAs were increased up to 
12 years prior to the onset of the disease, implying that hyper 
aminoacidemia is a very early sign of type 2 diabetes [27].  
Moreover, the risk of developing diabetes was 4-fold higher 
in individuals with high plasma amino acid concentrations 
[27]. In another study on 429 Chinese individuals’ early eleva-
tion of valine, leucine and isoleucine was associated with 
future development of type 2 diabetes during a 10 year 
follow-up, which highlights their predictive value as early 
markers of diabetes [28].

bCaas and obesity
The relationship between elevated circulating BCAA lev-

els and obesity has been thoroughly investigated through-
out recent years.

A large prospective, observational, community-based 
study on over 2300 participants investigated metabolic sig-
natures of obesity and found a strong positive correlation 
between BCAAs and BMI as well as HOMA-IR, HDL and tri-
glycerides [29]. Similar results were obtained by Zhou et 
al. [30] who analysed the differences in amino acid profiles 
between obese and lean subjects and found that in a group 
of 100 non-diabetic individuals, 19 out of 42 examined amino 
acids differed in obese subjects, among them valine, leucine 
and isoleucine were significantly increased. Consistent results 
were shown in a study by Newgard et al. [31]. The authors ob-
served that levels of the BCAAs valine and leucine/isoleucine 
were 20% and 14% higher respectively, in obese compared to 
lean individuals. In line with these observations, concentra-
tions of BCAAs were positively correlated with BMI in children 
and adolescents aged 8–18 years [32]. Interestingly, some 
studies show a stronger correlation of obesity and insulin 
resistance with BCAAs than with lipid metabolites [5, 22].

In another study aimed to investigate the association 
between plasma BCAA, obesity and metabolic syndrome, 
Jennings et al. [33] found that overweight/obese group 
with metabolic syndrome had the highest levels of each 
BCAA, overweight/obese participants without metabolic 
syndrome had intermediate levels and normal weight in-
dividuals had the lowest levels of plasma BCAA. Moreover, 
there was a positive correlation between isoleucine lev-
els and waist circumference as well as HOMA-IR among 

overweight/obese individuals irrespective of the metabolic 
syndrome status [33].

In a study aimed to detect the metabolic differences be-
tween metabolically healthy obese (MHO) and metabolically 
unhealthy obese (MUO) phenotypes significant alterations 
in amino acid concentrations were observed [34]. Both MHO 
and MUO individuals had higher serum concentrations of 
valine, isoleucine and leucine compared to lean healthy 
(LH) subjects. Of the three BCAAs isoleucine showed the 
most significant changes of an increase up to 40% in MUH 
individuals and 26% in MHO. Moreover, an association be-
tween BCAAs and insulin sensitivity was supported in this 
study by a positive correlation between BCAAs and HOMA-IR 
and HbA1c values.

bCaas and PCoS
Since the pathogenesis of PCOS is linked to the develop-

ment of metabolic disturbances, such as insulin resistance, 
prediabetes, type 2 diabetes and obesity, which lead to vari-
ous complications and increase the morbidity and mortality 
among those patients, many recent studies have focused 
on finding novel biomarkers that could predict the develop-
ment of the aforementioned disorders [35].

A review by Galazis et al. [35] aimed to identify a panel 
of metabolomics biomarkers that could potentially help 
in early detection of impaired glucose tolerance (IGT) and 
type 2 diabetes mellitus in women with PCOS and found 
9 compounds, among them leucine, isoleucine and valine.

A recent study by Chang et al. [5] was designed to exam-
ine the differences in metabolic pathways in obese women 
with PCOS and obese controls with metabolic syndrome. 
Firstly, the study showed that insulin sensitivity was more 
impaired in obese patients with PCOS than in those with 
metabolic syndrome, which suggest that greater insulin 
resistance is a key factor for the metabolic disturbances in 
PCOS. Moreover, PCOS women had higher LDL cholesterol 
plasma concentrations when compared to patients with 
metabolic syndrome. Interestingly, metabolomics analy-
sis showed a significant difference in 385 metabolites and 
metabolic pathways that distinguished patients with PCOS 
and those with metabolic syndrome. The strongest correla-
tion was observed for amino acid metabolites, especially 
elevated concentration of BCAAs distinguished PCOS from 
metabolic syndrome.

Consistent results were obtained by Zhao et al. [4]. Valine 
and leucine were closely related to insulin resistance and 
obesity in PCOS patients [4]. Moreover, a decrease of BCAA 
to aromatic amino acid ratio, accompanied by elevated 
levels of valine and leucine was directly associated with the 
development of PCOS [4, 10].

In a 7.5-year longitudinal study on Finnish girls, a posi-
tive correlation was observed between all amino acids and 
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HOMA-IR, both before and after menarche [36]. The stron-
gest association with insulin resistance during pubertal 
development, independent of adiposity was observed for 
BCAAs [36].

ConCluSionS
In summary, several recent studies indicate that BCAAs 

might be used a as potential novel risk factor for the meta-
bolic disturbances in women with PCOS. However, further 
research is warranted to explore the exact role these bio-
markers may play in the pathophysiology of PCOS.
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abStraCt
The main reason for treatment failure in ovarian cancer is chemoresistance and the presence of metastasis. Ascites, which 
allows the physical movement of cancer cells, the lymphovascular pathway, and several molecular factors and signalling 
axes, are involved in metastasis. 

Ascites, with the involvement of cytokines and chemokines, MAPK/STAT1 and NOTCH as well as CXCL12/CXCR4 signaling 
pathways and circulating anoikis induces cancer dissemination, in particular to the peritoneum and omentum. 

The spread of lymphatic and bloodstream cancer cells is a multi-stage process. Tumour infiltration of the stroma and 
lymphovascular space (LVSI) produces biologically active cancer-associated fibroblasts and macrophages (CAFs, TAMs) 
that secrete numerous cytokines, chemokines and growth factors, inhibit NK function, induce epithelial-mesenchymal 
transition (EMT), resulting in an increase of the metastatic potential of cancer cells and the formation of cancer stem 
cells (CSCs). 

Overexpression of some genes, and microRNAs, in LVSI-(LMGS) associated with metastasis has been identified. 

The role of extracellular vesicles (EVs) transporting metastasis-associated factors has been described as has the role of 
cancer stem cells (CSCs) in chemotherapy resistance and metastasis. Sirtuins, enzymes involved in metastasis formation, 
have also been detected. Certain types of microRNAs (miR-509-3p, microRNA-506-3p) and melatonin have been shown 
to inhibit metastasis.
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introduCtion
Ovarian cancer (OC) is the seventh most common malig-

nancy in women worldwide. It is the leading cause of death 
among all gynaecological cancers. More than 70% of ovar-
ian cancers are diagnosed in advanced clinical stages. After 
successful primary therapy, approximately 80% of patients 
are found to have recurrent ovarian cancer with a 5-year 
survival rate of 25–35%. In 90% of cases ovarian cancer is 
the cause of death [1–3].

The primary type of OC is epithelial carcinoma with five 
subtypes, among which high-grade serous ovarian cancer 
(HGSC) is the most aggressive and associated with a poor 
prognosis [4–7].   

Chemo-resistance and metastasis, in addition to the 
clinical stage of cancer, are fundamental reasons for treat-
ment failure. Metastasis is a complex process in which cancer 
cells migrate to different parts of the body, acquire invasive 
features, and cause the formation of new cancer foci. 

The mechanism of metastasis is regulated by specific 
genes using various cytokines, chemokines, growth factors, 
signalling pathways and intercellular interactions. Metasta-
sis is associated with high death rates [8–16]. 

A considerable number of molecular mechanisms in-
volved in metastasis have been described, as well as path-
ways involved in this process. According to Kim et al. [4],  
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the presence of ascites modulates the behaviour of cancer 
cells released from the tumour, contributing to tumour het-
erogeneity related to different responses to treatment. As-
cites forms a microenvironment containing various factors: 
cytokines- IL-6 and IL-8, IL-10, pro-angiogenic VEGF, stromal 
cells — including a fraction of cancer-associated fibroblasts 
(CAFs) — that promote cancer cell proliferation, migra-
tion, invasion, and chemoresistance. Aggregates of cells, 
spheroids, with typical stem cell expression were isolated 
from ascites: CD 44 and CD 24 which represent the chemo-
resistant population and cells expressing metastasis-related 
genes including TGF-β and integrin [4, 17]. 

Ascites contains a significant number of proteins and 
exosomes, the extracellular vesicles (EVs) involved in trans-
ferring information between metastatic cells [4, 18]. 

According to Weidle et al. [17], ascites fluid, in addi-
tion to the physical condition that allows the movement 
of exfoliated cancer cells, promotes the interaction of can-
cer cells with the microenvironment and the induction 
of multiple pathways that promote metastasis, including 
MAPK/STAT1 and NOTCH. 

Furthermore, metastasis is favoured by the activation of 
some chemokines and their receptors, including CXCL12- 
-CXCR4 axes, as well as the overexpression of transmem-
brane tyrosine kinase C-MET promoting cancer dissemina-
tion [19, 20].  

In the promotion of ovarian cancer dissemination, at-
tention has been paid to the resistance of anoikis — cells 
detached from the tumour that have acquired metastatic 
features and which under non-adherent conditions can cir-
culate as CTCs (circulating tumour cells) participating in 
metastasis formation [18].  

The presence of ascites, as well as tumor-stromal in-
teraction, TGF-α excreted by ovarian cancer cells and CAF- 
-secreted TGF-α together with EGFR, AKT and ERK signalling 
pathways promote metastasis to the omentum [14].  

Lymphatic and vascular dissemination play a key role 
in the formation of both intraperitoneal and distant me-
tastases [21, 22].

The initial stage of this process is neoplastic infiltration of 
the stroma and the presence of cancer cells in the lympho-
vascular space invasion (LVSI). The tumour-infiltrated lining 
contains numerous biologically active cells, including the 
aforementioned fibroblasts — CAFs and tumour-associated 
macrophages (TAMs). CAFs produce cytokines and chemo-
kines of autocrine and paracrine function as well as growth 
factors including CXCL1, TGF-α, VEGF1, IL-6, IL-8, COX-2, and 
overexpress the homeotic gene HOXA9 associated with the 
promotion of the cancer microenvironment [21, 23]. 

CAFs also enhance the expression of matrix metallo-
proteinases (MMPs) and induce epithelial-mesenchymal 
transition (EMT) associated with the increased metastatic 

potential of the transformed cell [24]. TAMs secrete many 
factors such as TGF-β, IGF, and PDGF, inhibiting NK cell func-
tion, maintaining the metastatic niche, and helping to main-
tain CAFs activity [25].

The described activity of CAFs and TAMs facilitates can-
cer invasion and metastasis. Infiltration of the lining by 
CAFs is associated with a positive LVSI that correlates with 
increased serous cancer invasion and worse overall survival 
(p = 0.0205). Results of a targeted therapy study with fac-
tors secreted by CAFs and TAMs have been described and 
appear promising [21].

Numerous other factors are also involved in the meta-
static process of ovarian cancer: genetic factors, including mi-
croRNAs, extracellular molecules, stem cells, and many others.  

MEtaStaSiS-aSSoCiatEd GEnE SiGnaturE
Yue et al. [21] showed that cancer stromal activation 

is associated with a differentially expressed gene (DEC). 
They identified a lymphovascular metastasis gene signature 
(LMGS) with an increased expression that correlates with 
an increased risk of metastasis via the lymphatic and circula-
tory routes. These genes are POSTN, LUM, THBS2, COL3A1, 
COL5A2, FAP, and FBN1.  

It has been shown that there is a relationship between 
LMGS expression and TGF-β pathway activation. Since TGF-β 
has been shown to be an essential factor in fibroblast activa-
tion and CAFs formation, therefore CAFs also contribute to 
LMGS overexpression. The cited paper describes the results 
of a phase I and phase II study of targeted therapies currently 
under development that are associated with overexpression 
of the genes under investigation [21].   

thE rolE of micrornas in MEtaStaSiS
MicroRNAs (miRNAs) are a family of small non-coding 

RNAs that regulate the expression of approximately 50% 
of protein-coding genes. They play a crucial role in cell 
cycle regulation, proliferation, differentiation, motility, and 
apoptosis. In addition, they participate in angiogenesis, 
epithelial-mesenchymal transition (EMT), and resistance of 
cancer cells to chemotherapy. According to several studies, 
they too are involved in metastasis but may also be suppres-
sors of cancer dissemination [8, 11, 26–29].   

Braga et al. [11] showed that non-coding RNAs (ncRNAs) 
are involved in ovarian cancer progression and metastasis 
by participating in EMT, in which the cell acquires charac-
teristics typical of a stem cell. 

Similarly, Ghafouri-Farad et al. [29] showed that a num-
ber of microRNAs, including miR-135a, miR-200c, miR-216a, 
and miR-340 regulate EMT by modulating cell invasiveness 
through mTOR and PI3K/AKT pathways. According to the 
authors above, these microRNAs may have applications as 
biomarkers and provide a therapeutic perspective.
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Another paper reported the study of miRNA-205 con-
tained in exosomes, which promotes metastasis by inducing 
angiogenesis via the PTEN-AKT pathway [28].  

Loginov et al. [26] detected 20 abnormally methylated 
miRNA genes involved in different stages of ovarian cancer 
development and metastasis to various locations, including 
the peritoneum. They demonstrated a significant correla-
tion between methylation levels and the presence of mi-
croRNAs in metastases. Among the genes studied, thirteen 
miRNAs were hypermethylated at early stages of cancer 
development and hypermethylation of MIR-1258, MIR203A, 
MIR137 and MIR375 was evident in metastatic foci. They 
also identified three miRNA genes (MIR148A, MIR9-1, and 
MIR193A) that regulated EMT and were present in macro-
scopic peritumoral nodules. 

A review by Nguyen et al. [8] reported the diverse role 
of microRNAs in ovarian cancer metastasis. Some microR-
NAs exhibit metastasis-related activity; these microRNAs 
showed increased expression and were present in tumour 
tissues. Their presence correlated with a clinical grade, 
omental or lymph node metastasis, presence of ascites, or 
recurrence. Many anti-metastatic miRNAs with decreased 
expression in ovarian cancer tissues were also detected 
— e.g., miR-509-3p inhibiting migration, invasion, and ste-
roid formation, positively associated with HGSC survival. 

Sun et al. [27] described microRNA -506-3p that inhibits 
ovarian cancer metastasis by decreasing the expression of 
EZH2 (enhancer of zeste homolog 2), a key transcription 
factor in tumour development. Some miRNAs were found 
to be present in exosomes or circulating body fluids [8].  

EXtraCEllular VESiClES (EVs) in 
MEtaStaSiS

Exosomes are spherical membrane nanobubbles of 
30–100 nm in size, which are carriers of various biologi-
cal molecules, including genetic material. They participate 
in the modulation of intercellular communication, the 
immunological activity of fibroblasts, macrophages, and 
angiogenesis. Proteins and microRNAs are transported in 
exosomes, thus participating in cancer metastases [13, 28].  

In a review by Tian et al. [13], EVs were shown to play 
a role in drug resistance, as well as the progression and 
promotion of metastasis. For example, the cell adhesion 
molecule CD44 is translocated by EVs from cancer cells 
to peritoneal mesothelial cells, thereby initiating metasta-
sis. CD147-containing vesicles released from ovarian cancer 
can induce angiogenesis both by expressing E-cadherin on 
their surface and by using PTEN-AKT and STAT3 signalling to 
facilitate peritoneal and omental metastasis [28, 30].

Studies show that ascites-derived EVs affect EMT in cells 
by translocating miR-6780b-5p to target organs, preparing 
the microenvironment for tumour growth [31].   

The promotion of EMT by EV-containing factors is as-
sociated with the development of cancer stem cells (CSCs) 
responsible for carcinogenesis. 

CanCEr StEM CEllS in MEtaStaSiS
CSCs are a small subpopulation of cells, accounting for 

about 2% of tumour mass, but appear to play a key role in 
chemotherapy resistance and metastasis. They most likely 
arise from somatic stem cells that have transformed due 
to genetic and epigenetic factors. They have the ability to 
self-renew, residing in an inactive state as “dormant cells”, 
and are capable of DNA repair. Ovarian cancer CSC markers 
have been identified: CD44, CD133, CD24, CD117, Nestin, 
Nanog, Oct3/4, as have functional markers: ALDHA1 and 
ABC (associated with cytostatic resistance). They exploit vari-
ous signalling pathways: PI3K/AKT/mTOR, MAPK, NOTCH, 
and canonical Wnt [5, 32–35]. 

Some cells with the CD24 phenotype have been found to 
have strong renewal properties, are resistant to chemother-
apy, play a role in CSCs migration, metastasis and promote 
interactions between CSCs and the tumour microenviron-
ment [5, 36]. According to Kleinmans et al. [37], CD24 is over-
expressed in 70% of solid tumours, including ovarian cancer. 
It may serve as a preclinical and clinical biomarker of OC and 
perhaps a future target for therapy. Other studies provided 
similar data. Tarhriz et al. [38] found CD24 to be an important 
molecule.  Overexpressed in OC, CD 24 is a CSC marker and 
is associated with ovarian cancer development, invasion and 
metastasis. According to the above authors, CD24 may be 
an independent survival indicator for OC patients.

CSCs achieve their metastatic potential through multiple 
mechanisms. One such mechanism may be the inhibitory 
effect on the apoptosis pathway and the exploitation of the 
NF-kB signalling pathway. Inhibitors that reprogram chemo-
resistance have already been described (e.g., PFKFB3 inhibi-
tor). This issue, however, needs further investigation [12].  

Another pathway of metastatic activity of CSCs is the 
activation of the angiotensin II (ANG II) pathway and its 
receptor (AGTR1), which enhance spheroid formation and 
cell migration, thus promoting metastasis, especially to 
the peritoneum. Studies are underway to influence lipid 
homeostasis and suppress endoplasmic reticulum (ER) stress 
which would decrease the formation of spheroids and the 
CSCs they contain [16]. 

othEr MEChaniSMS inVolVEd in 
MEtaStaSiS

Sirtuin deacetylases (SIRTs) are enzymes that cleave 
acetyl groups from various proteins. Of the seven groups 
of SIRTs, SIRT3 has been described to support metastasis, 
it has been found in ascites and peritoneal metastases in 
ovarian cancer.  
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The mechanism that promotes metastasis is the reduc-
tion of oxidants induced by oxidative stress. This facilitates 
the avoidance of anoikis apoptosis, whose detachment 
from the primary tumour is associated with rapid oxidative 
stress [9]. 

MElatonin
In vitro and in vivo studies have shown that chronic 

restraint stress (CRS) promotes OC abdominal metastasis 
and increases the expression of EMT-related markers — in-
cluding the transcription factor SLUG [39]. Increased ex-
pression of β-catenin and norepinephrine (NE) was found 
to be associated with poor clinical status in ovarian can-
cer patients. Melatonin (MLT) effectively inhibited tumour 
burden by inhibiting the complex NE/AKT/β-catenin/SLUG 
(catecholamine, proliferative-transcriptional) axis.

The authors believe these findings suggest a novel 
mechanism for CRS-mediated ovarian cancer metastasis, 
and MLT has potential therapeutic efficacy [39].
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introduCtion
A properly formed uterine cavity is formed as a result of joining the utero-vaginal canal of both Müller’s intrarenal 

ducts. Uterine development ends at 22 weeks of gestation [1, 2]. In the case of a unicornuate uterus, only one of the two 
Müller’s ducts is differentiated properly. According to the literature, the frequency of the unicornuate uterus anomaly 
is estimated between 0.1–2% in women [3]. In the patient described below, the defect of the uterus was classified as: 
Class 2/ U4a by the American Society of Fertility, the European Society of Human Reproduction and Embryology and the 
European Society of Gynecological Endoscopy that is: unicornuate uterus with uterine horn not communicating with  
the present endometrial tissue [1, 2].

Cyclical growth of the active hormonal endometrium located in the non-communicating corner of the uterus leads to 
accumulation of the menstrual blood inside the uterine cavity and then in the fallopian tube, causing abdominal pain [1, 3]. 
Initially, pain may be related to the painful menstrual cycle. Delayed diagnosis may cause the symptoms of endometriosis 
in the future, and in the procreation period may have an effect on obstetric failures [1–3].

A unicorned uterus with a non-communicating horn increases the risk of obstetric and gynecological complications.  
It should undergo surgical correction to limit processes such as ectopic pregnancies, hematometry or endometriosis [1–3].

CaSE PrESEntation
A case of a 13-year-old-girl with a unicornuate uterus with non-communicating uterine horn (class U4a in the  

ESHRE/ESGE classification) was reported. The patient was admitted to the Department of Pediatric and Adolescent Gy-

figure 1. Non-communicating uterine horn with right fallopian tube
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necology in Katowice from the Department of Pediatric Surgery due to complaints of worsening lower abdominal pain 
and with the suspicion of didelphys uterus. She experienced regular menstrual cycles from menarche at the age of 12. 

For over 3 months, the girl had a few episodes of severe lower abdominal pain following her menses. A physical ex-
amination was unremarkable with normal secondary sexual characteristics.

During the hospitalization, transabdominal ultrasonography of the pelvis revealed a didelphys uterus, right sized at 
45 x 33 mm, uterine cavity measured as 18 mm filled with blood similar to hematometra, left uterus 33 x 24 mm, endo-
metrium measuring about 8 mm. Pelvic magnetic resonance imaging (MRI) revealed a normal uterus on the left side with 
a properly developed vagina, the uterine cavity on the right side was dilated measuring 18 mm, vagina on the right side 
was not visible. The inflammatory markers were in the normal range.

Laparotomy showed a unicornuate uterus with a normal cervix with a non-communicating uterine horn on the right 
side, the ampulla section of the fallopian tube was enlarged and distended with bloody fluid, the right ovary was the proper 
size. The girl was treated with surgical resection of the right non-communicating uterine horn and fallopian tube. The left 
tube and both ovaries were preserved. After the procedure, the patient was comfortable during the postoperative period.

A further follow-up of the patient was recommended.

ConCluSionS
In the diagnosis of Müller duct anomalies, it is important that the patient undergoes appropriate imaging diagnos-

tics. A 2D, 3D ultrasound, MRI or hysterosalpingography should be considered [1, 3]. Patients with a unicornuate uterus 
after resection of the non-communicating horn of the uterus with appendages have a worse obstetric prognosis due 
to poorer blood supply to the reproductive organ and limited possibilities of uterine enlargement with growth of the 
fetus. This may result in miscarriage, prematurity, intrauterine growth restriction, ectopic pregnancies, isthmus-cervical 
failure or uterine rupture or intrauterine death [1, 2].
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figure 2. Laparotomy —  unicornuate uterus with noncommunicating 
uterine horn

figure 3. Laparotomy — right ovary with right fallopian tube
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abStraCt
Hemimegalencephaly (HME), or unilateral megalencephaly, is a rare congenital brain malformation defined as 
overgrowth of one cerebral hemisphere or part of it resulting from abnormal cortical development and neuronal 
migration. However, cortical developmental abnormalities are rarely diagnosed prenatally. This is the reason for our 
study, in which we describe and compare ultrasound and MRI findings in a fetus with HME.
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Hemimegalencephaly (HME), or unilateral megalencephaly, is a rare congenital brain malformation defined as over-
growth of one cerebral hemisphere or part of it resulting from abnormal cortical development and neuronal migration.  
In addition to overgrowth, abnormal cortical development can manifest as polymicrogyria, agyria, pachygyria, lissencephaly, 
or grey matter heterotopia [1, 2]. The risk of chromosomal anomalies with HME is low but the risk of non-chromosomal 
abnormalities is relatively high. HME may be either isolated or associated with some neurocutaneous syndromes such 
as Proteus syndrome, epidermal nervus syndrome, tuberous sclerosis [1, 2]. Clinically, HME is associated with severe psy-
chomotor delay and intractable epilepsy. The prognosis is poor, and the only possible treatment is a hemispherectomy to 
control seizures [3]. Evaluation of HME may be made by ultrasound or magnetic resonance imaging (MRI) [1–5]. However, 
cortical developmental abnormalities are rarely diagnosed prenatally. This is the reason for our study, in which we describe 
and compare ultrasound and MRI findings in a fetus with HME.

A 45-year-old pregnant 
woman at 22 weeks of preg-
nancy was referred to our 
department due to ventricu-
lomegaly at anomaly scan. It 
was her fifth pregnancy, with 
no family history of central 
nervous system anomalies, 
and with a negative TORCH 
test result. A first trimester 
screening for aneuploidy was 
not performed. Ultrasound 
examination showed normal 
growth and normal anatomy 
except for the brain. Neuro-

figure 1. Hemimegalencephaly. Transventricular plane showing enlarged right cerebral hemisphere and 
the unilateral right side ventriculomegaly with midline shifted to the left. (a) 2D transabdominal ultrasound 
scan at 24 gestational weeks; (b) foetal MRI at 29 gestational weeks, FIESTA, axial plane
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a
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b

mailto:anna.3.wojtowicz@uj.edu.pl
https://orcid.org/0000-0002-4728-275X
https://orcid.org/0000-0001-6661-6893


678

Ginekologia Polska 2022, vol. 93, no. 8

www. journals.viamedica.pl/ginekologia_polska

sonography revealed unilateral right ventriculomegaly, the midline 
shifted to the left with right hemisphere overgrowth (Fig. 1A), and 
a head circumference in the 98th percentile. Transcerebellar section 
showed normal anatomy of the posterior fossa (Fig. 2). In the coronal 
plane, both the genu of the corpus callosum, and an abnormal and 
excessive gyration of the right hemisphere were visible (Fig. 3A). 
Hemimegalencephaly with gyral abnormality was suspected and the 
patient was referred for an MRI, by which, at 29 weeks of gestation our 
diagnosis was confirmed. Fetal MRI showed hemimegalencephaly of 
the right cerebral hemisphere with polymicrogyria and heterotopia 
(Fig. 1B and Fig. 3B). During pregnancy the head circumference 
and biparietal diameter remained greater than the 90th percentile.  
The mother underwent an elective cesarean section at 40 weeks’ 
gestation and gave birth to a male infant weighing 3710 g, Ap 

10 with birth head cir-
cumference of 38 cm 
(> 99th percentile). Ar-
ray-based comparative 
genomic hybridisation 
(aCGH) performed after 
birth from peripheral 
blood was normal and 
genetic counselling 
did not show any other 
signs of neurocutaneous 
syndromes. Postnatally 
the child was provided 
with neurological and 
rehabilitation care. No 
seizures were observed 
during the neonatal pe-

riod.
In conclusion, HME is a difficult but possible diagnosis to make using antenatal ultrasound. However, fetal MRI should 

be considered in cases where unilateral ventriculomegaly is diagnosed at ultrasound. In utero diagnosis of HME allowed 
a multidisciplinary approach for providing optimal prenatal and postnatal patient counselling and treatment. 
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figure 2. Hemimegalencephaly with normal anatomy of the 
cerebellum (2D ultrasound at 24 weeks of gestation)

figure 3. Hemimegalencephaly. Coronal view of the fetal brain showing an owergrowth of the right hemisphere 
and abnormally developed sulci and gyri (arrows): (a) transabdominal 2D ultrasound view at 24 weeks;  
(b) fetal MRI at 29 gestational weeks; SSFSE/T2, coronal plane, apart from abnormally developed sulci and gyri 
(arrows) hypointensity of the right cerebral white matter (asterisk) as a sign of migration abnormality is visible; 
IF — interhemispheric fissure; FH — frontal horn
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