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Awareness and practice of ergonomics
by gynecological laparoscopists in Turkey
Esra Tamburacı , Barış Mülayim
Antaya Research and Training Hospital, Antalya, Turkey

ABSTRACT
Objectives: Ergonomics in laparoscopy has been gaining increasing attention. The research literature on ergonomics is
growing worldwide; however, there are no studies or data from Turkey. Our study provides information on the awareness
and use of ergonomics in laparoscopic gynecology in Turkey.
Material and methods: A questionnaire consisting of 25 questions was sent by email to 225 laparoscopists who are
members of the Turkish Society of Gynecological Endoscopy.
Results: In response, 45.7% of the questionnaires were returned. Six respondents (5.9%) had never experienced pain,
and two respondents (1.9%) always experienced pain during or after laparoscopy. The shoulders, neck, and back were the
most common sites where respondents experienced pain. Most of the respondents (64.1%) utilized one monitor during
laparoscopic surgery, and only 2% of respondents utilized a monitor below eye level. Less than 50% of the respondents
were aware of ergonomic guidelines.
Conclusions: Even though less than half of the Turkish gynecological laparoscopist respondents were aware of ergonomic
guidelines, more than half used appropriate visual systems, operating tables, hand instruments, and had large enough
operating rooms. Only the number and level of monitors used by respondents were not in accordance with ergonomic
guidelines.
Key words: ergonomics; laparoscopy; gynecology; Turkey
Ginekologia Polska 2020; 91, 4: 175–180

INTRODUCTION
Laparoscopic surgery is the standard surgical method
in most gynecology departments in Turkey. Laparoscopic
surgeries are becoming incorporated into the gynecology
residency curriculum in Turkey, as well. As the number of laparoscopic surgeries increases, ergonomics is gaining much
more importance. However, is this borne out in practice? Are
practitioners aware of ergonomics during laparoscopy [1]?
The advantages of laparoscopic surgery for patients
are well known, such as less postoperative pain, shorter
recovery time, and better cosmetic results, but the hazards
or health risks for laparoscopists, such as musculoskeletal
disorders [2, 3] or an increased risk of vertebral disc prolapse
[4], are not yet well known. Laparoscopy is much more demanding than open surgery owing to visual changes, such
as two-dimensional vision and loss of depth perception, as
well as a lack of tactile sensation, less freedom of instrument
movement, more clutter, and the darkness of the room.

Laparoscopic ergonomics provides appropriate work
conditions such as the setup of the operating room and
better posture for laparoscopists. Poor posture is the main
cause of pain during laparoscopic surgery [5]. Appropriate
monitor height and position, table height, port placement,
and design of handheld instruments can improve poor
posture [6–8]. Correct ergonomics decreases musculoskeletal disorders, suturing time, and complications [9, 10].
Operating rooms can be inhospitable for laparoscopists
if ergonomic rules for laparoscopy are not followed. Much
attention is given to the operation itself, but to ensure that
a long-lasting, comfortable, pain-free, healthier, and less
complicated operation is performed, optimal laparoscopic
ergonomics must be provided.
More studies are publishing guidelines concerning ergonomics and musculoskeletal complaints experienced by
laparoscopists, which is a positive development, as these
issues directly affect laparoscopists. We therefore assessed
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the awareness of ergonomics among Turkish gynecological laparoscopists. To our knowledge, this is the first study
from Turkey to investigate laparoscopic ergonomics in gynecology.

MATERIAL AND METHODS
This study was carried out at Saglık Bilimleri University,
Antalya Research and Training Hospital, Antalya, Turkey. The
target group for this study included gynecological surgeons
who are members of the Turkish Society of Gynecological
Endoscopy who perform laparoscopic operations. The Local
Ethics Committee of the hospital issued an approval (2018–
–182) before any study-related procedures were conducted.
The participants provided written informed consent before
participation.
A questionnaire consisting of 25 questions that could
be completed in approximately 5 min was sent by email to
225 laparoscopists between September 1 and September 15,
2018. The subjects received an email with an explanation of
the study aims and were asked to fill out the questionnaire
on the internet. A total of 103 (45.7%) surveys were returned
during this period. The questionnaire utilized option buttons
when only one response could be given and checkboxes
when multiple responses could be given. The survey included demographic questions relating to sex, age, body height,
dominant hand, years of experience as a laparoscopist, level
of laparoscopic surgery, and laparoscopic surgery frequency
per week. It also included questions about pain and fatigue
during or after laparoscopy, and about monitor number and
height, table height, ancillary trocar sites, handheld instrument design, and awareness of ergonomic guidelines. The
questionnaire can be found in Table 1.

1. What is your gender?
Male
Female
2. What is your height in cm?
150–160
161–170
171–180
> 180
3. What is your dominant hand?
Left
Right
4. Which age range do you belong to?
20–30
31–40
41–50
> 50
5. How many years have you been performing laparoscopic surgery?
1–5
6–10
11–15
> 15
6. Which level do you perform laparoscopy?
Basic (tubal ligation)
Intermediate (ovarian cystectomy, salpingectomy)
Advanced (Total laparoscopic hysterectomy, myomectomy,
endometriosis surgery)
7. How many hours a week do you perform laparoscopic surgery?
1–5
5–10
10–15

RESULTS
Of the 225 contacted subjects, 103 responded to the
questionnaire via the internet, a response rate of 45.7%. However, there were 101 responses to question 9, 102 responses
to question 10, 101 responses to question 11, 102 responses
to question 15, 101 responses to question 16, 102 responses
to question 19, and 100 responses to question 24.
The characteristics of the respondents are presented in
Table 2. Sixty-five (63.1%) respondents were male, whereas
38 (36.9%) were female. Most (50.5%) of the respondents
were 31–40 years of age. Another 39 (37.9%) respondents
were 41–50 years old, 3 (2.9%) were younger than 30 years,
and 9 (8.7%) were older than 50 years. Most of the respondents were 161–170 cm (32%) or 171–180 cm (40.8%) in
height. The vast majority (100; 97.1%) of the respondents
were right-handed.
Regarding laparoscopy experience, 13 (12.6%) respondents had been performing laparoscopy for more
than 15 years, whereas 42 (40.8%) had been performing
176

Table 1. Questionnaire concerning Laparoscopic Ergonomics in
Gynecology

> 15
8. Do you feel pain during or after laparoscopy?
Never
Rarely
Sometimes
Often
Always
9. Which part or parts do you feel pain during or after laparoscopy?
You can select multiple options.
Neck
Shoulder
Back
Waist
Wrist
Arm
Leg
Foot
None

www. journals.viamedica.pl/ginekologia_polska
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Table 1. Questionnaire concerning Laparoscopic Ergonomics in
Gynecology (continued)
10. Have you received any treatment for your pain? (medical or
physical therapy)
Yes

Table 1. Questionnaire concerning Laparoscopic Ergonomics in
Gynecology (continued)
Ipsilateral
Contralateral
22. Can you use instruments that fit to your hand size?

No

Yes

11. Do you feel fatigue during or after laparoscopy?
Yes

No
23. Which handle type is your laparoscopic forceps?

No

Axial

12. How many monitors do you utilize during laparoscopy?
1

Angled ring
Angled shank

2

24. Which handle type is your laparoscopic needle holder?

3

Axial

>3

Finger grip

13. What kind of visual system do you have?

Pistol grip

Standard

have no needle holder

HD

25. Are you aware of laparoscopic ergonomic guidelines?

Full HD

Yes

Ultra HD (4K)

No

14. Can you adjust the height of your monitor?
Yes
Table 2. The characteristics of the 103 respondents

No

N (%)

15. At what level do you use your monitor?
Below eye level

Gender

At Eye level
Above eye level
16. Can you adjust the height of the operating table according to
your height?

Age group

Male

65 (63.1%)

Female

38 (36.9%)

20–30

3 (2.9%)

31–40

52 (50.5%)

41–50

39 (37.9%)

Yes

> 50

9 (8.7%)

No

150–160

9 (8.7%)

161–170

33 (32%)

171–180

42 (40.8%)

> 180

19 (18.4%)

Right

100 (97.1%)

Left

3 (2.9%)

1–5

42 (40.8%)

6–10

31 (30.1%)

11–15

17 (16.5%)

> 15

13 (12.6%)

Basic

6 (5.8%)

Intermediate

28 (27.2%)

17. At what level do you use the operating table?
Height of surgeon

Below the waist level
At Waist level
Above the waist level
18. Are you able to give the desired position to the patient? (stuck
arms, enough Trendelenburg position)

Dominant hand

Yes
Number of years in practice

No
19. Is your operating room large enough? (It must be at least 30–
40 square meters)
Yes

Laparoscopic surgery level

No
20. How do you activate your laparoscopic diathermic or ultrasonic
instruments?
By hand
By foot pedal

Surgery hours a week

By both
21. What is your preference for ancillary trocars?
Suprapubic, midline

Advanced

69 (67%)

1–5

62 (60.2%)

6–10

28 (27.2%)

11–15

8 (7.8%)

> 15

5 (4.9%)

The English in this document has been checked by at least two professional
editors, both native speakers of English. For a certificate, please see: http://
www.textcheck.com/certificate/y82Skc.
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19.4%

1.9%

29.1%

5.9%

Sometimes
Rarely
Often
Always
Never

15.5%
73.8%

Suprapubic-midline
Ipsilateral
Contralateral

10.7%

43.7%
Figure 4. Ancillary trocar site preference
Figure 1. Pain during or after laparoscopy

68.9%

Shoulder
Neck
Back
Waist
Wrist
Arm
Leg
Foot
None

5 (5%)
0

41 (40.6%)
37 (36.6%)
35 (34.7%)
31 (30.7%)
25 (24.8%)
20 (19.8%)
19 (18.8%)
11 (10.9%)

10

20

30

40

Below eye level
Eye level
Above eye level

29.4%

31.1%

50

Figure 2. Pain in affected body parts during or after laparoscopy

2%
68.6%

Figure 3. Monitor level preference

laparoscopy for only 1–5 years. A total of 69 (67%) respondents stated that they could perform advanced laparoscopic
surgery such as total laparoscopic hysterectomy, myomectomy, and endometriosis surgery. Sixty-two (60.2%) respondents reported that they perform laparoscopy 1–5 hours per
week, whereas 28 respondents (27.2%) perform laparoscopy
6–10 hours per week.
Regarding pain during or after laparoscopy, 6 (5.9%)
respondents reported never experiencing pain, 30 (29.1%)
rarely experienced pain, 45 (43.7%) sometimes experienced
pain, 20 (19.4%) often experienced pain, and 2 (1.9%) always
experienced pain during or after laparoscopy (Fig. 1).
Figure 2 illustrates that the shoulders, neck, and back
were the most common sites where respondents experience
pain. Eight respondents declared that they receive physical therapy. Sixty-three (62.4%) respondents experienced
fatigue during or after laparoscopy.

178

Yes
No

Figure 5. Awareness of laparoscopic ergonomic guidelines

Most (64.1%) of the respondents utilized one monitor
during laparoscopic surgery, and 39.8% could adjust the
monitor height. Most of the respondents had high-definition (HD) (43.7%) or full HD (30.1%) visual camera systems. Monitors were utilized above eye level in 30 (29.4%)
respondents, at eye level in 70 (68.6%), and below eye level
in only 2 (2%) (Fig. 3).
Table height was defined as the distance from the tabletop to the floor. When the table was tilted, the tabletop
height was measured in terms of the waist height of the
laparoscopist when standing. The operating table was
utilized mainly at waist level by 56.3% of the respondents
and below waist level by 41.7%. Eight (7.9%) respondents
declared that their operating table was not adjustable.
Most (87.4%) of the respondents reported being able to
place patients in the desired position (correct arm position,
Trendelenburg angle, etc.). Eighty-four (82.4%) respondents reported that the operating room was large enough.
Seventy-seven (74.8%) respondents could activate laparoscopic diathermic or ultrasonic instruments via either hand
controls or a foot pedal. Seventy-two (69.9%) respondents
reported that they had the opportunity to use instruments
that fit their hand size. Angled ring forceps (79.6%) and
axial handle needle holders (64.0%) were utilized by most
of the respondents. Ipsilateral ancillary trocars were generally preferred (73.8%), as shown in Figure 4. Less than fifty
percent of the respondents were aware of ergonomic
guidelines as shown in Figure 5.
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DISCUSSION
Laparoscopy is gaining popularity around the world,
including in Turkey. As laparoscopy is being performed
more frequently, greater attention and importance are being placed on ergonomics in laparoscopy. Studies on ergonomics are increasing in the medical literature worldwide;
however, there are no studies or data from Turkey. Our study
provides information on ergonomics of gynecological laparoscopists from Turkey.
Laparoscopy has several advantages for the patient, but
is it also beneficial for laparoscopists? Laparoscopy is much
more strenuous than open surgery. Continuous isometric
muscle contraction, which occurs during laparoscopy and
reduces muscle perfusion, resulting in decreased nutrient
flow and removal of waste products, which can lead to
muscle fatigue and pain. Due to prolonged static postures,
laparoscopists experience musculoskeletal discomfort and
fatigue of the lower back, neck, and shoulders. Wauben
et al. [1] found that of 284 surgeons and residents, nearly 80%
experienced discomfort in the neck, shoulders, and back.
The most frequently affected body areas were the shoulders,
lower back, and neck (45%, 26%, and 15%), respectively.
A total of 72.9% of respondents were currently suffering or
had previously suffered from musculoskeletal complaints
in a study by Janki et al. [2]. Respondents most frequently
reported experiencing pain in the neck, (lower) back, and
shoulders. Franasiak [11] reported that 88% of laparoscopic
gynecological surgeons experienced physical discomfort,
particularly neck, shoulder, and back pain, related to minimally invasive surgery. Our results are consistent with the
literature with respect to the rates of musculoskeletal complaints and fatigue, and the locations of musculoskeletal
complaints.
One of the most important aspects of laparoscopy
is the quality of the visual system. Task performance is
best when the screen is placed directly in front of the
surgeon at an angle of less than 15° between the viewing direction and working direction, in line with his/her
forearm–motor axis. Also, a downward viewing direction
of 15° is suggested as the most neutral viewing direction
for the extraocular muscles, or 20 cm below the height of
the surgeon [12, 13]. The distance between the monitor
and the surgeon also impacts eyestrain. Van Det et al.
suggested a preferred distance of 80–120 cm to avoid
excessive accommodation, convergence, and staring [14].
The distance of the monitor should be three to nine
times greater than the diagonal distance of the monitor screen; however, the minimum distance should be
90 cm, irrespective of monitor size, according to Shallaly
and Cuschieri [15].
Although over 75% of our respondents had HD, full HD,
or 4K camera systems, more than half had only one monitor,

whereas at least two monitors should be used. Moreover,
although almost half of respondents are able to adjust the
height of their monitors, only 2% use their monitors below
eye level. This suggests that laparoscopic surgeons have not
given enough attention to this aspect of ergonomics. This
may be the reason the surgeons experience pain during
or after the operation, even though most (almost 90%)
respondents reported spending little time (less than 10 h)
in surgery per week.
Concerning table height, almost all respondents (98%)
used tables below or at waist level. Moreover, 92% of respondents could adjust the table height according to their
body height and thus have suitable tables for laparoscopic
operations. The potential issue with this is if the surgeon and
co-surgeon are of different heights, but this can be solved
using a step or platform.
Task difficulties are lowest when the handles of the
instruments are positioned at, or 5 cm above, the elbow
height of the surgeon; in other words, the angle range at the
elbow should be 90–120°. To maintain instruments at elbow
height, the ergonomic operating surface height should be
70–80% of the surgeon’s ground-to-elbow distance, usually
65–100 cm. The optimal table height is influenced by the
elbow angle, instrument handle design, extracorporeal
instrument shaft length, and port location. Proper trocar
placement is an essential step in the laparoscopic approach
for optimal vision of the operative field and enhanced recognition of structures and pathologic conditions. Correct
trocar placement can minimize instrument and scope interference (the “dueling swords” phenomenon), optimize
ergonomics, decrease mental and muscular fatigue, cut
down on lost time and effort, and thereby markedly increase safety and ensure good surgical practice. There is no
uniform consensus on port placement, and it is necessary
to understand triangulation and optimal angles to better
understand port placement. Trocars are usually placed in
triangular fashion; the target organ should be 15–20 cm
from the center port used for the optical trocar, and the
remaining trocars are placed in a 15–20 cm arc at 5–7 cm
on either side of the optical trocar [16]. The best ergonomic
layout for endoscopic surgery consists of a manipulation
angle ranging from 45° to 75°, with equal azimuth angles
[17]. In our survey, most of the respondents utilized ancillary trocars ipsilaterally; this is likely because the suturing
courses of the Turkish Society of Gynecological Endoscopy
utilize ipsilateral ancillary trocars rather than suprapubic or
contralateral ones.
Appropriate patient positioning is very important during laparoscopic surgery; in particular, the arms should be
tucked in, the buttocks should be near the table edge, and
the patient should be in the 15–30° Trendelenburg position
while operating. Nearly 90% of our respondents had no
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problem with appropriate patient positioning, which is very
good. In our clinic, the modified lithotomy position, called
the Lloyd Davies position, is used.
There is no consensus on the design of handheld instruments, but we know that one size or design does not
fit all. Interestingly, more than 50% of our respondents
had the opportunity to use whatever handheld instruments they desired and those that fit their hand size,
which is very uncommon among laparoscopists around
the world.
In general terms, a laparoscopist must squeeze harder,
bend the wrists more, and hold his/her arms higher when
using laparoscopic instruments compared with open instruments. Together, these factors can produce substantial hand
and shoulder fatigue and discomfort during laparoscopic
surgery. The instrument handle should be designed according to the task performed: pistol-type handles for tasks
that require force and precision-type handles for tasks that
require precision.
Limitations of the study are the sample is not representative of the entire Turkish gynecological laparoscopists
community and it is not based on objective data due to it
is a survey study.
In conclusion, although less than half of the Turkish
gynecological laparoscopists who responded to our survey
were aware of ergonomic guidelines, more than half of
them had appropriate visual systems, operating tables, and
handheld instruments and large enough operating rooms.
In our study, although there was less pain and loss of
labor compared to other studies, the lack of awareness
about ergonomics was similar. In order to reduce the risks
of injuries for both surgeons and surgeons-in-training, medical sectors should attach more importance to ergonomics. Although many sectors other than the medical industry
place emphasis on ergonomics, most surgeons still lack
ergonomic training [18].
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ABSTRACT
Objectives: The role of human papilloma virus (HPV) in the development of cancerous states of female reproductive tract
has been widely debated. However, the information about presence of HPV in the Caucasian women living in the central
Europe diagnosed with vulvar intraepithelial neoplasia (VIN) is missing. So far, no recommendation was made to complete
HPV detection in time of vulvar biopsy or after the results of positive VIN are obtained. We aimed to assess the presence of
HPV in women with vulvar intraepithelial neoplasia diagnosed at the Department of Gynecology, Obstetrics and Oncological Gynecology in Bytom, Poland.
Material and methods: The retrospective examination of 120 consecutive vulvar biopsies obtained from women with
persistent vulvar itching was done. Only patients with diagnosis of VIN were included in the further analysis. HPV DNA
was detected using HPV Linear Array Genotyping Test including 14 HPV genotypes (16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, 66, 68).
Results: Out of 120 vulvar samples retrieved, 18 women were positive for VIN, including15 usual VIN (uVIN) and three differentiated type (dVIN ). 10 samples were eligible for DNA detection. HPV DNA was found in two women with uVIN (HPV
16 and 51).
Conclusions: It is advisable to recommend HPV genotyping in women with VIN, regardless of their age and histologic type.
The incidence of HPV infection in Caucasian women from the central Europe with VIN should be further studied.
Key words: vulvar intraepithelial neoplasia; human papilloma virus; vulvar itching
Ginekologia Polska 2020; 91, 4: 181–184

INTRODUCTION
Human Papilloma Virus (HPV) infection has been identified as an important factor for subsequent carcinogenesis in
women of all ages [1, 2]. In recent decades, the incidence of
vulvar intraepithelial neoplasia (VIN) increased with concurrent decrease in the age of women suffering from this disease
[3]. It is a premalignant vulvar skin disorder that often causes
severe and long-lasting pruritus, pain and psychosexual
dysfunction. HPV– associated VIN is the most common in
women from 30 to 40 years old [4]. Previous data from Poland
show 15% prevalence of HPV in vulvar cancer tissue with
a predominant type 16 (71%), which was recently underlined
in report by Nowakowski et al. [5, 6]. In the Estonian study,
high-risk HPV (16, 18, 31, 33, 45, 52, 58) was present in 90%

of vulvar cases [7]. In Czech, as many as 37% of randomly
enrolled women were detected positive for HPV during the
observational vaccination study [8]. Recent Austrian study
showed 23% of vulvar cancers had been HPV positive, with
more than 90% of them being a single-type infection [9].

Objectives
There is a gap in reporting of HPV detection among
Caucasian women from central Europe with vulvar intraepithelial neoplasia. Currently, it is not a standard procedure
to evaluate HPV status in time of vulvar biopsy. Thus, we
retrospectively evaluated vulvar samples obtained during
diagnosis of persistent vulvar itching, with special focus on
VIN patients.
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MATERIAL AND METHODS
Material
The study included 120 subsequent vulvar biopsies
obtained from women undergoing vulvar sampling due
to persistent vulvar itching (more than six months). The
Ethics Committee of Medical University of Silesia granted
the permission for this study. Only patients with positive
diagnosis of VIN were included in further HPV genotyping.
Two paraffin blocks were used for further processing
and one was used as back-up sample. At least, two paraffin
sections were systemically obtained for each paraffin block.

Methods
Pathologic diagnosis
Pathology review was done by an experienced pathologist (B.D.) and confirmed by immunohistochemistry.
Sections (4 µm) from formalin-fixed, paraffin-embedded
tissues were cut and placed on salinized slides. Following
deparaffinization in xylene, slides were rehydrated in graded
alcohol and washed in deionized water. Antigen retrieval
was performed by cooking slides for 20 minutes at 95°C in
Heat-Induced Epitope Retrieval Buffer (Thermo Scientific,
Fremont, USA): for p16 — pH6, for p53 — pH9. Endogenous peroxidase activity was blocked with 3% hydrogen
peroxidase. To block the possibility of non-specific binding
of antibodies to other proteins, sections were incubated
with Protein Block (Thermo Scientific) for 5 minutes. Then,
slides were incubated in humidified chamber with primary
antibodies: p16 INK4A (MX007 clone, dilution 1:200, Immunologic, Netherlands) for 40 minutes at room temperature,
p53 (D07 clone, dilution 1:300, Cell Marque, USA) for 30 minutes at room temperature. After washing with Tris-buffered
saline 3 times for 3 minutes, the sections were treated with
Primary Antibody Amplifier Quanto and then HRP Polymer
Quanto (Thermo Scientific). For the visualization was used
3-3´-diaminobenzidine DAB Quanto (Thermo Scientific). Finally, tissue sections were counterstained with hematoxylin,
dehydrated and covered with coverslips.
Based on extent of immunolabeling, p16 (nuclear and cytoplasmic staining) and p53 (nuclear staining) immunoexpressions were recorded as positive (+), focal positive or negative (–).

DNA extraction
DNA from FFPE samples was isolated according to the
protocol of the supplier of AllPrep DNA/RNA FFPE Kit (Qiagen, Germany). Briefly, three sections of the paraffin sample
block were deparaffinized with xylene, and then lysed with
PKD buffer and proteinase K for 30 min. After isolation of
total RNA, DNA was extracted with additional lysis step with
ATL Buffer and proteinase K. Elution of DNA was done with
supplier buffer ATE. DNA concentrations were determined
using spectrophotometer (Nanodrop2000, ThermoScien182

tific, USA). The amount and quality of the obtained DNA
was poor.
Subsequently, for removal of all organic solvents, DNA
was purified with Agencourt AMPure XP solution (Beckman Coulter, USA).

HPV genotyping
Multiple, simultaneous, detection of 37 HPV genotypes
on archival tissues was conducted with the use of Linear
Array HPV genotyping test (Roche Diagnostics, Germany).
For diagnostic purposes test is validated only on specimens
collected in cobas® PCR Cell Collection Media or PreservCyt
Solution. The sensitivity of this test was also confirmed previously on frozen tissues, when compared with conventional
PCR/sequencing [10]. Here, we attempt to use the test on
archival FFPE samples. From 50 ng to 500 ng of DNA were
tested for high- and low-risk HPV DNA according to the manufacturer’s protocol with exemption of specimen preparation,
which was done as already described above. The rest of the
procedure was conducted exactly as recommended by the
manufacturer of Linear Array HPV Genotyping and Detection
kit. Briefly, 50 µL of DNA was mixed with 50 µL od Master Mix
comprising, inter alia, AmpliTaq Gold DNA Polymerase and
pool of biotinylated primers to polymorphic L1 region of the
HPV genome that are designed to amplify 13 high risk and
24 low risk HPV genotypes. The amplification reaction was set
on 96-Well GeneAmp PCR System 9700 (Applied Biosystems,
USA). After amplification denaturing solution (DN) was added
to PCR products. Denatured amplicons were hybridized on to
the strips containing specific probes for HPV genotypes and
β-globin reference genes and detected with the colorimetric
reaction with Streptavidin-horseradish peroxidase. Positive
reactions were visualized as blue bands on the strip.

RESULTS
Pathology review revealed 18 (18/120; 15%) patients
who were diagnosed with vulvar intraepithelial neoplasia.
After DNA extraction from embedded tissue in paraffin, only
10 samples (10/18; 55%) were eligible for further HPV genotyping. Table 1 presents procedures that were undertaken
in cases of primarily failed DNA detection for 8 patients.
Table 2 presents detailed analysis of each patient status
including their age, p16 and p53 staining, HPV presence. Out of
ten samples, two (20%) were positive for high-risk HPV: 16 and
51. Figure 1 presents example of positive genotyping for HPV 51.

DISCUSSION
Results of this study indicate the need of assessment of
HPV status at time of VIN diagnosis. The reported incidence
of HPV in our group is slightly higher than in the previous
Polish report (20% vs 15%) [5], but remains comparable to
those presented by Austrian research (20% vs 23%) [9]. It is
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Table 1. Procedural modifications in patients with primary failed DNA detection
Patient Identification
1

2
3
4
5
6
7

8

Remarks for procedure protocol

DNA isolation ng/uL

280/260

260/230

NO RESULT

1A

According to protocol

432.7

1.92

2.24

No result

1B

First lysis — 30 min

316.9

1.79

2.31

No result

2A

According to protocol

–7.9

–23.59

1.77

No result

2B

First lysis — 30 min
Second lysis — 140 uL proteinase K

1.7

2.66

–0.38

No result

3A

According to protocol

40.5

1.44

2.06

No result

4A

According to protocol; after deparaffinization — gel

–2

–14

0.38

No result

4B

First lysis — 30 min

–15.2

–9.8

3.75

No result

5A

According to protocol

16.7

1.58

4.42

No result

5B

According to protocol

8.8

2.75

–1.04

No result

6A

According to protocol

14.5

1.52

1.7

No result

6B

First lysis — 30 min

–14.4

–12.36

1.47

No result

7A

According to protocol

–0.6

–0.066

0.78

No result

7B

First lysis — 30 min

–4.7

–0.66

2.8

8A

First lysis — 60 min

1

2.02

–0.022

8B

First lysis — 30 min
Second lysis —140 uL proteinase K

1.7

3.07

–0.57

No result

Table 2. Detailed analysis of retrieved samples (VIN status,
p53 status, p16 status)
Patient n0

VIN

VIN type

Age

p16

p53

1

VIN1

Usual

75

focal +

–

2

VIN1

Usual

58

focal +

–

3

VIN1

Usual

54

+

–

4

VIN3

Usual

69

+

–

5

VIN1

Usual

59

–

–

6

VIN1

Usual

51

+

–

7

VIN1

Usual

59

focal +

–

8

VIN3

Usual

53

+

–

9

VIN2

Usual

37

–

focal +

10

VIN1

Usual

66

+

–

HPV

HPV 16

HPV 51

below another world-wide report, which showed that 86% of
VIN2/3 cases had been HPV positive or 87% in all VIN [11, 12].
It is noteworthy, that 7 of 10 patients in our group had
VIN1 according to the previous classification, so this may
explain existing differences.
What is very important is we avoided previous limitation
to use separate biopsies for pathology and HPV analysis and
we simultaneously controlled for p16 and p53 staining [3].
The increase in p16 protein production is linked to elevated
transcription mediated by high-risk HPV-encoded oncoprotein E7 which inactivates Rb protein, releasing p16 from negative feedback control [13]. Yet, in our analysis both women
with positive high-risk HPV had negative staining for p16.

Figure 1. HPV 51 positive detection on HPV Linear Assay

Another strength of this study is that we did not limit
our inclusion criteria to one histological type of VIN [14].
Major limitation is the use of embedded vulvar tissue
requiring multiple steps to obtain sample available for HPV
genotyping. This may lead to unexposed HPV and underestimation of results. Similar methodological approach using
PapilloCheck microarray was previously presented and it has
shown prevalence of HPV as high as 90% [15]. Withal, the
main purpose of the study was to appraise the presence of
HPV among women undergoing vulvar sampling.

CONCLUSIONS
Finally, it is important to gain more knowledge on vulvar intraepithelial neoplasia as the incidence of VIN has
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increased in recent decades. uVIN almost doubled from
1.2/100 000 patients in 1992 to 2.1/100 000 in 2005 and
dVIN increased nine-fold from 0.013/100 000 patients to
0.121/100 000 [16]. Life-time risk of HPV infection is around
80% [17]. In light of recent findings, in which 9-valent HPV
vaccine comparing to historic placebo proved to diminish
by 94% incidence of vulvar or vaginal cancers, it seems
necessary to further study the presence of HPV in women
with vulvar intraepithelial neoplasia [18].
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ABSTRACT
Objectives: The aim of this study was to compare a combination treatment with CC plus letrozole versus gonadotropins
in CC-resistant polycystic ovary syndrome (PCOS) patients with regard to ovulation and clinical pregnancy rate.
Material and methods: One hundred sixteen CC-resistant infertile PCOS patients were evaluated retrospectively. The patients
were divided into two groups. Group 1 (n = 73) received CC plus letrozole, and Group 2 (n = 43) received gonadotropins.
Results: The ovulation rate in Group 1 was 65/73 (89%), the pregnancy rate was 13/73 (18%), the twin foetuses rate was
1/73 (1.3%) and the miscarriage rate was 2/73 (2.7%). In Group 2, the ovulation rate was 41/43 (95%), and the pregnancy
rate was 8/43 (19%) the rate of the twin foetuses was 1/43 (2.3%) and the miscarriage rate was 1/43 (2.3%). There was no
statistically significant difference in the ovulation (p = 0.25), pregnancy (p = 0.91), twin foetuses (p = 0.89) and miscarriage
p = 0.89) rates between two groups.
Conclusions: This new drug combination suggests that it may be a lower cost, lower risk alternative treatment that increases the rate of ovulation. Larger randomized clinical trials are needed to provide information on live birth rates of this
combination.
Key words: polycystic ovary syndrome; gonadotropins; clomiphene resistance; letrozole; ovulation induction
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INTRODUCTION
Polycystic ovary syndrome (PCOS) is a common cause
of infertility and is associated with chronic anovulation and
hyperandrogenaemia. PCOS affects 6% of women of reproductive age. Clomiphene citrate (CC) is considered the primary
treatment for inducing ovulation in PCOS patients. CC binds to
oestrogen receptors and acts as a selective oestrogen receptor
modulator. As negative feedback from oestrogen decreases,
gonadotropic hormones are secreted, which induces follicular
growth. CC has an antiestrogenic effect and has a negative
effect on endometrial thickness, which is believed to have
a negative effect on pregnancy despite high ovulation [1–3].

Letrozole is another widely used oral drug for ovulation
induction, with a different mechanism of action to that of CC.
Letrozole inhibits androgen-oestrogen conversion, which
leads to the secretion of follicle-stimulating hormone (FSH)
by suppression of oestrogen production. When administered to patients with CC-resistant PCOS, letrozole induces
ovulation in 54.6–84.4% of patients [4–7].
Gonadotropins can be used in case of resistance to CC
and letrozole. Luteinized hormone levels may be high in
CC resistant PCOS patients. Therefore, administration of
exogenous gonadotropins can further increase FSH and
luteinizing hormone levels [8].
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The aim of this study was to compare a combination
therapy with CC plus letrozole versus gonadotropins in
CC-resistant PCOS patients with regard to ovulation and
clinical pregnancy rate.

MATERIAL AND METHODS
The records of infertile patients who presented to the infertility polyclinic of Gazi Yaşargil Training and Research Hospital in South-Eastern Turkey between February 2017 and
November 2019 were retrospectively analysed. One hundred
sixteen CC-resistant infertile PCOS patients were evaluated
in two groups. In Group 1 there were 73 patients who received CC + letrozole treatment, whereas Group 2 consisted
of the remaining 43 patients who received gonadotropin
treatment. All patients underwent ovulation induction followed by intrauterine insemination.
PCOS was diagnosed according to the Rotterdam criteria: 1) oligomenorrhoea or chronic anovulation, 2) hyperandrogenism (clinical or laboratory) and 3) polycystic ovary
appearance on ultrasound [9]. CC resistance is mentioned
in the absence of ovulation although 150 mg of CC is taken
for 5 days in a three-month menstrual cycle period [10].
Infertile women with PCOS diagnosed according to Rotterdam criteria (2 out of 3) Patients (infertile women) with PCOS
were diagnosed according to Rotterdam criteria (2 out of 3)
aged between of 18 and 39 years with no pathological findings (e.g. sub-mucous myomas, endometrial polyps, uterine
septum, Asherman syndrome, endometriosis or hydrosalpinx)
detected by ultrasonography or hysterosalpingography and
normal tubal transition were included in the study. Exclusion
criteria: with a body mass index (BMI) of > 30 (we directed them
to the obesity center for their weakening, due to strong insulin
resistance) pregnancy; current hormonal contraceptionuse;
other known cause of infertility; uncorrected thyroid disease;
untreated hyperprolactinemia; medical conditions not well
controlled or not recommended during pregnancy (diabetes
mellitus, hypertension, endometrial hyperplasia/cancer); allergy or contraindications to letrozole, CC and gonadotropins;
and male factor in fertility. Male factor infertility was defined
as a sperm count of less than 15 × 106/mL, total motility less
than 40% or fewer than 4% normal forms, in accordance with
the criteria of the World Health Organization [11].
The patients were divided into two groups: a CC plus
letrozole group (Group 1, n = 73) and a gonadotropin treatment group (Group 2, n = 43). In Group 1, the patients received a combination of 2.5 mg of letrozole (Femara; Novartis, Basel, Switzerland) for 3 days (days of menstruation 5–7)
and 100 mg of CC (Serophene; Serono, Geneva, Switzerland)
for 5 days (days of menstruation 3–7 mg) for one treatment
cycle. Group 2 received recombinant follicle-stimulating
hormone (rFSH) (Gonal-F 900 pen; Serono, Geneva, Switzerland) from the third day of menstruation.
186

Farhi et al. [12]. showed that the ideal hCG administration
time in CC cycles for women with PCOS was in the 18–22 mm
range. All the patients were evaluated using transvaginal
ultrasonography on day 7 (the last day of CC plus letrozole
administration) of menstruation or after the diameter of the
largest follicle had reached 14 mm. If a dominant follicle was
present, the patients received a human chorionic gonadotropin (HCG) trigger (Ovitrelle; Serono, Geneva, Switzerland)
in a single dose via subcutaneous route when the follicle size
reached 18–22 mm, followed by intrauterine insemination
(IUI) 36–38 h later. Endometrial thickness was measured
along the sagittal axis of the uterus between echogenic
surfaces. We used a low-dose FSH regimen to minimize the
risk of multiple pregnancies and ovarian hyperstimulation
syndrome (OHSS. The initial daily dose of rFSH was set to
75 international units (IU) for 7 days from the third day of
menstruation. If the follicular diameter did not exceed 9 mm,
the daily dose was increased to 37.5 IU in the second week.
The primary outcomes were 1) ovulation, defined as
a progesterone level of > 3 ng/mL between D 21 and 23 and
2) clinical pregnancy was defined when an intrauterine gestational sac(s) was visible by ultrasonography. Secondary
outcomes included a multiple pregnancy and miscarriage.
The study protocol was approved by the regional ethics
committee of GaziYaşargil Training and Research Hospital
(approval no: 254).

Statistical analysis
The mean ± standard deviation (SD) were calculated for
quantitative variables. Qualitative variables are presented as
frequencies. The normality of the data was checked using
the Kolmogorov-Smirnow test. Using an alpha value of 0.05,
the power of our study calculated at 99%. The Student’s
t-test and Mann–Whitney U test were performed to compare
continuous variables with and without a normal distribution in the two groups. The Student’s t-test were performed
variables with a normal distribution (Age, BMI and EMT in
Tab. 1). Mann–Whitney U test were performed variables
without a normal distribution (Other variables in Tab. 1).
The proportional data were compared using a chi-squared
test and Fisher’s exact test (in Tab. 2, Ovulation, Pregnancy
and Follicles, n > 5 using a chi-squared test; Miscarriage and
Twin foetuses; n < 5 using a Fisher’s exact test).
A p value of < 0.05 was considered significant. All statistical analyses were performed using R-software v.3.5.1
(R Statistics Software; Institute for Statistics and Mathematics,
Vienna, Austria).

RESULTS
One hundred sixteen patients had CC resistant PCOS.
Seventy (96%) patients in Group 1 and 42 patients in Group 2
(98%) developed one or more mature follicles on the day
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Table 1. Demographic and laboratory results of the patients
Group 1
CC + letrozole
(n = 73)

Group 2
Gonadotropins p value
(n = 43)

Age [years]
(mean ± SD)

29.54 ± 6.68

30.06 ± 5.17

0.50

BMI [kg/m2]
(mean ± SD)

21.09 ± 1.48

21.46 ± 1.61

0.28

E2 at HCG
(mean ± SD)

288.1 ± 121.6.

285.4 ± 127.04

0.71

Progesterone
[ng/mL] (mean ± SD)

12.64 ± 7.5

13.43 ± 5.7

0.62

Basal E2 [pg/mL]
(mean ± SD)

46.41 ± 12.01

50.3 ± 11.70

0.81

LH [IU/mL]
(mean ± SD)

5.08 ± 1.72

4.98 ± 1.68

0.85

FSH [IU/mL]
(mean ± SD)

5.25 ± 1.40

5.92 ± 1.94

0.86

EMT at HCG [mm]
(mean ± SD)

9.04 ± 1.25

9.24 ± 1.13

0.77

Duration of infertility
[years] (mean ± SD)

3.49 ± 0.85

4.14 ± 0.76

0.05

Data are mean ± standard deviation; BMI — body mass index; CC
— clomiphene citrate; FSH — follicle-stimulating hormone; E2 — oestrodiol;
HCG — human chorionic gonadotropin; IU — international unit; LH
— luteinizing hormone; Age, BMI and EMT at HCG (The Student’s t-test were
performed variables with a normal distribution)
Other variables (Mann–Whitney U test were performed variables without
a normal distribution)

Table 2. Comparison of outcomes according to treatment groups
Group 1
CC + letrozole
(n = 73)

Group 2
Gonadotropins P value
(n = 43)

Ovulation, n (%)

65 (89)

41 (95)

0.25

Pregnancy, n (%)

13 (18)

8 (19)

0.91

Miscarraige, n (%)

2 (2.7)

1 (2.3)

0.89

Twin foetuses, n (%)

1 (1.3)

1 (2.3)

0.89

Mature Follicles
70 (96)
≥ 18 mm at HCG, n (%)

42 (98)

0.96

Data are mean n (percentage)
Ovulation, pregnancy, mature follicle ( n > 5 using a chi-squared test)
Miscarriage and twin foetuses (n < 5 using a Fisher’s exact test)

of application of the HCG trigger. The mature follicular ratio
in Group 2 [42/43 (98%)], was higher than that in Group 1
[70/73 (96%)], but there was no statistically significant difference between the two groups (p = 0.96). The ovulation
rate in Group 1 was 65/73 (89%), the pregnancy rate was
13/73 (18%), the twin foetus rate was 1/73 (1.3%) and the
miscarriage rate was 2/73 (2.7%). In Group 2, the ovulation
rate was 41/43 (95%), and the pregnancy rate was 8/43 (19%)
the twin foetus rate was 1/43(2.3%) and the miscarriage
rate was 1/43 (2.3%). There was no statistically significant
difference in the ovulation (p = 0.25), pregnancy (p = 0.91),

twin foetuses (p = 0.89) and miscarriage p = 0.89) rates
between two groups.

DISCUSSION
Letrozole and CC have different mechanisms of action;
These different mechanisms of action of the two drugs
may complement each other to increase ovulation rates as
compared to those achieved with gonadotropin use alone
[3, 8]. In this study, letrozole plus CC was compared with
gonadotropins in CC-resistant infertile PCOS patients retrospectively. There was no statistically significant difference
in the ovulation and pregnancy rates between two groups.
Previous research found no significant difference in
pregnancy rates between women with CC-resistant PCOS
who underwent IUI and were subsequently treated with
letrozole versus those who were treated with rFSH [13]. Similarly, there was no significant difference in the pregnancy
rates of women undergoing IUI who were treated with letrozole versus those treated with CC plus human menopausal
gonadotropin [14]. In a retrospective study on 132 women
with failed CC treatment and various causes of infertility, the
cumulative pregnancy rate after three cycles of treatment
with gonadotropins was higher than that after treatment
with letrozole treatment [15].
There are a few published studies on the use of CC plus
letrozole. In a study on 100 patients resistant to letrozole
(four cycles) and CC (six cycles), Hajishafiha et al. [16] reported
a follicular development rate of 82.9% (213 of 257 cycles) in
patients treated with 5 mg of letrozole plus 100 mg of CC
daily for 5 D. In the same study, patients received an FSH injection on d 11 if a dominant follicle was present and received
HCG trigger when the follicle was > 18 mm in size, followed
by intrauterine insemination 36–38 h later. In another combination study, the patients were classified according to age
and BMI and randomized to 2.5 mg of letrozole (n = 35) or
combination treatment with 2.5 mg of letrozole and 50 mg
of CC (n = 35) daily for 3–7 [17]. The ovulation rate in the
CC + letrozole group (27/35, 77%) was significantly higher
than that in the letrozole only group (15/35, 43%).
In the studies by Hajishafiha et al. [16] and Mejia et al. [17],
100 mg of CC plus 5 mg of letrozole and 50 mg of CC plus
2.5 mg of letrozole were administered for 5 days, respectively. In the present study, the patients received a combination
of 2.5 mg of letrozole for 3 days (days of menstruation 5–7)
and 100 mg of CC for 5 days (days of menstruation 3–7 mg)
for one treatment cycle. The aim of this treatment protocol
was to determine the effect of short-term low dose letrozole
use. The ovulation rate in Group 1 was 65/73 (89%), the pregnancy rate was 13/73 (18%), In Group 2, the ovulation rate
was 41/43 (95%), and the pregnancy rate was 8/43 (19%).
There was no statistically significant difference in the ovulation (p = 0.25), pregnancy (p = 0.91).
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In patients treated with gonadotropins, the multiple
pregnancy rate was reported to vary between 5 and 20%
[18]. In other studies, a combination of letrozole and gonadotropin in OI cycles resulted in more mono-ovulation
and a shorter ovulation induction duration [19], in addition
to a reduced incidence of multiple gestations [6]. Hajishafiha
et al. [16] reported five cases of twin foetuses (12%) among
patients treated with gonadotropins, whereas others reported no multiple pregnancy cases following this type of
treatment [17]. Multiple gestations resulted in higher risk
of preterm birth and associated neonatal morbidity and
expens [20]. In our study, one patient in the gonadotropin-treatment group had a twin gestation, but this was not
statistically significant.
For patients with CC resistance, gonadotropin preparations have become the first choice. Unfortunately, the use of
gonadotropins is frequently complicated by the OHSS [20].
We had no case of OHSS in our study.
The present study has several limitations. First, since this
study is retropective, larger prospective studies are needed,
thus selection bias cannot be excluded. Second, although
we increased the dose of gonadotropins, we kept the dose
and duration of CC plus letrozole constant. Third, we did not
study neonatal outcomes because pregnancies were not followed up to delivery. Finally, only one cycle per participant
was performed (after CC resistance cycles).
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CONCLUSIONS
Gonadotropins are the recommended treatment for
patients with CC-resistant PCOS. However, their use necessitates serial evaluations of hormones and sonographic
monitoring. This new drug combination suggests that it
may be a lower cost, lower risk alternative treatment that
increases the rate of ovulation. Larger randomized clinical
trials are needed to provide information on live birth rates
of this combination.
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ABSTRACT
Objectives: Our study evaluates if the use of biological markers can predict the infertility in women with non-obstructive
endometriosis.
Material and methods: Two prospective, non-randomised studies were conducted to identify if CA-125, IL-6 and IL-8 can be
used as predictive markers for infertility in women with non-obstructive endometriosis. Peripheral levels of CA-125, IL-6 and
IL-8 were measured before laparoscopy in all patients.
Results: We found a total number of 152 patients with non-obstructive endometriosis, we divided them in two groups: fertile
and infertile women. There was a statistically significant difference of the mean of CA-125 values between the two groups
(p = 0.00). The patients with infertility had a significantly higher IL-6 serum values than the fertile patients (p = 0.00). Regarding
the IL-8 serum values, there was no statistically significant difference between the two groups fertile vs infertile, (p = 0.06).
Conclusions: The elevated serum levels of CA-125 and IL-6 was associated with an increased probability of being diagnosed
with infertility. The IL-8 had no value in predicting infertility associated with non-obstructive endometriosis.
Key words: CA-125; IL-6; IL-8; biological marker; non-obstructive endometriosis; prediction of infertility
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INTRODUCTION
Endometriosis affects 10% of women of reproductive
age and is defined as the presence of endometrial tissue
(stroma and glands) outside the uterine cavity [1, 2]. Very
often is difficult to diagnose the endometriosis disease in the
general population, due to non-specific symptoms [3]. Endometriosis negatively impairs the quality of life in women,
through the presence of symptoms including dysmenorrhea, dyspareunia, chronic pelvic pain, dyschezia and dysuria
[4] Non-invasive diagnosis tests were highly researched
for endometriosis disease and many biological markers
have been tested from peripheral blood as biomarkers of
endometriosis. The patients with endometriosis associate
infertility in 30 to 50% of cases, and about 25 to 50% of
infertile women are diagnosed with endometriosis [5, 6].
The etiopathogenesis of endometriosis involves several
theories. However, two conditions are common: a chronic

pelvic and systemic inflammation stimulating the peritoneum secretion of cytokines and specifically Interleukin
6 (IL-6) and Interleukin 8 (IL-8) [7]. It has been suggested
that the autoimmune mechanisms may play an important
role in infertility [8].
So far, most studies are evaluating the biomarkers in the
non-invasive diagnosis of endometriosis however, there are no
correlation of this biomarkers with infertility in this population.
The aim of our study was to identify from peripheral
blood frequent biomarkers correlated with endometriosis
and infertility. CA 125 is the main biomarker along with proinflammatory cytokines detected in endometriosis. Among
serum cytokines IL-6 and IL-8 alone or in combination are
known to be associate with endometriosis. Therefore, we
hypothesized that this combination of IL-6 and IL-8 with
serum CA125 levels will predict infertility in women with
endometriosis with a superior value than CA 125 alone [7, 8].

Corresponding author:
George Iancu
“Carol Davila” University of Medicine and Pharmacy, Department of Obstetrics and Gynecology; Gynaecology Department — Filantropia Clinical Hospital, Bucharest, Romania
e-mail: george.iancu@spitalulfilantropia.ro
Tel/fax: 0040/21/318 89 37, 0040/21/310 41 74

189

Ginekologia Polska 2020, vol. 91, no. 4

MATERIAL AND METHODS
After receiving the approval of the Commission for
Medical Ethics (Filantropia Hospital) we started two studies. In the first study CA-125 was tested in 116 women with
non-obstructive endometriosis and in the second, IL-6 and
IL-8 were tested in 36 women. We collected plasma samples
from women with non-obstructive endometriosis, prior to
anesthesia induction, centrifuged at 4500 rpm for 5 minutes
at 4°C, and stored at –70°C. The relevant information for
each patient was collected in the electronic database. In
each study patients were divided into two groups fertile
and infertile women. The inclusion criteria were women
with non-obstructive endometriosis, aged between 20 to
45 years old. A total number of 152 women have met the
inclusion criteria. Included patients were women in which
surgery was indicated for endometriosis, infertility work-up
or ovarian mass and endometriosis was assessed by the
surgeon based on the direct visualization of typical macroscopic endometriosis lesions. Infertile women were patients
who require assisted conception after failure to achieve
a clinical pregnancy within 12 months or more of regular
unprotected sexual intercourse. The exclusion criteria from
our studies were: women who have been operated within
3 months prior the sample collection, or with pelvic/systemic inflammatory disease. No confounders factors were
included in the study.
We conducted a case-control experimental study, in
which two independent groups of fertile and infertile patients were identified and were compared in terms of CA125, IL-6 and IL-8 markers (Fig. 1). Because it was an experimental study, there was no patient randomization process,
the patients being assigned to the appropriate group based
on the pathology or absence of the pathology.
A total of 116 patients with non-obstructive endometriosis were enrolled in the first study. All patients had

non-obstructive endometriosis detected intraoperatively.
Preoperatively, peripheral blood samples were collected
and processed according to the laboratory protocol. The
surgical approach was by laparoscopy in 113 (97.41%) cases
and by laparotomy in 3 (2.58%) cases due to technical difficulties. The patients were classified according to their fertility as follows: 22 patients with unknown fertility (18.96%),
54 preserved fertility patients (46.55%), 36 patients with
primary infertility (31.03%), 4 patients with secondary infertility (3.44%).
After the exclusion of the patients with unknown fertility
(n = 22), two groups were established, depending on the
fertility status: fertile and infertile (with primary or secondary infertility).
The data were processed statistically using IBM SPSS 18.
Quantitative variables were described in terms of central
tendency, dispersion, and their distribution. According to
their distribution the Mann-Whitney U test or the Student
test was used for comparison between groups, while either
Spearman’s coefficient or Pearson’s coefficient was used to
characterize the correlations between variables. In this study
there were no missing values.

RESULTS
Study 1. The role of CA-125 in predicting infertility
associated with non-obstructive endometriosis
The mean age (± SD) of fertile patients was 36.69 (± 5.58),
while the mean age (± SD) of those with infertility was
36.43 (± 4.56). In the group of fertile patients, the youngest
age was 25 years and the oldest age was 45 years, similar values being also observed in the group of those diagnosed as
infertile (respectively 26 years, 45 years). Regarding the age
there were no statistically significant differences between
the two groups (p = 0.81 > 0.05). The American Society for
Reproductive Medicine (ASRM) scoring system was used in

Patients with nonobstructive
endometriosis
n = 152

Study 1 CA-125
n = 116

Fertile
n = 54

CA-125 (± SD)
31.43 (± 19.98)

Excluded
unknown fertility
n = 22

Study 2 IL-6 IL-8
n = 36

Infertile
n = 40

CA-125 (± SD)
45.99 (± 30.37)

Infertile
n = 22

Fertile
n = 14

IL-6 (± SD)
5.79 ± 2.87

IL-8 (± SD)
5.0 ± 8.01

Figure 1. Flow Chart of the study design for the two studies
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IL-6 (± SD)
91.88 ± 107.74

IL-8 (± SD)
17.34 ± 28.59
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Figure 2. CA-125 values distribution in the two groups: fertile and
infertile

order to stage endometriosis as follows: 15 patients (12.93%)
were enrolled in stage I, 57 patients (49.13%) in the stage II,
30 patients (25, 86%) in stage III and 14 patients (12.06%)
in stage IV. There was no statistically significant influence
of the stage of endometriosis in fertility (p = 0.83 > 0.05).
In the group of fertile patients, the mean values of CA-125
(± SD) were 31.43 (± 19.98) and median was 24, while in the
group of those diagnosed with infertility, the mean value
(± SD) was 45.99 (± 30.37) and median 43.8 (Fig. 2). The
distribution of CA-125 values in the group of fertile patients
was non-parametric (p = 0.00 < 0.05) and parametric for the
infertile patients’ group. There was a statistically significant
difference of the mean values of the CA-125 between the
two groups (p = 0.00).

Study 2. The role of IL-6 and IL-8 in predicting
infertility associated with non-obstructive
endometriosis
A total of 36 patients with non-obstructive endometriosis
were identified as meeting our inclusion criteria. Laparoscopy
was the surgical approach in all patients. Regarding their reproductive status, they were divided as follows: 22 (61.11%)
women with infertility and 14 (38.88%) with normal fertility.
Regarding the age of the enrolled women, the mean (± SD)
age of the patients without fertility problems was 32.43 ± 7.73,
and of those diagnosed with infertility was 30.82 ± 5.19, the
medians being equal, respectively 31. In both groups, fertile
and infertile, the distributions were non-parametric. In order to see if the stage of endometriosis influenced fertility
status, a Chi-square test was conducted. This showed that
in our group there was a statistically significant influence of
the stage of endometriosis on fertility (X2 = 23.19), p = 0.00.
The mean values of IL-6 (± SD) in fertile patients were
5.79 ± 2.87 and the median was 6.01 and the infertility group
the mean values was 91.88 ± 107.74 and the median was

100. The statistical analysis of the IL-6 and IL-8 reveals that
the mean value of IL-6 (± SD) was 38.38 ± 87.86 and the
median of 10.5; Kolmogorov-Smirnov and Shapiro-Wilk normality tests reveals that the IL-6 values had a non-parametric
distribution (p = 0 .00).
For the IL 8, the mean value (± SD) was 12.54 ± 23.58 and
the median of 1.6. Normality tests, Kolmogorov-Smirnov and
Shapiro-Wilk, indicated a nonparametric distribution for
IL-8 values. The correlation test (Spearman) demonstrates
a statistically significant positive association (p = 0.00) between the two variables. The mean values of IL-8 (± SD) in
fertile patients were 5.00 ± 8.01 and the median was 1.1 and
in the infertility group 17.34 ± 28.59 respectively, with a median of 3.53. The distribution of the IL-8 values was non-parametric in both groups. Women with infertility had significantly
higher IL-6 median values than fertile patients (p = 0.00).
There was no statistically significant difference between the
median of IL-8 values in the two groups (p = 0.06). The prediction of a patient’s probability of being diagnosed with
infertility, requires a logistic regression analysis: the sensitivity
was 75% and the specificity 90%. The positive predictive value
was 85.71% and the negative predictive value was 81.81%.
In our studies the exposure was the CA-125, IL-6 and
IL-8 testing. We calculated the following parameters: the
sensitivity was 68.75%, the specificity was 61.90%, the positive predictive value was 84.61% and the negative predictive
value was 39.39%. After the statistical analysis we concluded
that the CA-125 variable was the only one that contributed
statistically significantly to this model (p = 0.01). The elevated values of this marker were associated with an increased
probability of being diagnosed with infertility.

DISCUSSION AND CONCLUSIONS
Previous studies have demonstrated that the levels of
cytokines and glycoproteins, are highly relevant for endometriosis, and an association of biomarkers represent non-invasive tests for endometriosis [9]. The CA-125 is a peripheral
biomarker of endometriosis, produced by endometrial and
mesothelial cells [10]. The IL-6 and IL-8 have elevated peripheral levels in women with endometriosis [11–14].
The aim of our studies was to evaluate the role of biomarkers in predicting infertility in patients with non-obstructive endometriosis. The peripheral blood biomarkers
have been generally investigated for endometriosis, but
not for non-obstructive endometriosis. Present data from
the literature is controversial, with some studies demonstrating elevated interleukins, IL-6 and IL8, in patients with
endometriosis, while others have reported similar results in
the endometriosis group versus control group [3, 4, 11, 13].
Through logistic regression, we tried to estimate the probability of a patient being infertile based of the CA-125 values. The CA-125 values were the only ones that contributed
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statistically significant to this model (p = 0.01), and the increase of this marker was associated with an increase in the
likelihood of being diagnosed with infertility. We conducted
that the elevated CA-125 values increased the risk of infertility.
The stage of endometriosis influences the fertility status. The statistical analysis of the second study suggests
that the stage of endometriosis has a significant influence
on fertility status (X2 = 23.19, p = 0.00), with a magnitude
of effect measured by Phi and Cramer’s V very important.
Practically, the advanced stages of endometriosis, even
non-obstructive, can cause infertility through a mechanism
other than the bilateral tubal obstruction.
After the statistical analysis, the IL-6 was elevated in
women with non-obstructive endometriosis and infertility
(p = 0.00). The IL-8 did not show a statistical difference in
non-obstructive endometriosis and there were no correlations between fertility and the IL-8 levels.
The limitation of our studies was the number of patients
and the fact that in the first study there was no significant difference in the stage of endometriosis over fertility,
whereas in the second study our results show that there is
an influence. This statistical difference is due to the different sample sizes.
These biomarkers of endometriosis are nonspecific inflammation associated proteins that reflect inflammatory
changes also in other pathologies such as autoimmune
disease, hepatitis, sepsis, pelvic inflammatory disease. Our
findings could guide research to select a panel of cytokine
with a better potential for diagnose in clinical practice. Furthermore, the association of CA-125, IL-6 and IL-8 could
improve diagnostic reliability.
Our data cannot be generalized, there is a need for
a higher quality prospective studies and standardized
approach, to draw firm conclusions regarding the role of
biomarkers (CA-125, IL-6) in predicting infertility of women
with non-obstructive endometriosis. This would provide
more reliable and relevant information regarding this new
hypothesis.

consent was obtained from all the participants and their
participation was voluntary.
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ABSTRACT
Objectives: To evaluate the incidence of endometriosis among endometritis patients and its association with confounding comorbidities.
Material and methods: A population-based, retrospective cohort study of women aged between 20 to 55 years, who were
newly diagnosed with endometritis between 2000 to 2013. A total of 16,830 endometritis patients and 67,230 non-endometritis individuals were enrolled by accessing data from the National Health Insurance Research Database of Taiwan.
The comorbidities accessed were uterine leiomyoma, rheumatoid arthritis, ovarian cancer, infertility and allergic diseases.
Results: The mean follow-up period was 9.15 years for the non-endometritis cohort and 9.13 years for the endometritis
cohort. There were significantly higher percentages of uterine leiomyoma, rheumatoid arthritis, infertility, ovarian cancer
and allergic diseases in the endometritis cohort than in the non-endometritis cohort. Patients with endometritis had
a 1.5-fold increased risk of their condition advancing to endometriosis (HR 1.58, 95% CI 1.48–1.68).
Conclusions: Our results suggest that patients with endometritis exhibited a positive correlation in developing endometriosis.
Key words: endometritis; inflammation; microbial infection; endometriosis
Ginekologia Polska 2020; 91, 4: 193–200

INTRODUCTION
Endometriosis is defined by the presence of endometrial
epithelial and stromal tissue outside the uterine cavity. It is
not considered a malignant disease, but it can lead to common symptoms such as dysmenorrhea, dyspareunia, pelvic
pain, and reduced fertility. About 10% of all menstruating
women have endometriosis [1, 2].
The processes associated with the pathogenesis of endometriosis remain undetermined. Currently, the most
agreed upon hypothesis is that of retrograde menstruation,
through which endometrial tissues flow back through the fallopian tubes into the peritoneal cavity, where they attach and

develop to form pelvic endometriosis [3]. It should be noted
that about 90% of women exhibit retrograde menstruation;
however, in only 6–10% of them is endometriosis established
[1, 4]. Therefore, retrograde menstruation can only be considered as a risk factor, and not an exact pathogenic factor. Variations in the genetic, biochemical, and physiological properties
of the ovaries, rectovaginal septum, and peritoneum mean that
endometriosis may result from diverse circumstances.
Endometritis is characterized as a microbial infectious
and inflammatory disease. Bacteria commonly detected
in patients with endometritis include streptococcus species, Escherichia coli, Enterococcus faecalis, staphylococcus
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study to demonstrate whether patients with endometritis
have a higher risk of endometriosis.

Participants in LHID
2000 database (1996–2013)
(n = 1,000,000)
Include
Patients with at least
two outpatient visits or
one inpatient care with
endometritis diagnosis
(ICD-9:615)
Patients with endometritis
(1996–2013)
(n = 23,837)
Exclusion Criteria
1. Endometritis date out
of the study period
(2000–2012) (n = 2840)
2. Male (n = 4)
3. Age < 20 or
age ≥ 55 (n = 2,410)

Patients in 2000 to
2012 newly diagnosed as
endometritis (n = 18,583)

Using the same exclusion
criteria as case cohort
and 1:4 frequency matched by 5-year age and
diagnosis year

1. Excluded patients with a preexisting diagnosis or on the same day
of endometriosis (n = 904)
2. Excluded patients who can not
match 4 controls (n = 849)
16,830 endometritis patients and 67,320 non-endometritis patients followed up to endometriosis or until the
end of the study (2013/12/31)
Figure 1. Subject selection process

species, Mycoplasma genitalium, Mycoplasma hominis,
Ureaplasma urealyticum, proteus species, Klebsiella pneumoniae, Pseudomonas aeruginosa, Gardnerella vaginalis,
and Corynebacterium [5]. Yeasts such as Saccharomyces
cerevisiae and candida species are also present in the endometrium of patients with endometritis [5, 6]. Changes in the
distribution of lactobacilli species in the female reproductive
tract may represent another risk factor for endometritis [7, 8].

Objectives
The aim of this study was to explore the possible association between endometritis and endometriosis. We
analyzed data from the National Health Insurance Research
Database (NHRID) of Taiwan through a retrospective cohort
194

MATERIAL AND METHODS
Data source
We used the Longitudinal Health Insurance Database
2000 which randomly selected one million participants from
the NHIRD of Taiwan and made sure that the age and sex
distributions were comparable to those of the Taiwanese
population. The identity of each participant was protected by
encrypting the identification number before the data were
released. All history diagnoses in the database were coded
according to the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM). The Research Ethics Committee of China Medical University and Hospital in
Taiwan approved the study (CMUH-104-REC2-115-R3).

Study population
We enrolled 18,583 female patients who were aged between 20 and 55 years and newly diagnosed as having endometritis (ICD-9-CM 615) from 2000 to 2012; the diagnosis date
was defined as the index date. The non-endometritis cohort
was matched 1:4 by age (in 5-year bands) and index year.
We excluded patients with a pre-existing diagnosis of endometriosis (ICD-9-CM 615.0–615.9) and those who could not
match 4 controls. The same exclusion criteria were used in the
non-endometritis cohort as in the endometritis cohort. A total
of 16,830 endometritis patients and 67,320 non-endometritis
patients were followed up to development of endometriosis,
death, or until the end of the study (2013/12/31), whichever
came first. We collected both demographic characteristics
and endometriosis comorbidity history as potential confounders. The comorbidities included uterine leiomyoma
(ICD-9-CM 218), rheumatoid arthritis (ICD-9-CM 714.0), ovarian cancer (ICD-9-CM 183.0), multiple sclerosis (ICD-9-CM
340), infertility (ICD-9-CM 628), cervical cancer (ICD-9-CM
180), breast cancer (ICD-9-CM 174), autoimmune diseases
(ICD-9-CM 710.0), and allergic diseases (ICD-9-CM 477) (Fig. 1).

Statistical analysis
Distribution of age, sex, and comorbidities between the
endometritis cohort and non-endometritis cohort were described in terms of numbers and percentages and tested using
the Chi-square test and T test. The hazard ratio (HR) and 95%
confidence interval (95% CI) were estimated using the Cox
proportional hazard model for evaluating the association
between endometritis and endometriosis. The multivariate
Cox proportional hazard model was used to estimate the HRs
after adjustment for age, gender, and comorbidities, which
were notably different in the univariate model or with/without
comorbidity. Analysis of stratification by age and comorbidity
was performed to explore the association between endometri-
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Table 1. Baseline characteristics of patients
Endometritis
No

Yes

(n = 67,320)

(n = 16,830)

n

%

n

p-value*
%

Age

> 0.99

20–25

12736

18.92

3184

18.92

25–30

13392

19.89

3348

19.89

30–35

11728

17.42

2932

17.42

35–40

10448

15.52

2612

15.52

40–45

9028

13.41

2257

13.41

45–50

6532

9.7

1633

9.7

50–55

3456

5.13

864

5.13

Mean (SD)

34.2 (9.1)

34.1 (9.0)

0.467a

Childbirth

< 0.001

No

51747

76.87

11289

67.08

Yes

15573

23.13

5541

32.92

Uterine leiomyoma

2544

3.78

1104

6.56

< 0.001

Rheumatoid arthritis

416

0.62

140

0.83

0.002

Ovarian cancer

40

0.06

2

0.01

0.014

Multiple sclerosis

20

0.03

7

0.04

0.441

Infertility

1539

2.29

698

4.15

< 0.001

Cervical cancer

130

0.19

33

0.2

0.938

Breast cancer

202

0.3

52

0.31

0.85

Autoimmune

263

0.39

72

0.43

0.494

Allergic disease

10138

15.06

2978

17.69

< 0.001

Comorbidity

*Chi-square test; at-test

tis and endometriosis among specific populations. Cumulative
incidence curves for endometriosis were computed using the
Kaplan–Meier method, and differences between the endometritis cohort and the non-endometritis cohort were tested
using a log-rank test. All statistical analyses were performed
using Stata Statistical Software version 14 (StataCorp, College
Station, TX, USA). Statistical significance was determined using
two‐tailed tests (p < 0.05).

Results
The mean ages were 34.2 years and 34.1 years in the
non-endometritis cohort and endometritis cohort, respectively. There were significantly higher percentages of
uterine leiomyoma, rheumatoid arthritis, infertility, and
allergic diseases in the endometritis cohort than in the
non-endometritis cohort. The endometritis cohort also had
a considerably lower percentage of ovarian cancer patients
than the non-endometritis cohort (Tab. 1).
The mean follow-up period was 9.15 years for the
non-endometritis cohort and 9.13 years for the endome-

tritis cohort (p = 0.479). Associations of endometritis and
other risk factors with endometriosis are shown in Table 2.
Compared to non-endometritis patients, patients with endometritis had a 1.58-fold adjusted HR of development of
endometriosis after adjustment for age and with/without
comorbidity (model 1). Compared to patients aged 20–
–25 years, there were a 1.38-, 1.58-, 1.91-, and 1.59-fold risks
of development of endometriosis in patients aged 25–30,
30–35, 35–40, and 40–45 years, respectively. However, patients aged 45–50 and 50–55 years had a significantly lower
risk, with adjusted HRs of 0.79 and 0.14, respectively.
Compared to patients without comorbidity, patients
with any one of the comorbidities had a 1.59-fold risk of
developing endometriosis. After adjustment for age and
the comorbidities of uterine leiomyoma, rheumatoid arthritis, infertility, and allergic diseases (model 2), patients
with endometritis had a notably higher risk of endometriosis than non-endometritis patients [adjusted HR (95% CI)
1.55 (1.45–1.65)]. The association between age and endometriosis in model 2 was similar to that in model 1. Compared to
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Table 2. Incidence and hazard ratio of endometriosis for endometritis patients compared to controls
Adjusted

Crude
Model 1a
Event

PY

IR

HR (95% CI)

No

3345

615940

5.43

Reference

Yes

1348

153604

8.78

1.62 (1.52–1.72)

20–25

663

146805

4.52

Reference

25–30

938

147361

6.37

30–35

960

132994

35–40

1056

120746

40–45

774

45–50

277

50–55

Model 2b
p-value

HR (95% CI)

p-value

HR (95% CI)

p-value

Endometritis
Reference

Reference

< 0.001

1.60 (1.50–1.70)

< 0.001

1.57 (1.47–1.67)

< 0.001

1.41 (1.27–1.55)

< 0.001

1.42 (1.29–1.57)

< 0.001

1.41 (1.28–1.56)

< 0.001

7.22

1.60 (1.45–1.77)

< 0.001

1.65 (1.49–1.83)

< 0.001

1.60 (1.45–1.78)

< 0.001

8.75

1.94 (1.76–2.14)

< 0.001

1.96 (1.78–2.16)

< 0.001

1.85 (1.68–2.04)

< 0.001

106683

7.26

1.61 (1.45–1.79)

< 0.001

1.58 (1.43–1.75)

< 0.001

1.43 (1.29–1.59)

< 0.001

76673

3.61

0.80 (0.70–0.92)

0.002

0.77 (0.67–0.89)

< 0.001

0.69 (0.60–0.80)

< 0.001

25

38282

0.65

0.14 (0.10–0.22)

< 0.001

0.14 (0.09–0.20)

< 0.001

0.12 (0.08–0.18)

< 0.001

No

3458

584540

5.92

Reference

Yes

1235

185003

6.68

1.12 (1.05–1.20)

No

3444

630892

5.46

Reference

Yesc

1249

138652

9.01

1.63 (1.52–1.73)

No

4267

740818

5.76

Reference

Yes

426

28726

14.83

2.55 (2.31–2.81)

No

4661

765068

6.09

Reference

Yes

32

4476

7.15

1.16 (0.82–1.64)

No

4692

769246

6.10

Reference

Yes

1

298

3.36

0.54 (0.08–3.84)

No

4500

752153

5.98

Reference

Yes

193

17391

11.10

1.83 (1.59–2.11)

No

3930

670894

5.86

Reference

Yes

763

98650

7.73

1.30 (1.20–1.40)

Age
Reference

Reference

Childbirth
Reference
0.001

0.87 (0.81–0.93)

< 0.001

1.60 (1.50–1.71)

Reference
< 0.001

0.87 (0.81–0.93)

< 0.001

Comorbidity
Reference
< 0.001

Uterine leiomyoma
Reference
< 0.001

2.67 (2.40–2.96)

< 0.001

Rheumatoid arthritis
Reference
0.403

1.13 (0.79–1.59)

0.507

Ovarian cancer
Reference
0.539

0.43 (0.06–3.09)

0.405

Infertility
Reference
< 0.001

1.44 (1.24–1.66)

< 0.001

Allergic disease
Reference
< 0.001

1.24 (1.15–1.35)

< 0.001

Event: No. patients with endometriosis; PY — person-years; IR — incidence rate, per 1,000-person years; HR — hazard ratio; CI — confidence interval
aAdjusted for age and with/without comorbidity
bAdjusted for age, uterine leiomyoma, rheumatoid arthritis, ovarian cancer, infertility, and allergic disease
cPatients with any one of the comorbidities were classified as the comorbidity group

patients without rheumatoid arthritis, infertility and allergic
diseases, patients with these diseases exhibited positive association with the development of endometriosis.
Analysis of stratification by age and comorbidity are
shown in Table 3. Except for patients older than 50 years,
there were significantly higher risks of endometriosis in patients with endometritis than in non-endometritis patients
in every age stratification (adjusted HR 1.33–2.16). Among
196

patients without any one of the comorbidities, patients with
endometritis had a 1.55-fold risk of endometriosis compared
to non-endometritis patients. Among patients with any one
of the comorbidities, patients with endometritis had a 1.64-fold risk of endometriosis compared to non-endometritis
patients. Endometritis was significantly associated with
endometriosis among patients with uterine leiomyoma
[adjusted HR (95% CI) 1.63 (1.34–1.98)], infertility [adjusted
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HR (95% CI)

Adjusted
p-value

HR (95% CI)a

p-value

Overall
Age
20–25

1.35
(1.13–1.60)

0.001

1.38
(1.15–1.65)

< 0.001

25–30

1.57
(1.36–1.81)

< 0.001

1.57
(1.36–1.81)

< 0.001

30–35

1.58
(1.37–1.82)

< 0.001

1.56
(1.35–1.79)

< 0.001

35–40

1.51
(1.32–1.73)

< 0.001

1.44
(1.26–1.66)

< 0.001

40–45

1.87
(1.61–2.18)

< 0.001

1.77
(1.52–2.06)

< 0.001

45–50

2.37
(1.86–3.03)

< 0.001

2.16
(1.69–2.76)

< 0.001

50–55

1.88
(0.81–4.36)

0.14

1.77
(0.76–4.12)

0.188

Childbirth
No

1.72
(1.59–1.85)

< 0.001

1.64
(1.52–1.77) a

< 0.001

Yes

1.36
(1.21–1.54)

< 0.001

1.42
(1.26–1.60) a

< 0.001

No

1.55
(1.45–1.66)

< 0.001

1.56
(1.45–1.66)

< 0.001

Yes

1.69
(1.39–2.04)

< 0.001

1.63
(1.34–1.98)

< 0.001

Uterine leiomyoma

Rheumatoid arthritis
No

1.62
(1.52–1.73)

< 0.001

1.57
(1.47–1.68)

< 0.001

Yes

1.04
(0.47–2.32)

0.919

1.12
(0.49–2.55)

0.783

Ovarian cancer
No

1.62
(1.52–1.72)

< 0.001

1.57
(1.47–1.67)

< 0.001

Yes

–

–

–

–

No

1.60
(1.50–1.71)

< 0.001

1.56
(1.46–1.67)

< 0.001

Yes

1.62
(1.22–2.16)

0.001

1.56
(1.17–2.08)

0.003

No

1.62
(1.51–1.74)

< 0.001

1.57
(1.47–1.69)

< 0.001

Yes

1.55
(1.33–1.81)

< 0.001

1.55
(1.33–1.81)

< 0.001

Infertility

Allergic disease

HR — hazard ratio; CI — confidence interval; aAdjusted for other covariates

HR (95% CI) 1.58 (1.18–2.11)], and allergic diseases [adjusted
HR (95% CI) 1.50 (1.29–1.75)].
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Figure 2. Cumulative incidence curve of endometriosis between
endometritis patients and non-endometritis patients
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Figure 3. Cumulative incidence curve of endometriosis in each age
group
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Table 3. Incidence and hazard ratio of endometriosis for endometritis
patients compared to controls stratified by age, childbirth, and
comorbidities
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Figure 4. Cumulative incidence curve of endometriosis in patients
with comorbidity and without comorbidity

During the whole follow-up period there was a significantly higher cumulative incidence of endometriosis for
patients with endometritis than patients without endometritis (log-rank p < 0.0001) (Fig. 2). There was a considerably
different cumulative incidence of endometriosis in the different age stratifications (log-rank p < 0.0001) (Fig. 3). Patients
with comorbidity had significantly higher cumulative incidences of endometriosis than patients without comorbidity (log-rank p < 0.0001) (Fig. 4). Among patients with any
one of the comorbidities, patients with endometritis had
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Figure 5. Cumulative incidence curve of endometriosis between
patients with endometritis and non-endometritis, among patients
without any of the comorbidities listed in Table 2

Figure 6. Cumulative incidence curve of endometriosis between
patients with endometritis and non-endometritis, among patients
with any one of the comorbidities listed in Table 2

particularly higher cumulative incidences of endometriosis
than non-endometritis patients (log-rank p < 0.0001) (Fig. 5).
Among patients without comorbidity, those with endometritis also had considerably higher cumulative incidences of
endometriosis than non-endometritis patients (log-rank
p < 0.0001) (Fig. 6).

creased production of inflammatory cytokines through
bacterial infection further enhancing the development of
endometriosis [18]. The induction of inflammation may be
related to infections in the upper reproductive tract, lower
reproductive tract, or pelvis [17, 19, 20]. Bacterial colonization increases the levels of inflammatory mediators, which
promote development of endometriosis [18].
Imbalance and inflammatory reactions are two potential factors linked with endometritis and endometriosis. In
Rhesus monkeys with endometriosis, the levels of intestinal
microflora were changed, with these monkeys showing
lower amounts of lactobacilli but higher concentrations of
gram-negative bacteria [21]. It was found that the number
of E. coli in the menstrual blood of patients with endometriosis was elevated. The endotoxin levels in menstrual and
peritoneal fluid were also elevated [22]. Bacterial endotoxins
could promote inflammation by inducing the expression of
inflammatory cytokines and chemokines [23]. The inflammatory cytokines and chemokines could attract macrophages,
which can be activated by endotoxins through toll-like
receptor 4 (TLR4). Activated macrophages would further
sustain/amplify inflammatory reactions [23]. The bacteria
present in the uterine cavity and peritoneal fluid might
induce the TLR4-mediated growth of endometrial lesions
[24]. In cystic fluid of patients with ovarian endometriosis,
presence of the Streptococcaceae and Staphylococcaceae
families is significantly elevated [25]. The imbalance of endometrial microbiota in the uterine cavity could influence the
balance of immune responses which increase inflammation,
thus promoting the pathogenesis of endometriosis [26].
The varied concentrations of estradiol and progesterone
during the menstrual cycle have significant consequences
for the balance of the microbiota, which may promote infections. Estradiol encourages the infiltration of macrophages
into the endometrium to reduce the risk of bacterial infections [27, 28]. A high concentration of progesterone reduces
uterus lymphocyte infiltration, which may increase the risk

DISCUSSION
This nationwide retrospective cohort study revealed
that patients with endometritis had a 1.5-fold increase in the
risk of developing endometriosis, compared with women
without endometritis. Uterine leiomyoma, infertility, rheumatoid arthritis, and allergic diseases exhibit higher incidences in women with endometritis. It is not known why
the frequency of ovarian cancer was lower in patients with
endometritis. Although we found a significant association of
endometritis with endometriosis, this association should be
viewed with caution: the association between endometritis
and the incidence of endometriosis may result from a causal
connection, which may indicate that endometritis might
incline women to the development of endometriosis. In
addition, there might be a third confounding variable, which
implies that there is an overlapping risk factor or pathological process which alters the development of endometritis
and endometriosis.
Local chronic inflammation has been suggested as a risk
factor for the development of endometriosis [9–11]. Increasing levels of monocyte chemotactic protein 1 (MCP-1),
interleukin (IL)-8, IL-6, IL-1β, and tumor necrosis factor
(TNF)-α enhance the implantation of ectopic endometrial
tissue [12–14]. In addition, the inflammatory cytokines and
chemokines secreted by ectopic endometriotic tissues attract macrophages to the peritoneal cavity, which enhances
inflammation [15]. The number of activated macrophages
in the peritoneal cavity of patients with endometriosis is
elevated [16]. It is possible that inflammation in the peritoneal cavity may be related to infections [17], with in-
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of bacterial infections [27, 28]. The growth of eutopic and
ectopic endometriotic tissues could be enhanced by treatment with bacterial endotoxins. In endometrial stromal
cells and macrophages treated with bacterial endotoxins,
levels of hepatocyte growth factor, vascular endothelial cell
growth factor (VEGF), IL-6, IL-8, and TNF-α were elevated
[29, 30]. The expression of VEGF is important to sustain the
growth of eutopic and ectopic endometriotic tissues [31, 32].
Treating endometrial stromal cells with combined estradiol
and lipopolysaccharide significantly increased the proliferation rate [33]. Moreover, the expression levels of IL-6 and
TNF-α were higher in macrophages isolated from patients
with endometriosis [34]. These findings suggest that estradiol and progesterone levels influence the risk of bacterial
infection in the female reproductive tract and promote the
expansion of ectopic and eutopic endometriotic tissues to
encourage endometriosis.
There are various limitations of this study. First, this is
a retrospective cohort study, which makes it hard to define
the causation of the two associated diseases. Secondly, we
used insurance claims data to select our study population
by ICD coding, which could have resulted in misclassification
bias. Thirdly, we could not ascertain reasons why participants were lost to follow-up. It should also be noted that
patients with endometritis would probably have a higher
chance of being diagnosed with endometriosis since they
may receive more medical attention to the female reproductive tract than those without the disease. In addition to
age and the comorbidities that were adjusted for, there are
still some confounding variables. Body mass index (BMI),
number of births, use of birth control pills or devices, and
length and interval of menstrual cycle were not analyzed in
this study. A more detailed prospective cohort study should
be conducted to understand the correlation between endometritis and endometriosis better.
In conclusion, the results of this study indicate that patients with endometritis are at higher risk of developing
endometriosis compared with patients without endometritis. This indicates that either endometritis predisposes
to endometriosis or that some specific pathogenic factors
influence the development of both conditions. Although
the exact pathological factors are not yet known, these
findings make a meaningful contribution to the diagnosis
and management of patients with endometritis.
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Smoking reduces ovarian stromal blood flow in
polycystic ovary syndrome patients
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ABSTRACT
Objectives: The objective of the current research is to compare hormonal, metabolic and ovarian stromal blood flow
outcomes in smoking versus non-smoking polycystic ovary syndrome (PCOS) patients.
Material and methods: 79 PCOS women (Group 1) and 79 healthy subjects (Group 2) were recruited. Both groups were
subdivided according to their smoking habits. Ovarian stromal blood flow was assessed with pulsatility and resistance
index for both ovaries and compared among smoking women.
Results: The smokers in the PCOS group had statistically significant higher levels of pulsatility and resistance index in both
ovaries compared to nonsmoker PCOS patients (p < 0.001). Comparison of ovarian stromal blood flow indexes shows that
pulsatility and resistance index for both ovaries is statistically significantly high in smoking healthy patients compared to
the nonsmoking group (p < 0.001). There is a positive correlation between smoking and free androgen index (r = 0.866,
p < 0.001) for PCOS patients and healthy women.
Conclusions: Smoking reduces ovarian blood flow in PCOS patients and healthy subjects. Smoke components effect the
vascular structure and form endothelial injuries that may reduce ovarian tissue perfusion. In this study, the positive correlation between smoking and free androgen index shows that the main effect of smoking on ovarian blood flow may be
through androgen metabolism.
Key words: polycystic ovary syndrome; smoking; ovarian stromal doppler; pulsatility index; resistance index; cardiovascular risk
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INTRODUCTION
Polycystic ovary syndrome (PCOS) was defined by Stein
and Leventhal in 1935 and is characterized by hyperandrogenism, chronic anovulation and polycystic ovaries. It is
a common endocrine disorder that affects 5–12% of women
worldwide [1, 2]. Signs and symptoms of PCOS include obesity, oligomenorrhea or amenorrhea, hirsutism and acne.
PCOS can be diagnosed when two of the following three
findings are present; anovulation, high levels of androgen
and polycystic ovaries [3, 4]. The syndrome can also form
comorbid diseases such as impaired insulin sensitivity, type
II diabetes, hyperlipidemia, and cardiac illness [3, 4]. It is
recommended that PCOS patients are screened for metabolic syndrome and cardiovascular risk factors [5, 6]. Every
women with PCOS should get advices on how to adjust
style of living to prevent metabolic complications and cardiovascular diseases.

The blood circulation of any organ is directly associated
with its morphology and functions [7, 8]. In women with
PCOS, it has been shown that significant changes have occurred in vascularization of the ovarian stroma [7–10]. Battaglia et al. [7], Zaidi et al. [8], and Aleem et al. [9] established
that, in cases with PCOS, important differences develop
within the ovarian stroma circulation and they claimed that
Doppler assays of ovarian stromal blood vessels may be
useful for improving the investigation and could give more
knowledge about the pathophysiology of the disease. In
terms of systolic blood flow; there is a significant rise in the
ovarian stromal velocities in women with PCOS compared
to healthy women [7–11].
Clinical and experimental studies show that cigarette
smoking alters the structures and functions of many organs
and their blood circulation [12]. Based on the studies in the
literature, the cigarette usage increases the incidence of car-
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diovascular diseases. Vasomotor dysfunction, inflammation
and modifications of lipids, and the increase in androgen levels may be the reasons for the progression of vascular lesions
and atherosclerosis [13, 14]. There are studies in the literature showing the harmful effects of smoking on the vascular
structures in the human body [12]. Kalfaoğlu et al. [15] assessed the cerebral blood flow by carotid and vertebral artery
Doppler ultrasonography and showed that smoking reduces
the blood flow to the brain. Cigarette usage impairs the
functions and vascularization of the genital organs [16, 17].
Reproductive organs are effected by cigarette smoking, such
as an earlier onset of menopause, higher infertility risk and
lower fecundity rate [16, 17]. Smoking is associated with
endothelial dysfunction and an increase in arterial wall stiffness, and there is evidence showing the smoking effect on
the genital organs based on the measurement of the blood
flow of uterine artery, clitoral artery and labia minora arteries [17]. Nordenvall et. al. [18] and Albuquerque et al. [19]
reported an increase in resistance index of the uterine artery
in smoking women. In fact, no study has compared the effect
of smoking on the ovarian doppler blood flow.
The harmful effects of smoking on health have been
proven in non-PCOS women, which makes the possible
effects of smoking on hormonal changes, especially androgens and ovarian blood flow changes in PCOS patients of
interest [20]. The objective of the current study is to compare hormonal, metabolic and ovarian stromal blood flow
outcomes in smoking versus non-smoking PCOS patients.

MATERIAL AND METHODS
The current prospective research was directed in the
Division of Obstetrics and Gynecology at Near East University, Faculty of Medicine, Nicosia, Cyprus between February 2018 and June 2019. All participitants signed informed
approval and local ethics committee accepted the study.
All patients were young, nulliparous students from Near
East University. Seventy-Nine PCOS women (Group 1) and
79 healthy subjects (Group 2) were recruited for the study.
Both groups were evaluated according to their smoking habits. A total of 49 patients in the PCOS group and 39 women
in the healthy group were smokers. Smoking was defined
as 10 or more cigarettes per day. Medical and gynecologic
patient history was asked from all the patients in the sample.
The cases in group 2 had normal menstruation pattern and
normal anatomical findings for baseline examination with
transvaginal ultrasound. The diagnosis of PCOS was made according to Rotterdam Consensus criteria [4]. Ferriman Galwey
(FGS) scoring system was used to define hirsutism and abnormal level of hirsutism was above 8. Exclusion aspects for the
study were patient’s age being more than 35 years, positive
bhcg test result, high prolactin levels, thyroid disfunctions,
congenital adrenal hyperplasia, any surgical procedure of
202

the ovary in the past or medication/systemic illnesses that
may affect the mechanics in the hypothalamus and pituatry
gland, abnormal androgen secretion, diabetes, hormonal
therapy and combined oral contraceptive usage six months
prior the research. In addition, detection of ovarian cyst or follicle greater than ten milimeters or adnexial mass in a patients
was accepted as elimination principle. Weight and height was
measured by one clinician (Emekci Ozay O) at the begining
to calculate body mass index (BMI). Blood sample analysis
were done to measure the prolactin (PRL), thyroid stimulating
hormone (TSH), follicle stimulating hormone (FSH), luteinizing hormone (LH), estradiol (E2), fasting glucose, fasting
insulin, dehydroepiandrosterone sulfate (DHEAS), total and
free testosterone, and sex hormone binding globulin (SHBG).
Homeostatic model of insulin resistance (HOMA-IR) was used
to determine insulin sensitivity. If the level of HOMA-IR assessed was more than 2.5, it was defined as high resistancy
in insulin. Free androgen index was calculated by the formula
100x (Total testosterone/SHBG). During the initial five days
of the menstruation, blood specimens were taken 8 hours
afterwards abstaining. In women with no menstruation, after
bhcg test analysis being negative, progesteron challenge
test was performed with 5 mg/day medroxyprogesterone
acetate (TARLUSAL; Deva Holding A.S.¸ Istanbul, Turkey). To
check the ovarian blood flow, the doppler measurements
were done during the third day of menstruation in the
morning (08.00–11.00 am) by one operator (Ozay, A.C). The
ultrasound machine used was Voluson 730Expert equipped
with a 7–9 MHz transvaginal transducer. To avoid biases, clinician performing the examination was blinded to the clinical
and hormonal findings of the patients. All women emptied
their urinary bladders before the ultrasound examination
and they rested for at least 15 min before being scanned
to diminish the outer factors on blood circulation. For the
assesment of the stromal blood flow of the ovaries, color
waves in the stroma were desired at a greatest expanse from
the exteriors of the ovary. Blood vessels placed near to the
surface of a follicle were not evaluated. Three serial analysis
were performed and the mean utility was calculated for
each factor. The pulsatility index (PI) and resistance index (RI)
were otomatically documented by the ultrasound. Results
are represented as mean ± standard deviation. Statistical
Program for Social Sciences (SPSS) version 16 was used in
the analysis. p < 0.05 is accepted as statistically significant.

RESULTS
A total of 158 patients’ results were analyzed. Group 1
was formed from 79 PCOS patients, where 62% (n = 49)
were smokers. Group 2 was formed from 79 healthy controls
and cigarette usage in this group was 49.4% (n = 39). The
comparison of the demographic characteristics, hormonal,
metabolic status and ovarian stromal doppler findings of
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PCOS and healthy group is shown in Table 1. The smokers
in the PCOS group had statistically significant higher levels
of pulsatility and resistance index in both ovaries compared
to non-smoking PCOS patients. (Tab. 2). Comparison of
ovarian stromal blood flow indexes showed that pulsatility
and resistance index for both ovaries is statistically significantly high in healthy smoking patients compared to the
non-smoking group. (Tab. 3). Table 4 shows a comparison
of the ovarian doppler indices of PCOS and healthy women
who smoke. No statistically significant change was detected
in ovarian blood flow between these groups. There was
a positive correlation between the number of cigarettes
consumed per day and free androgen index (r = 0.866,
p < 0.001) (Fig. 1). Also, there was a positive correlation
between total testosterone (r = 0.448, p < 0.001), free testosterone (r = 0.423, p < 0.001) and cigarettes smoked per day.
SHBG (r = –0.454, p < 0.001) showed a negative correlation
with cigarettes smoked per day.

DISCUSSION
There are rising opinions that PCOS women can have
an elevated risk of vascular disorders in comparison with
healthy women of an identical weiht and age. The rate of
reproductive age women who smoke is as high as 30% and
smoking increases the incidence of cardiovascular diseases
and peripheral vascular disease [21, 22]. The present study

focuses on the association between smoking and diverse
ovarian stromal blood flow and its relations with cardiovascular risks in PCOS patients and controls.
The results obtained in the current study confirm previous reports [21] of significantly higher BMI, LH/FSH ratio,
circulating androgen values, insulin resistance and higher
ovarian stromal blood flow in PCOS patients compared
with healthy subjects. In 1995, Battaglia et al. showed that
the existence of ovarian stromal vascularization with a decreased resistance index has great diagnostic worth for
polycystic ovary syndrome [7]. Elevated levels of LH can be
the cause for the marked up stromal vascularization by
cytokine activation, catecholaminergic stimulation and
neoangiogenesis [24]. Our study data supports that PCOS
patients have lower right and left ovarian resistance index.
The reduced PI and RI results are potential signals of the
added on number and dilatation of ovarian stromal vessels in PCOS [25]. Also, Agrawal et al. [26] claimed that in
PCOS, an elevated level of vascular endothelial growth
factor can be responsible for heightened ovarian stromal
blood flow [26]. Similar to our analysis, many other studies
in the literature show the increased ovarian blood flow as
a common factor in PCOS compared to healthy women with
normal menstrual cycles [7, 8, 11, 24, 27]. There are studies
that show that insulin and insulin-like growth factor induce
the angiogenesis and vasodilatation in the ovary, although

Table 1. Comparison of hormonal, metabolic status and doppler findings of PCOS and healthy women
PCOS (n = 79)

Control (n = 79)

*p

Age [years]

21.76 ± 2.10

22.24 ± 2.27

0.168

BMI [kg/m2]

23.91 ± 4.55

22.14 ± 3.62

0.008

Waist/Hip Ratio

0.87 ± 0.20

0.68 ± 0.09

< 0.001

FGS

11.97 ± 4.58

4.05 ± 1.68

< 0.001

LH/FSH

1.60 ± 0.72

0.90 ± 0.27

< 0.001

Free T [pg/mL]

1.98 ± 0.67

0.89 ± 0.34

< 0.001

Total T [nmol/L]

1.66 ± 0.54

0.79 ± 0.27

< 0.001

FAI

4.52 ± 3.31

0.98 ± 0.46

< 0.001

DHEAS [ug/dL]

422.89 ± 134.91

207.59 ± 71.27

< 0.001

SHBG [nmol/L]

54.02 ± 29.62

87.43 ± 23.06

< 0.001

Androstenedione [ng/L]

130.48 ± 31.45

75.76 ± 15.68

< 0.001

HOMA-IR

1.87 ± 0.71

1.16 ± 0.43

< 0.001

Mean BP [mmHg]

87.80 ± 8.02

78.98 ± 7.81

< 0.001

LOPI

0.74 ± 0.23

0.86 ± 0.24

0.001

LORI

0.48 ± 0.13

0.54 ± 0.08

0.004

ROPI

0.70 ± 0.23

0.83 ± 0.18

< 0.001

RORI

0.50 ± 0.14

0.54 ± 0.07

0.026

BMI — Body mass index; FGS — Ferriman Gallwey score; LH — Luteinizing hormone; FSH — Follicle stimulating hormone; Free T — Free Testosterone; Total T — Total
Testosterone; FAI — Free Androgen Index; DHEAS — Dehydroepiandrosterone sulphate; HOMA-IR — Homeostatic model for assessment of insulin resistance;
Mean BP — Mean Blood Pressure; LOPI — Left ovarian pulsatility index; LORI — Left ovarian resistance index; ROPI — Right ovarian pulsatility index; RORI — Right
ovarian resistance index. *p < 0.05 is statistically significant; Independent samples t test
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Table 2. Comparison of hormonal, metabolic status and doppler findings of smoking and non-smoking PCOS patients
Smokers (n = 49)

Nonsmokers (n = 30)

p

Age [years]

21.49 ± 1.65

22.20 ± 2.64

0.193

BMI [kg/m2]

23.75 ± 4.70

24.17 ± 4.35

0.697

Waist/hip ratio

0.86 ± 0.22

0.88 ± 0.18

0.788

LOPI

0.87 ± 0.20

0.53 ± 0.06

< 0.001

LORI

0.54 ± 0.12

0.40 ± 0.11

< 0.001

ROPI

0.81 ± 0.23

0.52 ± 0.08

< 0.001

RORI

0.56 ± 0.11

0.39 ± 0.12

< 0.001

LH/FSH

1.51 ± 0.66

1.74 ± 0.81

0.162

Free T [pg/mL]

2.03 ± 0.63

1.90 ± 0.72

0.405

Total T [nmol/L]

1.70 ± 0.51

1.58 ± 0.58

0.316

FAI

5.34 ± 3.67

3.18 ± 2.05

0.001

DHEAS [ug/dL]

430.10 ± 121.71

411.11 ± 155.57

0.571

SHBG [nmol/L]

48.61 ± 30.63

62.86 ± 26.02

0.031

Androstenedione [ng/dl]

126.09 ± 26.06

137.64 ± 38.09

0.150

HOMA-IR

1.80 ± 0.68

1.97 ± 0.75

0.310

Mean BP [mmHg]

86.48 ± 7.46

89.94 ± 8.56

0.063

BMI — Body mass index; FGS — Ferriman Gallwey score; LH — Luteinizing hormone; FSH — Follicle stimulating hormone; Free T — Free Testosterone; Total T — Total
Testosterone; FAI — Free Androgen Index; DHEAS — Dehydroepiandrosterone sulphate; HOMA-IR — Homeostatic model for assessment of insulin resistance;
Mean BP — Mean Blood Pressure; LOPI — Left ovarian pulsatility index; LORI — Left ovarian resistance index; ROPI — Right ovarian pulsatility index; RORI — Right
ovarian resistance index; *p < 0.05 is statistically significant; Paired samples t test

Table 3. Comparison of hormonal, metabolic status and doppler findings of smoking and non-smoking healthy patients
Smokers (n = 39)

Nonsmokers (n = 40)

p

Age [years]

22.62 ± 2.60

21.88 ± 1.86

0.151

BMI [kg/m2]

22.08 ± 4.32

22.20 ± 2.83

0.876

Waist/hip ratio

0.67 ± 0.10

0.69 ± 0.08

0.361

LOPI

0.92 ± 0.25

0.81 ± 0.22

0.035

LORI

0.57 ± 0.08

0.51 ± 0.07

0.002

ROPI

0.89 ± 0.19

0.77 ± 0.15

0.002

RORI

0.56 ± 0.07

0.51 ± 0.06

0.003

LH/FSH

0.90 ± 0.27

0.89 ± 0.27

0.942

Free T [pg/mL]

0.96 ± 0.42

0.84 ± 0.21

0.103

Total T [nmol/L]

0.84 ± 0.30

0.74 ± 0.22

0.109

FAI

1.10 ± 0.54

0.86 ± 0.33

0.022

DHEAS [ug/dL]

208.38 ± 69.73

206.81 ± 73.62

0.922

SHBG [nmol/L]

84.92 ± 27.88

89.89 ± 17.15

0.345

Androstenedione [ng/dL]

75.35 ± 14.88

76.16 ± 16.60

0.821

HOMA-IR

1.12 ± 0.42

1.20 ± 0.44

0.411

Mean BP [mmHg]

79.37 ± 8.06

78.60 ± 7.64

0.664

BMI — Body mass index; LH — Luteinizing hormone; FSH — Follicle stimulating hormone; Free T — Free Testosterone; Total T — Total Testosterone; FAI — Free
Androgen Index; DHEAS — Dehydroepiandrosterone sulphate; HOMA-IR — Homeostatic model for assessment of insulin resistance; Mean BP — Mean Blood Pressure;
LOPI — Left ovarian pulsatility index; LORI — Left ovarian resistance index; ROPI — Right ovarian pulsatility index; RORI — Right ovarian resistance index; *p < 0.05 is
statistically significant; Paired samples t test

the certain pathway has not yet been explained [28]. In our
study we found that insulin resistance and HOMA-IR values
are higher in the PCOS group compared to healthy controls.
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When we evaluate the smoking effect on ovarian stromal
blood flow in PCOS patients, we established that smoking
increases the resistance and pulsatility index for right and left
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Table 4. Comparison of ovarian stromal doppler findings among smoking women
PCOS (n = 49)

Control (n = 39)

p

LOPI

0.87 ± 0.20

0.92 ± 0.25

0.259

LORI

0.54 ± 0.12

0.57 ± 0.08

0.221

ROPI

0.81 ± 0.23

0.89 ± 0.19

0.091

RORI

0.56 ± 0.11

0.56 ± 0.07

0.905

LOPI — Left ovarian pulsatility index; LORI — Left ovarian resistance index; ROPI — Right ovarian pulsatility index; RORI — Right ovarian resistance index; *p < 0.05 is
statistically significant; Paired samples t test
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FAI
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5.00

2.50
R Sq Linear = 0.866
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Figure 1. Correlation graphic of free androgen index and cigarettes
smoked per day

ovaries in smoking PCOS compared to non-smoking PCOS
patients. In addition, according to our study data, cigarette
usage decreases the blood flow in healthy controls by increasing resistance and pulsatility index. Cigarette smoke causes
blood vessels to increase stiffness, resistance, intima-media
thickness, endothelial injury and decreases compliance and
elasticity by increasing superoxide and endothelin-1 production [29]. Çifti et al. [30], studied the smoking effect on
vascular structures and they found that smoking-related hemodynamic changes, endothelial dysfunction and increased
stiffness were detected in subjects as young as 25 years of age.
Battaglia et al. [17] showed that smoking reduces the blood
flow in the genital organs in eumenorrheic women. For cases
who use cigarrete for long time period, the vasoconstrictive
outcomes of nicotine and the proatherogenic activity of different chemical components of smoke can cause a decreased
perfusion in central and peripheral tissues [17].
Several studies have observed the effect of smoking
in PCOS patients. This is the first research to observe the
smoking effect on ovarian stromal blood flow in PCOS

patients. Smoking may develop its effect of reducing the
ovarian stromal blood flow in several ways. One possible
route may be the increase in vascular stiffness, resistance
and endothelial injury. Secondly, smoking may increase the
androgen levels in blood circulation. Another influence of
smoking could be its effect on insulin. However, in our study,
we could not find any association between HOMA-IR values
between smoking and nonsmoking PCOS patients. In fact,
there was a significant increase in the free androgen index in
smoking healthy women and PCOS patients. Also, there was
a positive correlation between the number of cigarettes consumed per day and the free androgen index. In women with
PCOS, effect of smoking on clinical, metabolic and endocrine
outcomes were evaluated by Cupisti et al. [31]. It was found
that PCOS cases who were smoking showed increased free
testosterone and rising insulin resistance. In terms of acne,
ovulatory function and hirsutism they declared no change
between non-smokers and smokers [31]. Funabashi et al. [32]
found that in women who smoke, nicotine does not change
the levels of LH. [32] This finding is correlated with our research results and the LH/FSH ratio was not statistically
significantly elevated in the smoking PCOS group compared
to the non-smoker PCOS group in agreement with Cupisti el
al. [31] The relation between androgens and nicotine can be
associated with the metabolic route elaborated, as nicotine
is mediated by cytochrome P450, which also plays a role in
the biosynthesis of testosterone [33].
In our study, we also compared the smoking effect on
ovarian stromal blood flow between PCOS and non-PCOS
women. For both groups, ovarian stromal blood flow was
reduced by smoking. The rate of decrease in the ovarian stromal blood flow in both groups was similar, and no statistically significant change was observed.

CONCLUSIONS
In conclusion, smoking reduces the ovarian stromal
blood flow in PCOS and non-PCOS women. Nicotine has
a vasoconstrictive effect and the endothelial injury of other
smoke components may reduce ovarian tissue perfusion
resulting in decreased ovarian stromal blood flow. In this
study, the positive correlation between smoking and free
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androgen index shows that the main effect of smoking on
ovarian blood flow may be through androgen metabolism.
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ABSTRACT
Objectives: We aimed to investigate the thiol/disulfide balance in ketone positive (hyperemesis gravidarum) and ketone
negative pregnant women with nausea and vomiting.
Material and methods: A total of 60 patients under the 14th week of pregnancy were included in this study, and they were
divided into two groups. Group 1 included 30 pregnant women with ketone positive, group 2 included 30 ketone negative
pregnant women with nausea, and vomiting.
Results: The native thiol, disulfide, and total thiol concentrations were measured using an automated method and compared among the two groups. There were also three indexes that are derived from disulfide, native and total thiol (Index
1 = 100 × disulfide/native thiol); (Index 2 = 100 × disulfide/total thiol); (Index 3 = 100 × native thiol/total thiol). When
compared with Group 1 and Group 2, total thiol was high, native thiol was low but not statistically significant. Disulphide
(p = 0.046), index 1 (p = 0.036) and index 3 (p = 0.034) were statistically significant.
Conclusions: Patients with ketone positive are shifting to OS direction due to lack of nutrients and electrolytes. This study
emphasizes the therapeutic potential of antioxidant supplementation, which is becoming an increasingly used approach
in treating the symptoms of women with ketone positive.
Key words: hyperemesis gravidarum; nausea and vomiting; thiol/disulfide homeostasis; oxidative stress
Ginekologia Polska 2020; 91, 4: 207–209

INTRODUCTION
Nausea and/or vomiting is a common problem for pregnant women affecting approximately 80% of all pregnant
women [1]. Hyperemesis gravidarum (HG), which is a severe
form of nausea and/or vomiting, is diagnosed with ketonuria
and more than 5% weight loss and occurs in 0.3–3% of all
pregnant women [2, 3].
Thiols containing sulfhydryl groups [(R-SH)] are antioxidants that play an important role in the elimination of
reactive oxygen species (ROS) that occur during oxidative
stress (OS) [4]. With the separation of hydrogen from natural
thiols, disulfide bonds [(R-S-S-R)] are formed, and with the

release of this hydrogen, excess oxygen is bound in the
environment and the cells are protected from oxidative
damage. Conversely, disulfides can turn into native thiols,
which is called dynamic thiol/disulfide homeostasis [5, 6].
In this study, we aimed to investigate the thiol/disulfide
balance in ketone positive and ketone negative pregnant
women with nausea and/or vomiting.

MATERIAL AND METHODS
A prospective study was performed with a total of
60 women with a history of nausea and/or vomiting, normal body mass index (20–25 kg/m2) and aged between
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18–35 years at the department of obstetrics and gynaecology. Patients were evaluated in two groups: Group 1 consisted
of 30 patients with ketone positive (HG). Group 2 consisted of
30 patients having nausea and/or vomiting more than three
times per day during pregnancy and did not have ketonuria.
Patients with trophoblastic diseases, diabetes, preeclampsia, thyroid diseases, inflammatory diseases, kidney
diseases, liver diseases, smoking or alcohol habits and pregnancies older than 14 weeks were excluded from the study.
Gestational weeks were determined by the last menstrual
period and ultrasonography.
Blood samples were taken and centrifuged for 10 minutes at 4,000 rpm. The serum portion was separated and
stored at –80°C until assessment of thiol/disulfide homeostasis.
Serum thiol/disulfide homeostasis was evaluated with
a new and automated measurement technique by Erel [7].
Thiol/disulfide homeostasis results were calculated μmol/L.
The study protocol was approved by a regional committee (number 3).

Statistical analysis
All statistical analyses were done with SPSS 20.0 (IBM,
New York, USA), MS Office Excel. The continuous variables
were expressed as median (min–max); categorical variables
were expressed as n (%). The difference of continuous variables between groups was calculated by the Mann Whitney
U-test. p ≤ 0.05 was regarded as significant.

RESULTS
There were also three indexes that are derived from
disulfide, native and total thiol (Index 1 = 100 × disulfide/nativethiol); Index 2 = 100 × disulfide/total thiol);
Index 3 = 100 × native thiol/total thiol). When compared with
Group 1 and Group 2; total thiol was high, native thiol was
low but not statistically significant. Disulphide (p = 0.046),
index 1 (p = 0.036) and index 3 (p = 0.034) were statistically
significant (Tab. 1).

DISCUSSION
Dynamic thiol/disulfide homeostasis is an essential
predictor of OS in our body. Strengthening the enzyme
mechanism and immune system depends on changes
in thiol/disulfide balance [8, 9]. It is thought that HG
is caused by the imbalance between free ROS that are
formed by OS and antioxidants, and it has been found
that antioxidant balance was low andthe OS index was
higher in the HG group [10]. Previously OS has been investigated in HG and healthy pregnant women. However,
ketone positive and ketone negative pregnant women
were compared for the first time. In this study, we investigated OS related changes due to malnutrition by compar208

ing thiol/disulfide balance between ketone positive and
ketone negative pregnant women with nausea and/or
vomiting. The findings were in favor of OS in ketone
positive patients.
There are strong relationships between HG and OS [4].
First, a decrease in the antioxidant system is observed as
a result of insufficient intake of vitamins and other energy
sources taken as a result of reduced nutrition [11, 12]. Many
antioxidant enzymes have been shown to decrease due to
HG. Another important mechanism is the increase in the
synthesis of ROS in the presence of H. pylori [13].
Onaran et al. [14] and Güney et al. [15] found a deficiency
in the antioxidant system in HG. There is limited information about the importance of antioxidant effect in early
fetus development. However, it increases the importance
of antioxidants to free radical damage later in the fetus [16].
Ketonuria shows its carnage at the adipose site as
a marker for HG, and it is widely used as HG-defined. Due
to this carnage, there is correlation between the degree of
ketonuria and HG [17]. While there is a negative correlation between disease severity and native thiol and total
thiol, a positive correlation is detected between disulfide
[18]. The American College of Obstetricians and Gynecologists (ACOG) currently recommends that a combination of
oral pyridoxine hydrochloride (vitamin B6) and doxylamine
succinate be used as first-line treatment for nausea and/or
vomiting during pregnancy if pyridoxine monotherapy
does not relieve symptoms [19]. Ege et al. [20] it has been
shown that malnutrition in HG patients suppresses the antioxidant system and consequently the immune system is
affected. Based on our results, in additional supplementa-

Table 1. Demographic and laboratory results and comparison of
two groups
Grup 1
(n = 30)

Grup 2
(n = 30)

p*
value

median (min–max)
Age [years]

28 (18–34)

28 (20–35)

0.672

Fasting Glucose
[mg/dL]

94 (73–123)

85.5 (66–122)

0.139

Native Thiol [μmol/L]

598.7
511.3–695.6)

627.7
(510.9–772.1)

0.062

Total Thiol
[Umol/L]

632.3
(556.5–740.4)

655.4
(536.1–802.3)

0.089

Disulfide

21 (11.4–45.3)

19.3 (12.2–26.8)

0.048

Index 1

3.51 (1.89–8.45)

2.87 (1.76–4.61)

0.036

Index 2

3.33 (1.82–7.23)

2.82 (1.7–23)

0.082

Index 3

93.35
85.54–96.36)

94.58
(91.56–96.61)

0.034

Index 1 — 100 × disulfide/native thiol; Index 2 — 100 × disulfide/total thiol;
Index 3 — 100 × native thiol/total thiol
*Mann–Whitney–U test
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tion of — SH-containing compounds can be discussed in
ketone positive group.
The limitation of this study was the small number of
patients having particitated. Secondly, we were unable to
measure the pre-pregnancy thiol/disulfide status of the
forementioned pregnant women. Finally, we did not look
at the level of H.pylori that causes of HG.

CONCLUSIONS
In conclusion, patients with HG are shifting to OS direction due to lack of nutrients and electrolytes. A significant
difference between the ketone positive and ketone negative groups shows that all nausea and/or vomiting will not
cause OS and that the body can tolerate OS by considering
a precise balance. This study emphasizes the importance
of therapeutic support in the treatment of symptoms in
ketone positive patients, where antioxidant supplements
are gaining importance day by day.
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ABSTRACT
Objectives: An investigation of the importance of hematological inflammatory markers on the prognosis of first trimester
pregnancies and their role in predicting threatened abortion and early pregnancy loss.
Material and methods: This study was carried out in the Obstetrics and Gynecology Department of the Faculty of Medicine in
our University between January 2018 and May 2019. Three-hundred individuals, 100 of them diagnosed with early pregnancy
loss (EPL), 100 diagnosed with threatened abortion (TA) and 100 healthy control patients (HC), participated in the study.
Results: There were no statistically significant differences in terms of hemoglobin, platelet, neutrophil count and NLR
between the three groups. The RBC counts were significantly lower in EPL and TA compared to HC. Similarly, it was determined that the MPV value was significantly lower in EPL compared to HC. On the other hand, there was no difference in
MPV between TA and HC. The PLR was higher in EPL and TA.
Conclusions: MPV, RBCs and PLR values were strongly associated with first-trimester miscarriage. These economical and
easily measurable platelet indices can be used to predict fetal losses.
Key words: complete blood count; first-trimester abortion; inflammation; neutrophils; platelet count; risk factors
Ginekologia Polska 2020; 91, 4: 210–215

INTRODUCTION
Early pregnancy loss is commonly seen, and its incidence
has been reported to be in the range of 50 to 70% in all conceptions [1]. The exact reason for early pregnancy loss has
not been fully revealed. Although causal relationships and
mechanisms cannot be fully explained, chromosomal anomalies are held responsible for nearly half of the cases [2, 3],
while the other half remain unknown. In recent years, data
have indicated that a significant proportion of abortions have
emerged as a result of problems with immunological mechanisms and endocrinological factors that both mirror and are
part of the immunological and haematological structure [4, 5].
Neutrophil-lymphocyte ratio (NLR) and platelet-lymphocyte (PLR) ratios are markers showing inflammatory status. These rates could be easily determined with the blood test.
These values chiefly indicate the presence of inflammatory
load and are therefore utilized as prognostic indicators in
many branches of medicine, and they have been frequently
reported on and tested [6]. When the literature is examined,

NLR and PLR have been examined in previous studies for
pathological conditions such as gynecological cancers [7],
ovarian hyperstimulation syndrome [8], early ovarian failure
[9], endometriosis [10], hyperemesis gravidarum [11], gestational diabetes [12], preeclampsia [13], pregnancy-associated
intrahepatic cholestasis [14] and other diseases. The increased
values of these parameters must be taken into serious consideration, especially during pregnancy. Numerous physiological
changes occur during pregnancy, and these changes lead to
special reference values for the evaluation of laboratory assays.
This research aimed to determine pregnancy-related reference values for NLR and PLR in accordance with the first trimester and investigated the importance of hematological inflammatory markers on the prognosis of first trimester pregnancies.

MATERIAL AND METHODS
Study design and patient population
The present study adopted a retrospective, one-centre,
case-control approach and was carried out in the Obstetrics
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and Gynecology Department of our University. The research
was carried out in compliance with the approved guidelines
and the principles expressed by the Helsinki Declaration
[Ethics Committee Date and Number: (09.04.2019-03/09)].
A total of 300 patients were included this study. One
hundred of them were the threatened abortion group (TAG),
one hundred of them were the early pregnancy loss group
(EPLG) and 100 of them were the healthy control group
(HCG). The patient data were collected from hospital records over the last 2 years. Demographic parameters were
recorded from patient files and laboratory parameters were
recorded from complete blood cell count (CBC) results at
the first trimester.
The first-trimester (7–14 weeks) CBC values were determined for all patients. Patients in any condition that could
affect blood parameters such as multiple pregnancy, fetal
infections, and amniocentesis were excluded from the study.
In the case of the presence of multiple CBC results, the
result during 7 weeks of pregnancy was taken into consideration and used in the statistical evaluation. NLR was calculated by dividing the number of neutrophils by the number
of lymphocytes, and PLT by dividing the number of platelets
by the number of lymphocytes. NLR, PLR, mean platelet volume (MPV), neutrophil counts, platelet counts, lymphocyte
counts, red blood cell (RBC) counts and hemoglobin levels
were determined for the three study groups. In all cases,
blood samples were collected in tripotassium Ethylenediaminetetraacetic acid (EDTA) tubes. All measurements of
hematologic parameters were performed using a Beckman Coulter blood count analyzer (Beckman Coulter Inc.,
CA, USA) 30 minutes after blood collection.

Statistical Analyses
The statistics software package SPSS 25 (IBM, Armonk,
NY: IBM Corp.) was used for the statistical evaluations in
the present study. Descriptive statistics (mean, standard
deviation, median, minimum value, maximum value and
percentage value) were determined for discrete and continuous variables. Also, Levene’s test was adopted for the
determination of the homogeneity of the variance results. The normality of the data’s distribution was evaluated
using the Shapiro–Wilk test. The differences between three
or more groups is determined by a one-way ANOVA test
when the parametric test prerequisites are fulfilled, and
the Kruskal Wallis test is used when such prerequisites
are not fulfilled. A multiple comparison test, the Bonferroni correction method, is used to evaluate the significant
results of three or more groups. The determined variable
cut-off values for RBCs (106 uL), hemoglobin (g/dL), platelets (103 uL), MPV (fL, mean ± SD), neutrophils (103 uL), lymphocytes (103 uL), NLR and PLR responses were evaluated
by receiver operating characteristic (ROC) analysis. Also,

the Area Under the Curve (AUC) value, sensitivity and specificity values were calculated. The level of significance was
set as p < 0.05.

RESULTS
The results obtained in the present study revealed that
the differences in age, gravidity, parity, height, body weight,
BMI, smoking habits and alcohol intake values were statistically not significant between the pregnant women, the women with a history of early pregnancy loss (EPL) and threatened
abortion (TA), and the healthy group (p > 0.05 for each).
The differences in hemoglobin count, platelet count,
neutrophil count and NLR values between the three
groups were not statistically significant (p = 0.15, p = 0.45,
p = 0.65 and p = 0.19, respectively) (Tab. 1).
The RBC counts were significantly lower in EPLG and
TAG compared to HCG (4.63 ± 0.32 vs 4.8 ± 0.35 106 uL
and 4.52 ± 0.39 vs 4.8 ± 0.35 106 uL for p < 0.001, respectively). Similarly, MPV was found to be significantly lower in
EPLG compared to HCG (8.71 ± 0.93 fL vs 10.6 ± 0.85 fL for
p < 0.001, respectively). On the other hand, there was no
difference in MPV between TAG and HCG (10.01 ± 1.25 fL vs
10.6 ± 0.85 fL for p > 0.05). The PLR was higher in EPLG and
TAG (148.01 ± 38.24 vs 122.9 ± 29.65 and 134.26 ± 42.51 vs
122.9 ± 29.65 for p < 0.001, respectively) (Tab. 1).
Prognostic values of the optimum cut-offs for first-trimester neutrophil counts, lymphocyte counts, platelet
counts, mean platelet volume, neutrophil–lymphocytes
ratio and platelet–lymphocyte ratio for predicting EPL and
TA are summarized in Tables 2a and 2b.
A cut-off value of ≤ 9.6 in the ROC analysis — performed
to investigate the effect of the MPV value in predicting EPL
— produced a sensitivity of 88% and a specificity of 88%.
The Area Under the Curve (AUC) for the MPV was 0.937 (95% CI:
75.7 to 95.5 %, p < 0.001) (Fig. 1a).
The AUC for PLR was 0.686 (p < 0.001) in EPLG (Fig. 1b).
The sensitivity and specificity of the PLR were determined
to be 78% and 50%, respectively, at a threshold PLR value
of > 115.41. Values > 115.41 were significantly related to
an increased risk of EPL.
The AUC for RBCs was found to be 0.633 (p < 0.017) in
EPLG (Fig. 1c). The sensitivity and specificity of the RBCs were
determined to be 46% and 76%, respectively, at a threshold
RBC value of ≤ 4.57 for EPL.
A cut-off value of ≤ 9.7 in the ROC analysis — performed
to investigate the effect of the MPV value in predicting TA
— produced a sensitivity of 40% and specificity of 84%. The
AUC for the MPV was 0.631 (p < 0.019) (Fig. 2a).
The AUC for RBCs was found to be 0.698 (p < 0.01) (Fig. 2b).
The sensitivity and specificity of the RBCs were found to
be 54% and 84%, respectively, at a threshold RBC value
of ≤ 4.45 in TA.
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Table 1. Can neutrophils count lymphocytes count platelet count mean platelet volüme neutrophils-lymphocytes ratio and platelets-lymphocytes
ratio during the first trimester of pregnancy predict early pregnancy loss and threatened abortion?
Demographic and clinical characteristics of patients

Early pregnancy loss

Threatened abortion

Healty control

p

Age [years]

27.7 ± 4.7

28.1 ± 4.0

27.1 ± 5.2

0.56

Gravida [number]

2.2 ± 2.7

2.8 ± 1.8

2.6 ± 1.8

0.11

Parity [number]

2.0 ± 1.1

1.9 ± 1.1

2.2 ± 3.7

0.84

Gestational age [week]

10 ± 2.1

11 ± 0.9

10 ± 1.8

0.91

RBCs [106 uL]

4.63 ± 0.32a

4.52 ± 0.39a

4.8 ± 0.35b

0.001**

Hemoglobin [g/dL]

12.63 ± 1.57

12.86 ± 1.13

13.15 ± 1.17

0.15

Platelets [103 uL]

271.62 ± 68.65

259.22 ± 45.89

272.64 ± 60.77

0.45

MPV [fL. mean ± SD]

8.71 ± 0.93a

10.01 ± 1.25b

10.6 ± 0.85b

0.001**

Neutrophils [103 uL]

5.81 ± 2.18

6.16 ± 2.12

6.11 ± 1.74

0.65

Lymphocytes [103 uL]

1.91 ± 0.57a

2.06 ± 0.51b

2.29 ± 0.57c

0.001**

NLR

3.19 ± 1.32

3.22 ± 1.75

2.77 ± 0.94

0.19

PLR

148.01 ± 38.24a

134.26 ± 42.51b

122.9 ± 29.65c

0.001**

RBCs — red blood cells; NLR — neutrophils-lymphocytes ratio; PLR — platelets-lymphocytes ratio; MPV — mean platelet volüme; **p < 0.01

DISCUSSION
Sacks et al. [15] reported that there was a large proinflammatory macrophage and natural killer cell flow in human decidua in the first trimester detected in the fourth week of pregnancy. In the present case-control study, the hypothesis was
structured on the possible association of NLR and PLR — two
of the systemic inflammatory markers in the first trimester of
pregnancy — with successful pregnancy results in the first trimester. Based on the literature research carried on this subject,
this is the first case-control study to examine the efficacy of hematological inflammatory markers for diagnosing EPL and TA.
Early pregnancy is a hypoxic case that may quicken
angiogenesis. Moreover, in a recent study, it has been reported that severe hypoxia and abnormal vascular endothelial growth factor signals may cause pregnancy loss [16]. All
the markers studied are expensive and involve non-routine
tests; in addition, the exact mechanism underlying the relationship with EPL and TA are unknown.
Significant increases in some CBC parameters, such as
WBC (white blood cell) type, change during pregnancy,
and a decrease in the ratio of granulocytes and T helper
(Th) -1 lymphocytes, as well as a decrease in the ratio of
Th-2 lymphocytes and monocytes, are observed in normal
pregnancy conditions [17]. Macrophages and monocytes
are of importance in the development of the placenta. Macrophages and monocytes promote the invasion of extravillous trophoblasts, spiral artery remodeling and the parturition
process. On the other hand, there are controversial reports in
published literature regarding the association of the deregulation of these cells with complications during pregnancy,
such as abortion, preeclampsia and preterm labour [18].
MPV, which shows platelet activation and function, is measured as a maximum amplitude (EPL). MPV is a precise measure
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of the platelet size. Larger platelets have higher MPV values;
therefore, higher MPV is more reactive and causes higher values
of hemostatic prothrombotic factors [19]. Moreover, in a group
of patients with maternal thrombophilia, hypercoagulability
may lead to low perfusion of the placenta, and ultimately, this
may cause loss of the fetus [19]. Kosus et al. found slightly increased EPL values for patient MPV. The researchers concluded
that slightly increased MPV might encourage thrombosis [20].
On the other hand, some investigators suggested that MPV was
significantly lower in patients with miscarriage compared to
the control group [21]. In this study, MPV values were found
to be significantly lower in EPLG than in TAG and HCG. It was
concluded that due to inflammation and bleeding, platelets
with higher activity (larger platelets) can migrate to the region
in earlier gestational weeks, and this may lead to a decrease in
MPV in maternal circulation in EPLG.
NLR is a marker that is important in inflammatory conditions. leukocyte types may vary depending on immune
response. Neutrophil count values increase whereas lymphocyte counts decrease. NLR varies in various systemic
inflammatory diseases. Various researchers have reported
that there was an increase in the prognostic and predictive
values of NLR in cases including colorectal and lung cancers,
and in hepatocellular carcinoma [7]. In addition, significant
changes were observed in NLR values for various conditions
seen during pregnancy. Kurtoglu et al. [22] reported high
NLR values in preeclampsia. Similarly, significant changes
were observed in NLR values in gestational diabetes, intrahepatic cholestasis and hyperemesis gravidarum [11, 12, 14].
In the present study, the relationship between NLR, EPL and
TA were not found to be significant.
PLR is another marker used to analyze thromboembolic events, inflammatory diseases and malignancies. It
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CI — confidence interval; LR+ — positive likelihood ratio; LR− — negative likelihood ratio; MPV — mean platelet volume; -PV — negative predictive3 value; +PV — positive predictive value
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> 178.72
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> 2.91

NLR

MPV [fL. mean±SD]

Neutrophils [103 uL]

≤ 24.2

≤ 9.7

Lymphocytes [103 uL]

Cut off
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Threatened abortion
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Table 2b
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Table 2a
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Table 2. Prognostic values of optimum cut-offs for first trimester neutrophils count, lymphocytes count, platelet count, mean platelet volüme, neutrophils-lymphocytes ratio and platelets-lymphocytes ratio in
predicting early pregnancy loss and threatened abortion
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Figure 1. ROC analysis performed to investigate the effect
of MPV, NLR, PLR, RBC value in predicting early pregnancy loss;
MPV — mean platelet volume; NLR — neutrophils-lymphocytes ratio;
PLR — platelets-lymphocytes ratio; RBC — red blood cell

Figure 2. ROC analysis performed to investigate the effect of
MPV, NLR, PLR, RBC value in predicting threatened abortion;
MPV — mean platelet volume; NLR — neutrophils-lymphocytes ratio;
PLR — platelets-lymphocytes ratio; RBC — red blood cell

has been reported that there is a significant relationship
between the increase in PLR and major side effects in cardiovascular diseases and the decrease in the survival rate
in some malignancies [23, 24]. PLR has been previously
examined in pregnancy-related issues such as gestational
diabetes, preeclampsia, pancreatitis and early premature
rupture of membranes (PPROM) [12, 13, 25]. Endothelial
dysfunction and the increase in elevated PLR can be associated with an increase in hemostatic functions which
lead to the thrombosis of spiral arterioles. In another study,
it has been stated that platelet activation is of utmost importance in the etiopathogenesis of arterial occlusion and
could also lead to injury to the endothelium, consequently,
leading to an increase in thromboxane A2 values [26]. Tola
EN. found a negative relationship between PLR and embryonic implantation. They explained this through thrombosis
of spiral arterioles [27]. Our study is the first to show that
PLR is an important predictor of EPL and TA. In the current
study, PLR was higher in EPLG and TAG (148.01 ± 38.24 vs
122.9 ± 29.65, 134.26 ± 42.51 vs 122.9 ± 29.65 for p < 0.001,
respectively) (Tab. 1).
A small sample size and lack of a power calculation
constitute the inherent limitations of the present study.
In addition, the fact that the research uses a retrospective
design and its use of data from a single tertiary medical
centre limits extrapolation of the results to the general
population. In spite of these limitations, this study is the first
that investigates the relationship between CBC inflammation markers, and EPL and TA.

expensive and are easy-to-apply, can be used to predict
fetal losses. Future studies on this subject should focus on
randomized, prospective, controlled trials carried out on
a larger subject group to obtain more precise conclusions.
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ABSTRACT
Objectives: The aim of the study was to assess the utility of mid-trimester ultrasound parameters in predicting birth weight
in low-risk pregnancy and high-risk pregnancy complicated with pregestational diabetes mellitus.
Material and methods: A study group comprised 97 healthy women and 160 women with pregestational diabetes (PGDM,
type 1), all in singleton pregnancy. Ultrasound examination was performed between weeks 11 and 14, and in weeks 20 and
30 of gestation, based on recommendations of the Polish Society of Gynecologists and Obstetricians, Ultrasonography
Division. We also checked uterine artery blood flow parameters.
Results: There is a correlation between the birth weight and ultrasound-ascertained parameters, including those characterising uterine artery blood flow and foetal biometry [abdominal circumference (AC), femoral length (FL), biparietal dimension
(BPD)].The biparietal dimension (BPD), head circumference (HC) abdominal circumference (AC) and pre-existing diabetes
are the ultrasound predictors of LGA. The presence of an early-diastolic uterine artery blood flow waveform notching, as
well as the uterine artery pulsatility index (UAPI), femoral length (FL) and hypertension in pregnancy are the ultrasound
predictors of SGA. In the subset of women with pre-gestational diabetes (PGDM), there is a negative correlation between
the birth weight and the uterine artery pulsatility index and early-diastolic uterine artery blood flow waveform notching.
In women with pre-gestational diabetes mellitus (PGDM), femoral length (FL) is a significant predictor of LGA and in case of
SGA significant predictors are uterine artery pulsatility index, artery blood flow waveform notching and femoral length (FL).
Conclusions: Midtrimester ultrasound parameters with confirmed usefulness in the prediction of birth weight in low-risk
pregnancy and high-risk pregnancy complicated with pregestational diabetes mellitus include: uterine artery PI, early-diastolic uterine artery blood flow waveform notching and foetal biometry.
Key words: birth weight; blood flow waveform notching; uterine artery pulsatility index; LGA; SGA
Ginekologia Polska 2020; 91, 4: 216–222

INTRODUCTION
The birth weight between the 10th and 90th percentile is
crucial to ensure proper course of labour. It also reduces the
risk of both early and late developmental complications. The
excessive foetal weight is referred to as macrosomia and
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large for gestational age (LGA). The term macrosomia is
related with a birth weight over 4000 g or 4500 g, regardless
of gestational age, with appropriate body proportions [1],
whereas LGA denotes a situation where the birth weight
exceeds the 90th percentile for the relevant gestational age

Anna Gasiorowska et al., Mid-trimester ultrasound parameters for predicting birth weight in low risk pregnancies vs high-risk pregnancies complicated

[1]. Foetal hypotrophy includes cases of small for gestational
age (SGA) and intrauterine growth restriction (IUGR). The
term “small for gestational age” has been coined to denote
foetuses unable to reach normal body weight (defined as the
10th percentile in a growth chart),whereas the IUGR indicates
foetal growth below the genetically expected potential and
applies to foetuses not reaching their potential optimum
growth and weight, with growth dynamics not corresponding to the gestational age [2].
Foetal hypertrophy is associated with a number of prenatal, perinatal and postnatal complications. During the
perinatal period, LGA is associated with a higher incidence
of cephalopelvic disproportion, maternal pelvic floor and
rectal sphincter muscle injury, shoulder dystocia and, in
turn, brachial plexus palsy, hypoxia and neonatal death [3].
Long-term observation of children with macrosomia shows
increased rates of overweight, obesity, diabetes, and hypertension in adult life. Children with birth weight over 4000 g
have been found to have increased incidence of insulin
resistance, risk of metabolic syndrome, abnormal fasting
glycaemia and impaired glucose tolerance in childhood [4].
Foetal hypotrophy, on the other hand, is associated with
an increased incidence of intrauterine death, prematurity
and cerebral palsy [3].
In 1980’s, the first studies evaluated the utility of uterine
artery blood flow parameters in gestational trophoblastic disease and increased uterine artery resistance. Stuart
Campbell published his first paper assessing blood flow
in uteroplacental circulation in IUGR [5]. Fleischer et al.
[6] described changes to the uterine artery blood flow
waveform and an increase in the systolic-to-diastolic time
index (SDI) in pregnant women with elevated blood pressure. In their paper on first trimester screening for gestational hypertension and pre-eclampsia, Gomez et al. [7]
showed significantly elevated pulsatility index (PI) values
in uterine arterial blood flow in patients who developed
pre-eclampsia after 20 gestational weeks compared to
the controls. A number of other studies followed, leading
to the development of universal screening for gestational
hypertension, pre-eclampsia and IUGR, i.e. all conditions associated with abnormal foetal growth leading to abnormal
birth weight. This enabled us to attempt to investigate the
relationship between mid-trimester uterine PI values and
subsequent birth weight.
The aim of the study was to assess the utility of mid-trimester ultrasound parameters in predicting birth weight in
low-risk pregnancy and high-risk pregnancy complicated
with pregestational diabetes mellitus.

MATERIAL AND METHODS
The study sample was described in detail in our previous
paper (Maternal factors and placental function parameters

in early pregnancy as predictors of birth weight in low risk
populations and among patients with pre-gestational diabetes) [8].
The women presenting for a routine antenatal appointment at 20 gestational weeks had their blood pressure
measured three times using a standardized (as per FMF
recommendations) manometer.
During the same appointment, an ultrasound assessment was carried out using the 3.5 MHz abdominal probe
in order to assess foetal biometry and anatomy as per the
guidelines of the Ultrasound Section of Polish Society of
Gynaecologists and Obstetricians as well as bilateral uterine artery blood flow as they branch out of the respective
internal iliac arteries. The pulsatility index (PI) was the key
assessed blood flow parameter. Each measurement was
taken three times, with the highest, lowest and mean values
included in statistical calculations. Furthermore, the uterine
artery blood flow waveform was assessed for the presence
of early-diastolic notching [9].
The statistical analysis included a logistic regression
and a multiple regression models carried out using the
SPSS package.

RESULTS
Study group characteristics are shown in Table 1.
There were no significant differences between healthy
pregnant women and those with pregestational diabetes
in terms of: height, weight, BMI, hypertension, right and
left uterine artery pulsatility index and mean pulsatility
index determined at about 20 gestational weeks, presence
of the early diastolic right or left uterine artery blood flow
waveform notching, birth weight and incidence of SGA.
The mean age of women with pregestational diabetes
was 29.8 years as compared to the mean age of 28.5 years
in healthy pregnant women. Both systolic and diastolic
blood pressure values at 20 gestational weeks were significantly higher in patients with pregestational diabetes
mellitus than in healthy pregnant women (110.1 mmHg
vs 107.5 mmHg, p = 0.25 and 68.7 mmHg vs 65.5 mmHg,
p = 0.23 for systolic and diastolic BP, respectively). The
mean arterial blood pressure assessed at 20 gestational
weeks was significantly lower in PGDM patients than in
patients in non-PGDM women (82.5 vs 86.5, p = 0.030).The
incidence of LGA in PGDM patients was significantly higher
than in non-DM patients (21.6% vs 9%, p = 0.017).
Statistical analysis demonstrated that the significant
birth weight predictors were presence of the early diastolic
right or left uterine artery blood flow waveform notching
and the mean uterine artery pulsatility index with the inverse association between them. There was a positive correlation between the metabolic parameter, i.e. abdominal
circumference (AC), and the bone growth parameter, i.e.
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femoral length (FL), and the birth weight. After adjustment
for pregestational weight, PAPPA level and hypertension

in early pregnancy, these parameters remained significant
predictors of birth weight (Tab. 2).
The logistic regression demonstrated that the biparietal dimension [(BPD), p = 0.049], head circumference [(HC),
p = 0.044], abdominal circumference [(AC), p = 0.013] and
pre-existent diabetes (p = 0.020) were significant predictors
of LGA in the entire study sample. Pre-existent diabetes increased the risk of LGA three-fold compared to non-PGDM
women. Positive correlation has been demonstrated between
the biometric parameters, i.e. BPD, HC, AC and LGA incidence
(Tab. 3). However, when the logistic regression model was adjusted for the crown-rump length (CRL), nuchal translucency
(NT), P1GF level and mean pulsatility index in uterine arteries
assessed during the routine appointment at 12 gestational
weeks, all parameters listed in Table 3 proved non-significant.
The significant predictors of SGA in the entire study sample were the presence of an early-diastolic left uterine artery
blood flow waveform notching (p = 0.018), mean uterine
artery pulsatility index (p = 0.010), femoral length (p = 0.016)
and gestational hypertension (p = 0.037). The highest risk of
SGA was associated with a high mean uterine artery pulsatility index [(UAPI), OR = 9.97]. In the logistic regression model
presented in Table 4, the presence of an early-diastolic left
uterine artery blood flow waveform notching increased the
risk of SGA five-fold, while hypertensive disease of pregnancy increased that risk three-fold.
In the subset of women with pregestational diabetes
(PGDM), the analysis demonstrated a negative correlation
between the birth weight and the following: right uterine
artery pulsatility index (p = 0.010), an early-diastolic right
uterine artery blood flow waveform notching (p = 0.007),
an early-diastolic left uterine artery blood flow waveform
notching (p = 0.010), higher (p = 0.008) and mean (p = 0.028)
uterine artery pulsatility indices. After adjustment for maternal height, PAPPA and beta-HCG levels, these parameters
still remained significant birth weight predictors (Tab. 5).
In women with pre-gestational diabetes mellitus
(PGDM), femoral length (FL) was a significant predictor of

Table 1. Study group characteristics
Parameter

Non-DM

PGDM

p

Age

28.5 ± 5.3

29.8 ± 4.7

0.030

Height

162.2 ± 6.0

166.0 ± 6.3

0.569

Pregestational weight

66.2 ± 12.4

65.3 ± 14.6

0.227

Pregestational BMI

24.3 ± 4.7

23.7 ± 5.1

0.161

Maternal hypertensive
disorders [%]

7.2%

11.3%

0.386

Microvascular complications
present (only patients with
PGDM)

–

16.3%

Age on DM diagnosis (only
patients with PGDM)

–

18.1 ± 8.5

Diabetes duration (only
patients with PGDM)

–

17.0 ± 8.5

HbA1c at 20 gestational weeks
(only patients with PGDM)

–

5.6 ± 0.95

Systolic BP at 20 gestational
weeks

107.5 ± 12.5

110.1 ± 11.7

0.025

Diastolic BP at 20 gestational
weeks

65.5 ± 8.8

68.7 ± 10.5

0.023

Mean BP at 20 gestational
weeks

86.5 ± 9.7

82.5 ± 10.2

0.008

RUA PI at 20 gestational
weeks

0.86 ± 0.31

0.89 ± 0.29

0.212

LUA PI at 20 gestational
weeks

0.93 ± 0.29

0.95 ± 0.38

0.553

Right or left UA waveform
notching [%]

17.2

10.8

0.274

Mean UAPI

0.89 ± 0.29

0.92 ± 0.28

0.246

Birth weight

3314 ± 512

3388 ± 596

0.191

LGA %

9.0%

21.6%

0.017

SGA %

9.0%

11.5%

0.654

BMI — body mass index; PGDM — pre-gestational diabetes; UAPI — uterine
artery pulsatility index; LGA — large for gestational age; SGA — small for
gestational age

Table 2. Independent mid-trimester birth weight (a dependent variable) predictors in the entire cohort
Non-standardised coefficient B

95% CI for B

Adjusted R2

p

Unadjusted –0.215
Right or left UA
waveform notching Ad
–0.232

–313.44

–540.38; –86.50

0.04

0.007

–377.8

–622.4; –133.3

0.11

0.003

Mean PI in uterine
arteries

Unadjusted –0.195

–362.70

–652.6; –72.84

0.03

0.015

Ad

–408.7

–715.1; –102.3

0.098

0.009

Abdominal
circumference (AC)

Unadjusted 0.158

4.51

0.62; 8.41

0.02

0.023

Ad

0.164

4.45

0.88; 8.01

0.09

0.015

Femoral length (FL)

Unadjusted 0.165

19.6

3.42; 35.70

0.02

0.018

Ad

18.7

2.9; 34.6

0.087

0.021

Parameter

Standardised coefficient B

–0.212

0.157

Ad — adjusted for pregestational weight, PAPPA and hypertensive disorders of pregnancy
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Table 3. Independent mid-trimester predictors of LGA in the entire sample - logistic regression analysis with LGA presence/ absence as a dependent
variable. The data are presented as both unadjusted odds ratio and odds ratio adjusted for early pregnancy assessed factors
Independent variable in the logistic regression ENTER model
BPD
HC
AC
Pre-existent diabetes YES

OR

95% CI for OR

p

Unadjusted 0.067

Regression coefficient B

1.07

1.00; 1.14

0.049

Ad

0.002

1.002

0.92; 1.09

0.956

Unadjusted 0.015

1.015

1.00; 1.03

0.044

Ad

0.005

1.005

0.99; 1.02

0.617

Unadjusted 0.025

1.025

1.005; 1.045

0.013

Ad

1.006

0.98; 1.03

0.607

Unadjusted 1.03

0.006

2.8

1.2; 6.7

0.020

Ad

1.46

0.54; 3.9

0.461

0.375

Ad — adjusted for CRL, NT, PlGF and mean UAPI at 12 gestational weeks; BPD — biparietal dimension; HC — head circumference; AC — abdominal circumference

Table 4. Independent predictors of SGA in the entire study sample — logistic regression analysis with SGA presence/absence as a dependent
variable. The data are presented as an unadjusted odds ratio
Independent variable in the logistic regression ENTER model

Regression coefficient B

OR

95% CI for OR

p

Left UA waveform notching

1.602

4.96

1.31; 18.74

0.018

Mean UAPI

2.3

9.97

1.75; 56.79

0.010

FL

–0.132

0.88

0.79; 0.97

0.016

Hypertensive disorders of pregnancy YES

1.19

3.3

1.08; 10.02

0.037

UAPI — uterine artery pulsatility index; FL — femoral length

Table 5. Independent mid-trimester birth weight (a dependent variable) predictors in PGDM subset. The calculations were adjusted for early
pregnancy factors identified as birth weight predictors in PGDM subset
Non-standardised coefficient B

95% CI for B

Adjusted R2

p

Unadjusted –0.285

–520.46

–912.8; –128.2

0.07

0.010

Ad

Parameter
PI in the right UA

Standardised coefficient B

–537.13

–952.7; –121.6

0.18

0.012

Right UA waveform
notching

Unadjusted –0.296

–605.5

–1043.6; –167.4

0.09

0.007

Ad

–702.5

–1155.9; –249.0

0.21

0.003

Left UA waveform
notching

Unadjusted –0.285

–544.58

–954.3; –134.9

0.07

0.010

Ad

–0.318

–677.2

–1104.8; –249.6

0.21

0.002

A higher of the two
UAPI values

Unadjusted –0.291

–429.8

–746.3; –113.3

0.07

0.008

Ad

Mean UAPI

–0.263
–0.307

–0.259

–409.1

–746.9; –71.3

0.17

0.018

Unadjusted –0.244

–479.3

–906.4; –52.3

0.05

0.028

Ad

–466.8

–928.4; –5.2

0.20

0.048

–0.217

Ad — adjusted for maternal body height, PAPPA and beta-HCG; UAPI — uterine artery pulsatility index

LGA (p = 0.052). After adjustment for early pregnancy (12 gestational weeks) PAPPA level and mean uterine artery pulsatility index, it still remained a significant predictor of LGA
(p = 0.032). Albeit significant, the odds ratio of LGA in foetuses
with higher FL was only slightly above 1. The adjustment for
early pregnancy (12 gestational weeks) for PAPPA level and
mean uterine artery pulsatility index did not affect the odds
ratio of LGA in foetuses with higher FL (OR 1.15, Tab. 6).
In women with pre-gestational diabetes, the following
were significant predictors of SGA: right uterine artery pulsa-

tility index (p = 0.005), an early-diastolic right and left uterine
artery blood flow waveform notching (p = 0.008), higher
of the two uterine artery pulsatility indices (p = 0.005),
mean uterine artery pulsatility index (p = 0.008) and femoral length (p = 0.039). Regression model adjustment for
P1GF level at 12 gestational weeks did not affect the significance of most analysed predictors, with FL being the
only exception.
The highest risk of SGA was demonstrated in foetuses
with mean uterine artery pulsatility index (unadjusted
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Table 6. Independent predictors of LGA in women with pre-gestational diabetes. Logistic regression analysis with LGA present/absent as
a dependent variable. The data are presented as odds ratios - unadjusted and adjusted for known first-trimester risk factors for LGA
Independent variable in the logistic regression ENTER model
FL

OR

95% CI for OR

p

Unadjusted 0.115

Regression coefficient B

1.12

0.999; 1.26

0.052

Ad

1.15

1.013; 1.32

0.032

Ad — adjusted for PAPPA and mean UAPI at 12 gestational weeks; FL — femoral length

Table 7. Independent predictors of SGA in women with pre-gestational diabetes. Logistic regression analysis with SGA present/absent as
a dependent variable. The data are presented as odds ratios — unadjusted and adjusted for known first-trimester risk factors for SGA
Independent variable in the logistic regression ENTER model
RUA PI
Right or left UA waveform notching
A higher of the two UAPI values
Mean UAPI
FL

OR

95% CI for OR

p

Unadjusted 4.101

Regression coefficient B

60.4

3.4; 1086.4

0.005

Ad

63.2

2.7; 1457.6

0.010

Unadjusted 2.44

4.147

11.5

1.9; 69.9

0.008

Ad

2.83

16.9

2.3; 124.8

0.005

Unadjusted 3.17

23.7

2.6; 212.1

0.005

Ad

3.77

43.2

2.6; 714.2

0.008

Unadjusted 4.36

78.3

3.1; 1998.6

0.008

Ad

141.7

2.8; 723.9

0.014

Unadjusted -0.138

4.95

0.87

0.76; 0.99

0.039

Ad

0.89

0.78; 1.03

0.123

-0.111

Ad — adjusted for PlGF at 12 gestational weeks; UAPI — uterine artery pulsatility index; FL — femoral length

OR = 78.3 and adjusted OR = 141.7). The risk of SGA in
foetuses with higher right uterine artery pulsatility index
was 60-fold higher than in those with lower UAPI (unadjusted OR = 60.4 and adjusted OR = 63.2). This may indicate
a lateral circulatory shift in pregnancy with higher vascular
resistance in the right uterine artery than in the left one. The
risk of SGA in foetuses with higher uterine artery pulsatility
index was 23-fold and 43-fold higher in the unadjusted and
adjusted model, respectively, than in those with lower UAPI.
The presence of an early-diastolic right and left uterine
artery blood flow waveform notching increased the risk
of SGA 12-fold in the unadjusted model and 17-fold in the
adjusted model. The femoral length (FL) did not increase
the risk of SGA in both unadjusted and adjusted model
but served as a significant SGA predictor in the unadjusted
model (Tab. 7).

DISCUSSION
The analysis of the mid-trimester material in this study
demonstrated a number of associations between ultrasound
parameters and birth weight. It confirmed the previously
observed correlations between the foetal biometric parameters, i.e. BPD, HC, AC, FL and birth weight, as well as the
effect of first-trimester placental markers and mean uterine
artery pulsatility index which we have reported previously. It
showed that the uterine artery pulsatility index assessed in
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both first and second trimester is not only a prognostic parameter of pre-eclampsia and IUGR but also of birth weight.
Our study, although carried out in a small sample, confirmed the significance of abdominal circumference (AC)
and femoral length (FL) in birth weight estimation. This
finding is corroborated by the study based on ultrasound
foetal biometry analysis between 22 and 43 gestational
weeks in 5163 pregnancies, which proved that the Hadlock
formula developed in 1985, based on the measurements of
head circumference (HC), abdominal circumference (AC) and
femoral length (FL) provides the most accurate birth weight
estimation and can be used in all foetuses, included those
with suspected intrauterine growth abnormalities [10].
The paper reporting a mid-trimester screening for LGA
based on maternal history and foetal biometry was published in Ultrasound in Obstetrics and Gynecology [11]. That
British study was carried out in samples of 76300, 54999,
25727 and 6181 pregnant women. The procedure included
antenatal ultrasound scans at 11–13, 19–24, 30–34, and
35–37 gestational weeks LGA was defined as foetal weight
above the 95th percentile. The likelihood of LGA increased
with increasing maternal weight and height as well as in
women with pre‐existing diabetes mellitus Type I, but decreased in those with chronic hypertension, cigarette smokers and in nulliparous women. The mid-trimester screening,
based on maternal history and foetal biometry, had detec-
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tion rates of 37%, 51% and 68%, respectively, with false
positive rates of 5%, 10% and 20%, respectively.
Poon et al. evaluated the utility of complex screening
based on maternal history, foetal biometry as well as biophysical and biochemical markers ascertained at 19–24 gestational weeks, in predicting SGA, excluding pre-eclampsia,
and selecting the optimum timeframe for the third trimester ultrasound scan (at either 32 or 36 gestational weeks).
The screening, based on maternal history, foetal biometry,
uterine artery PI, P1GF and AFP levels, was carried out in
7816 pregnant women, including 389 cases of SGA. Not
only was the screening crucial for SGA prediction, but it also
determined the optimum timeframe for the third trimester ultrasound scan (at either 32 or 36 gestational weeks).
The SGA detection rates (DR) were 100%, 78% and 42% for
foetuses born before 32, between 32–36 and after 37 gestational weeks, respectively, with a false positive rate of 10%.
The third-trimester scan was needed at 32 gestational weeks
in 11% and at 36 gestational weeks in 44% of the screened
women, but not needed at any time in the third trimester
in 57% of the screened women [12].
Lesmes et al. reported a similar mid-trimester screening
protocol, yet not including biomarker levels. The screening
algorithm for SGA prediction (referred to as foetal weight
below the 5th percentile) carried out at 19–24 gestational
weeks was based on maternal history, MAP, foetal biometry
and uterine artery pulsatility index (PI). Its utility in selecting
the optimum timeframe for the third trimester ultrasound
scan (at either 32 or 36 gestational weeks) was also assessed.
In a group of 63,975 screened women, SGA was confirmed in
3702 (5.8%) cases. The detection rates (DR) of their screening based on maternal history, foetal biometry and uterine
artery pulsatility index were 90%, 68% and 44% for foetuses
born before 32, between 32–36 and after 37 gestational
weeks, respectively, with a false positive rate of 10%.The
mean arterial pressure (MAP) inclusion in the algorithm did
not improve the results. Based on a hypothetical model with
an assumed SGA detection rate of 80%, they estimated that
the third-trimester scan was needed at 32 gestational weeks
in 17% and at 36 gestational weeks in 38% of the screened
women, but not needed at any time in the third trimester
in 62% of the screened women [13].
Familiari et al. reported a significant predictive role of
uterine artery blood flow parameters in SGA screening. Their
second trimester screening administered to 23,894 pregnant
women at 19–24 gestational weeks was based on maternal
history including age, BMI and ethnicity; foetal biometry
and uterine artery pulsatility index. All abovementioned
parameters correlated significantly with the risk of SGA < 5th
centile (p < 0.01). Uterine artery pulsatility index alone was
capable of predicting 25%, 60% and 77% of SGA in foetuses
born at > 37, < 37 and < 32 gestational weeks, respectively,

with a false positive rate of 10%.Including foetal biometrics, maternal history and uterine artery pulsatility index
increased SGA detection to 40%, 66% and 89% in foetuses
born at > 37, < 37 and < 32 gestational weeks, respectively,
with a false positive rate of 10% [14].
Parry et al. described a similar study conducted in
8024 pregnant women, assessed for SGA during three consecutive antenatal visits. They measured bilateral uterine
artery resistance and pulsatility indices and evaluated the
presence of an early-diastolic uterine artery blood flow
waveform notching in an ultrasound carried out between
16 weeks 0 days and 22 weeks 6 days gestation. SGA defined
as birth weight below the 5th percentile was confirmed
in 358 cases (4.5%). The positive predictive value for this
threshold was below 15%, with the area under the curve
(AUC) of 0.50–0.60. The AUC additionally improved to 0.63–
0.66 after including maternal age, BMI, ethnicity, smoking
status, chronic hypertension, and pre-existing diabetes in
the model. This test was concluded not to be clinically useful
for predicting SGA [15].

CONCLUSIONS
1. There is a correlation between the birth weight and
ultrasound-ascertained parameters, including those
characterising uterine artery blood flow and foetal biometry [abdominal circumference (AC), femoral length
(FL), biparietal dimension (BPD)].
2. The biparietal dimension (BPD), head circumference
(HC) abdominal circumference (AC) and pre-existing
diabetes are the ultrasound predictors of LGA.
3. The presence of an early-diastolic uterine artery blood
flow waveform notching, as well as the uterine artery
pulsatility index (UAPI), femoral length (FL) and hypertension in pregnancy are the ultrasound predictors of
SGA.
4. In pregnant women with pregestational diabetes
(PGDM), there is a negative correlation between the
birth weight and the uterine artery pulsatility index
and early-diastolic uterine artery blood flow waveform
notching.
5. In pregnant women with pre-gestational diabetes mellitus (PGDM), femoral length (FL) is apredictor of LGA
and uterine artery pulsatility index, artery blood flow
waveform notching and femoral length (FL) are predictors in case of SGA.
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ABSTRACT
Objectives: The aim of this study was the analysis of activity of selected muscles stabilizing the sacroiliac joints in pregnant women suffering from pelvic pain and changes in the pattern in response to the implementation of Kinesio Taping
(elastic tape).
Material and methods: Seventeen women with Pregnancy-related Pelvic Girdle Pain and 20 pregnant women without
pain in the lumbar-pelvic complex were enrolled into the study. In patients with pelvic pain, the parameters describing the
action of the muscles were assessed: before the tape was applied, immediately after application, 3 days into application
and 5 days after the cessation of taping. In the control group, the test was carried out one time. The activity of the muscles
was measured during extension of the hip from a four-point kneeling position.
Results: The gluteus maximus muscle shows higher resting activity values than in the control group, before and after application of the tape as well as five days after the removal of the tape. Before application, the gluteus maximus activates
quicker than in the control group while the ipsilateral extensor spinae had a delayed activation when compared to the
control group.
Conclusions: The patterns of activation of tested muscles and their action potential values are different in the group
of women with pelvic pain compared to the group without pelvic pain. The application of KT in the lumbar region appears to alter the activation of the GM muscle as well as improve activation of IES muscle during hip extension from the
four-point-kneeling position.
Key words: pelvic pain; back pain; electromyography; pregnancy; motor activity
Ginekologia Polska 2020; 91, 4: 223–230

INTRODUCTION
Pregnancy-related Pelvic Girdle Pain (PPGP) is a common problem which affects the normal daily functioning of
pregnant women [1]. According to the literature this problem concerns about 20% of women, however some of the
evidence suggests even about 50% of women are affected
[2–4] or 70–80% [5]. Etiology of PPGP remains unclear and
the main potential factors are hormonal, biomechanical,
post-traumatic, or degenerative. Appearance of low back

pain (LBP) before pregnancy and psychosocial factors seem
to be important in the occurrence of PPGP [6]. PPGP deteriorates quality of life (QoL), activities such as bending, lifting,
sleeping, prolonged walking, sitting and standing [1, 7].
Despite growing interest in this problem, objective, valid,
and consistent research about the biomechanics and therapies
of PPGP are still missing [8, 9]. Due to the developing fetus in
pregnancy, the use of pharmacotherapy, including pain medications, is limited. For this reason, other, non-pharmacological
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methods of treatment are sought. Interest is mainly placed in
physiotherapeutic methods. Kinesio Taping method (KT) was
developed in 1970. by Dr. Kenzo Kase, who applied elastic tape
on the skin to improve body’s ability to self-regeneration [7].
Original Japanese tape, Kinesio Tex Gold, consists of cotton
and acrylic copolymer and the tape’s surface is interrupted
by wave-shaped folds to allow skin contact with the air [10].
Kinesio Taping is a safe and non-invasive method, which forms
a sort of feedback for proprioceptors, acting on both muscles
in the taped area as well as tissues located beneath the tape.
Tape application lifts the skin from the tissues beneath what
improves blood flow under taped area [11].
Improvement of the previously mentioned motor control is only possible if the physiological mechanisms underpinning the proper cooperation of all components are
understood. Thus, the evaluation of surface electromyography (sEMG) [12] seems to be the most helpful method in
determining motion patterns, pinpointing any pathologies
as well as the effectiveness of therapy, potentially restoring
physiological muscle tension for the referenced segment of
the lumbar-pelvic complex. sEMG has been used for over
40 years to characterize muscle activity pattern [12]. The
electromyogram registers the sum of the actions of the motor units during the contraction of the evaluated muscle. The
most often described measurements in sEMG are amplitude
and activation order of the tested muscles. The amplitude
indicates the extent to which a given muscle activates in the
test, meanwhile the changes in the time of muscle activation
can influence the motor control [12, 13].

Objectives
The aim of the study was the analysis of myoelectrical
activity of the muscles stabilizing the sacroiliac joints (SIJ)
in a group of pregnant women suffering from PPGP before
and after implementation of KT, based on the analysis of
amplitude and activation order of selected muscles. We
hypothesize that women with PPGP have different resting
and motion activity as well as changed order of activity of
the tested muscles during hip extension compared to the
activation pattern in healthy controls. Based on mechanism
of action of the KT method we also hypothesize that physiological pattern of the muscle activity can be regained by KT.

MATERIAL AND METHODS
Study design
A total of 45 women with or without PPGP was enrolled
in this non-randomised interventional study between July
and December of 2013. Women who were identified by
physiotherapist as suffering from PPGP were treated with
KT for 5 days (Fig. 1). Before KT as applied, sEMG analysis for
women with PPGP as well as for healthy participants was
done to show potential differences between both groups. On
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the 3rd day of tape application and 5 days after completion
of KT treatment the sEMG test was applied in intervention
group. No other pain management intervention was used.
No other pain release intervention was used. Inclusion criteria for both groups: written permission of the patient and
her primary physician to participate in the study, an uncomplicated single fetus pregnancy, 18–35 week of pregnancy,
age 20–40 at the beginning of the study. Additional criteria
for IG were: confirmation of pain in the pelvic region, positive
results of the three tests: Posterior Pelvic Pain Provocation
(4P) [1], Long Dorsal Ligament (LDSL) [10], as well as modified
Trendelenburg Test [1, 10] and a negative Straight Leg Raise
test (SLR) [11]. The last test was used to disqualify patients
with pain generated in the lumbar spine region.
Exclusion criteria included: the occurrence of other pain
symptoms originating from the pelvis diagnosed earlier by
the patient’s primary physician, as well as acute spinal pain
syndrome at the beginning of the study. Allergy to acrylic
was another criteria for participants to be included in the IG.
The study was carried out in accordance with the Helsinki Declaration and was approved by the Bioethics Commission of Wroclaw Medical University (Bioethics Commission
Specific Number: KB-551/2012 dated July 7, 2012) before
the commencement the study.

Participants
Intervention group (IG)
In total, 25 women with self-reported PPGP attending
classes at a birthing school were recruited and qualified
for the study into the intervention group. The participants
filled out a questionnaire and gave consent to participate
in the study. Information about the age (years), height (m)
and weight (kg) before pregnancy, Body Mass Index (BMI)
(calculated by examiner on the basis of information reported by the participants), week of pregnancy, occupation
(static/dynamic kind of work) was gathered. Medical history
was collected, containing information: internal diseases in
pregnancy, LBP incident before pregnancy and topography
of the pain during participation in the study [1]. Additionally, patients from the IG filled out a Visual Analogue Scale
(VAS) for the purposes of grading the intensity of the pain.
The whole group of patients underwent sEMG assessment
and appropriate examinations and tests to confirm PPGP.
Five women were excluded from the study due to high
rate of artifacts on sEMG examination which made the test
non-diagnostic. Three additional women backed out of the
experiment without providing a reason. Finally, seventeen
women with PPGP were included and analyzed in the study.

Control group (CG)
Twenty women attending classes at a birthing school
who did not report PPGP were recruited and qualified for the
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45 pregnant women from Birthing School recruited

25 pregnant women with PPGP

20 pregnant women without PPGP

sEMG (0)

5 pregnant women with PPGP excluded
because of sEMG artifacts
AND
3 pregnant women with PPGP withdrawn
their prior consent

17 pregnant women with PPGP
KT application (days)
1 sEMG (1)
2
3 sEMG (2)
4
5 KT removal
6 observation
7 observation
8 observation
9 observation
10 observation and sEMG (3)

20 pregnant women without PPGP

PPGP — Pregnancy-related Pelvic Girdle Pain; sEMG — surface electromyography; KT — Kinesio Taping, sEMG e KT
application day 1, sEMG (1) — test immediately after KT application day 1, sEMG (2) test day 3 with KT application,
sEMG (3) — test 5 days after KT removal
Figure 1. Recruitment of the patients and the course of intervention

control group. The patients filled out the same questionnaire
as IG and gave consent to participate in the study Despite
patients denying PPGP symptoms, the same examination
and tests as for IG were performed. Only women with no
symptomology of PPGP and negative tests were included
in the CG.

Intervention

Figure 2. Application of the electrodes in compliance with the
guidelines of the SENIAM A- ipsilateral erector spinae muscle,
B-ipsilateral gluteus maximus muscle, C-ipsilateral biceps femoris
muscle, D-contralateral erector spinae muscle

Kinesio Taping was used for five days in IG with I-shape
application and then, in fifth day removed for the next five
days follow-up. I-shape application is a KT technique, where
elastic tape is applied with slight stretch (approximately 5%
of initial length) on the elongated target muscle (Fig. 2). The
muscle application with 5% tape tension was applied to the
extensor spinae muscles on either side of the spine during
full flexion of the trunk position. The base of the tape was
applied in the standing position, inferior to the line connecting the posterior superior iliac spine (PSIS) while its terminus
was at the inferior angle of the scapula. The length of the
tape was contingent on the height of the patient. In order to
ensure the proper application of electrodes, both tapes had
openings cut into them, 8 cm long and 2 cm wide starting
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at approximately the level of L1 vertebra. Application for
the ligaments with approximately 50% tension was applied
crosswise to the previous I-shape application at the level of
the PSIS (Fig. 2).

extension of the hip joint of the lower right limb, next followed by the same in the lower left limb. Each extension
was separated by a five second resting phase.

Surface Electromyography

The three measurements were averaged and smoothed
using the RMS (Root Mean Square — Square root of the
mean in the specified time window) algorithm as well as
cleaned from electrocardiogram (EKG) artifacts. The results
of the amplitudes during movement were normalized with
the help of the RVC (Reference Voluntary Contraction)
method, relying on comparison of two different active
assignments of the selected muscle (ratio of average values of amplitude of extension/rest phases) [13]. For the
purpose of calculating results the “ONSET–OFFSET” formula
was used as well as the “Average Activation” formula. The
muscle was considered active during extension of the hip
joint if the average resting tension from the first 100ms of
motion was three times higher than the sum of the average amplitude at rest and standard deviation during the
first 100 ms [13].

The sEMG data collection
To assess the activity of the selected muscles stabilizing the SIJ, sEMG was used. The analysis was carried out
on all participants. Subsequent measurements were only
performed on women belonging to the IG (Fig. 1) and were
performed as follows: directly after application of the KT, on
the third day of tape use and on the tenth day of the study
(five days after the tapes’ removal to assess whether muscles’
activity changes are still present despite tape removal).
The muscles were assessed using 8 channels sEMG system
TeleM9000 produced by the Noraxon company (USA), in
cooperation with the MyoResearch MasterEdition programming and the four lead surface system Myotrace400 also
from Noraxon, cooperating with MyoResearch MasterEdition programming. The muscles assessed through sEMG
were : ipsi and contralateral erector spinae muscles of the
lumbar spine (IES — ipsilateral erector spinae muscle, CES
— contralateral erector spinae muscle), ipsilateral gluteus
maximus (GM — gluteus maximus muscle) the ipsilateral
biceps femoris muscle (BF — biceps femoris muscle). Single
use pediatric gel electrodes from Bio Lead Lok B (produced
by Vermed, Lendersdorf, Germany) with Ag/AgCl senstrs
with a diameter of 30 mm was used. The electrodes were
applied in compliance with the guidelines of the SENIAM
project (Fig. 2).
The analysis was carried out during a thrice repeated
hip extension from a four-point kneeling position (due to
advanced pregnancy) (Fig. 3 and 4) [12] in a room temperature 23 degrees Celsius. According to the protocol for
extension of the lower limb the patient took a four-point
kneeling position. After five seconds rest phase in this position and when given the command “Extend the hip” patient
actively performed the test in the form of a three repetition

Figure 3. Rest phase in four-point kneeling position before
performing the test of hip extension
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Variables of interest
Epidemiological data was obtained for description purposes and to compare any possible differences between
both groups. Information on internal disease in pregnancy
was obtained to exclude other possible causes of pain other
than PPGP.
VAS scores were obtained to asses intensity of pain in IG.
Parameters registered on the sEMG examination in the
study:
1. Resting amplitude in four-point kneeling position [uV].
2. Amplitude during extension of the hip joint from the
four-point kneeling position registered from following
ipsilateral muscles: extensor spinae (A), gluteus maximus
(B), biceps femoris (C) as well as the contralateral extensor spinae muscle (D) [uV] (Fig. 2).
3. Muscle activation order time “Onset time” [s].

Figure 4. Hip extension in four-point kneeling position
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Statistical analysis
An analysis of the results was conducted with the help of the
statistical packet PQSat ver. 1.4.2.324. Age (years), height (m),
mass (kg) and BMI (kg/m2) was compared with the Mann-Whitney U-test. The performed work in tested groups was compared using the dependency Pearson’s Chi-square test with
Yates correction. Results from IG and CG were analyzed with
student t-test. VAS analysis was conducted through the Friedman ANOVA. Probability significance was set at p < 0.05 and
high probability significance was set at p < 0.01.

RESULTS
The characteristics of the examined groups
In total, 17 women with confirmed PPGP and 20 healthy
pregnant women were included in the study. Both groups
were matched to the described characteristics (Tab. 1).
Table 2 shows the value of resting amplitude during
sEMG examination in the four-point kneeling position.
IG showed a higher resting activity of the GM compared to
the CG before application of the tape (p = 0.003) as well as
directly after application of the tape (p = 0.04), as well as
on the tenth day of the study (five days after removing the
tape) (p = 0.03). Additionally, on the tenth day of the study
a significant increase in the resting of the CES muscle was
noted in IG compared to the CG (p = 0.02).
Table 3 shows the order of muscle activation for select
muscles during extension of lower limb in four-point kneeling position. In IG, the GM activates faster compared to the
CG (p = 0.007) when measured before application of the
tape. Activation of the IES was significantly delayed when
compared to the CG both, before application of the tape
(p = 0.02), as well as after the application (p = 0.02).

In the sEMG testing there was no statistical
significance for:
1. Differences in resting amplitude in IG between subsequent measurements of individual muscles.
2. Results of the mean amplitude of the extension/rest
phases during the active hip extension in the four-point

Table 1. Epidemiological data of the studied groups
Mean
Occupationa, n (%)
Mean age
BMIa
week of
[years]
[kg/m2]
pregnancy
Mean SD
Mean SD Dynamic Static
Mean SD
IG
n = 17

30.5
2.45

29.6
4.5

27.9
16.4

4
(23.5)

13
(76.47)

CG
n = 20

29.9
4.6

30.8
2.5

21.2
2.5

3
(15)

17
(85)

p

0.31

0.71

0.11

0.81

IG — intervention group, CG — control group, BMI — body mass index,
a — before pregnancy, p ≤ 0.05 statistical significance, Mann-Whitney U-test

kneeling position between groups and between subsequent measurements in IG.
3. Differences between groups in relation to activation
time of selected muscles as well as in the IG between
subsequent measurements.

Results from VAS assessment in IG on the days of EMG
testing
On the first day, before application of KT, the average
score on VAS was 31 (SD = 23.2) mm. On the third day of
therapy the patients assessed their pain on average at
25.5 (SD = 23.6) mm and on the tenth day of the study
(five days after removal of the plasters) they averaged
26.1 (SD = 20.7) mm. Despite the decrease in self assessed
pain values according to VAS, no statistical significance was
found (p = 0.31616 ANOVA Friedman and Kendall’s compatibility coefficient for p ≤ 0.05).

DISCUSSION
KT method is viewed to be effective in reducing pain
level, improving function of the muscles and stability of the

Table 2. The value of the resting amplitude assessed by sEMG from
women in the four-point kneeling position between intervention
(IG) and control group (CG) in respect with the time of KT application
IG (n = 17)
Time of
Mean
measurement/
amplitude
/examined muscle
[uV]

CG (n = 20)
Mean
amplitude
[uV]

Student
p
t-test

Before KT
application
IES
CES
GM
BF

5.04
4.21
5.22
9.36

4.88
4.11
2.75
7.76

0.17
0.12
3.16
0.95

0.86
0.90
0.003
0.34

Immediately after
KT application in IG
IES
CES
GM
BF

4.27
5.34
6.71
7.25

4.88
4.11
2.75
7.76

-0.91
1.56
2.03
-0.35

0.36
0.12
0.04
0.72

Three days of KT
application in IG
IES
CES
GM
BF

5.85
4.92
6.17
8.57

4.88
4.11
2.75
7.76

1.22
0.74
1.80
0.52

0.23
0.45
0.08
0.60

Five days after KT
remove
IES
CES
GM
BF

6.12
6.04
4.15
10.17

4.88
4.11
2.75
7.76

1.21
2.27
2.21
1.40

0.23
0.02
0.03
0.16

IG — interventionl group; CG — control group; KT — Kinesio Taping;
sEMG — surface electromyography; IES — ipsilateral erector spinae muscle;
CES — contralateral erector spinae muscle; GM — gluteus maximus muscle;
BF — biceps femoris muscle; p ≤ 0.05 statistical significance; student t-test
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Table 3. Differences in order of muscles activation for selected
muscles during extension of lower limb at the hip joint in four-point
kneeling position between intervention (IG) and control group (CG)
IG
(n = 17)
Mean
time [s]

CG
(n = 20)
Mean
time [s]

Student
p
t-test

Before KT application
IES
CES
GM
BF

0.83
0.64
0.65
0.87

0.47
0.62
0.98
0.98

2.49
0.15
–2.81
–0.74

0.01
0.87
0.007
0.45

Immediately after KT
application in IG
IES
CES
GM
BF

0.82
1.08
0.90
0.75

0.47
0.62
0.98
0.98

2.40
1.93
–0.59
–1.60

0.02
0.06
0.55
0.11

Three days of KT
application in IG
IES
CES
GM
BF

0.75
0.61
0.85
0.86

0.47
0.62
0.98
0.98

1.66
–0.09
–1.23
–0.88

0.10
0.92
0.22
0.37

Five days after KT remove
IES
CES
GM
BF

0.54
0.64
0.75
0.81

0.47
0.62
0.98
0.98

0.52
0.14
–1.95
–1.32

0.60
0.88
0.05
0.19

Time of measurement/
/examined muscle

IG — intervention group, CG — control group, KT — Kinesio Taping,
sEMG — surface electromyography, IES — ipsilateral erector spinae muscle,
CES — contralateral erector spinae muscle GM — gluteus maximus muscle,
BF — biceps femoris muscle, p ≥ 0.05 — statistical significance, student t-test

joints. Decision on the type of application is based on the
specific goal: pain relief, joint stabilization, facilitating of the
weakened muscles or relaxation of the overloaded ones [14].
Elastic tape used in KT contains folds on the tape’s surface,
what may support mechanically muscles and ligaments by
lifting the skin. The space between skin and tissues below
improves blood supply in area of soft tissues and facilitates lymphatic fluid movement. In addition, KT provides
stimulation of the cutaneous receptors and proprioceptive
feedback [11, 14].
To our best knowledge this is the first study which measures activation of the muscles stabilizing SIJ in pregnant
women with and without PPGP.
According to the results the most important findings
are that women suffering from PPGP have higher resting
activity of GM, the muscle activates faster compared to the
healthy subjects and that KT application appears to delay
activation of GM in group with PPGP.
The statistical significance was obtained in each of the
sEMG time-points only for the GM muscle. The reasons may
be twofold. First, because women in advanced pregnancy
with increasing abdominal circumference adopt a position
which moves the center of gravity posterior. Following this
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the spine and particularly the lumbar curve undergoes
a flattening, and the sacral bone undergoes posterior pelvic tilt which leads to diminished stability of the SIJ [15].
Moreover, in advanced pregnancy the joint capsule of the
SIJ is relaxed (diminished form closure) and the ligaments
of the pelvis also are relaxed (diminished force closure) [16].
In this condition pelvic positioning the GM has increased
activity to compensate diminished tension of SIJ ligaments which leads to pain appearance in loading [17, 18].
Moreover, the thoracolumbar fascia (TLF) has a huge influence on SIJ stability through connection of the deep
fibers to the GM fibers. The exertion of the TLF changes in
the PPGP as a result of the changes in GM tension [19]. In
our study, the resting activity of GM in IG increased when
KT was applied. IES was released only immediate after KT
application and in the next sessions of sEMG tests started
to increase with the highest value in the 10th day of the
test. The KT application used in our study might act on the
studied muscles in two ways: elevating the skin, which
enlarged the space between skin and TLF and improves
the blood circulation and through this facilitates muscle
contraction. Moreover, by acting on the skin receptors
we speculate that KT inhibits the pain and improves body
posture by acting on proprioceptors [20–22].
During the extension of the hip joint in the CG, the IES
and CES were activated before the GM. In contrast to this
for the IG we observed delayed activation of the extensor
muscles (especially for IES) with previous activation of the
GM. This activation time was reversed to the normal pattern
at the 3rd day of KT application (it assumes values similar to
the control group p = 0.1 for IES and p = 0.2 for GM) and was
maintained until five days after the tapes removal (p = 0.6 for
IES and p = 0.058 for GM). Differences in activation time for
the GM were observed just after tapes application (p = 0.55)
and were maintained five days after removing the tapes with
slow regression observed (p = 0.058). The quicker activation
of the GM may be tied to increased resting tension [17]. We
speculate that facilitation of IES activity after KT application
might delay activation of GM during hip extension in the
next sEMG sessions.
PPGP is one of the most frequently reported complaints
during pregnancy, affecting normal daily activities for many
pregnant women. The risk of development of PPGP is increasing with numbers of previous parities, in women with
higher maternal age and pre-pregnancy overweight and
obesity. Higher BMI is a risk factor for musculoskeletal disorders, osteoarthritis, low back and pelvic girdle pain, and
gait problems. In PPGP, where transfer of the loads between
trunk through pelvis to the lower limbs during walking, is
disabled, increased BMI and weight gain may increase disability and pain connected with overloading of the SIJ area
[23, 24]. In this study, we have been able to demonstrate
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a different activity pattern in pregnant women with compared to women without PPGP, suggesting that this altered
activity pattern may play a role in PPGP. The application of
KT may be a possible favourable and non-pharmaceutical
treatment approach for women with PPGP in advanced
pregnancy [25, 26]. The sEMG testing in addition to VAS
assessment may provide complex information regarding
the correlation between perception of pain and changes
in activity of muscles stabilizing the lumbar-pelvic area. Up
until now, KT has been assessed, primarily as supplemental
therapy which provided an unclear picture on the influence
of KT on pelvic pain [27], furthermore, questionnaires and
VAS scales were used to assess the influence of KT on pain
level and quality of life, which records only the subjective
perceptions of the patient while skipping assessment of
objective parameters such as measurements recorded by
SEMG [28]. In pregnant women, where the muscle activity is greater due to ligament weakness, continuation of
the above testing is indicated. Assessment of activity of
selected muscles through physical training jointly with KT
as analgesic therapy would seem to be a promising field to
investigate as well.

Limitations of the study
One of the study limits is the small number of participants. Bigger sample size could control the risk of
false-negative findings interpretation [29]. sEMG is wildly
used to record static and dynamic activity of the muscles. It
is a valuable, qualitative tool to assess the effects of any
intervention in rehabilitation including KT application [30].
To characterize the activity of selected muscles, it is important to choose proper parameters of sEMG. The use of
normalization method is important to interpret the results
of amplitude parameters and the most common is maximal
voluntary contraction (MVC) normalization [31, 32]. In our
study, to assess the amplitude during extension of the hip
joint in the four-point kneeling position, the RVC method
was used, because of characteristics of the participants
(advanced pregnancy). For this reasoning our data cannot
be compared to other studies, where another normalization method was used. The four-point kneeling position
in pregnant women was used for the first time to assess
activity of muscles working in co-contraction in the area of
the lumbar-pelvic complex. The sEMG in pregnant women
was previously used to assess pain in the lumbar region,
however only from a standing position [33]. The four-point
kneeling position used in our study makes comparison
of our observations to widely reported studies using the
Prone Hip Extension (PHE) position impossible [34]. Also, it
seems to be useful to apply tapes for a longer time and to
perform sEMG testing at several additional “time points”, eg.
immediately after tapes removal, in future studies.

CONCLUSIONS
Women suffering from PPGP have increased resting
activity of GM. The application of KT in the lumbar region
appears to alter the activation of the GM muscle as well as
improve activation of IES muscle during hip extension from
four-point-kneeling-position. By acting on electrical parameters of muscles in selected area, Kinesio Taping method
could be a helpful tool to relieve pain in such group of
patients. More research about correlation between changes
in tested muscles activity pattern and intensity of pain in SIJ
area need to be further considered.
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ABSTRACT
We present recommendations on performance and safety measures of ultrasound examinations in obstetrics and gynecology during the SARS COV-2 pandemic. The statement was prepared based on the current knowledge on the coronavirus
by the Ultrasound Section of the Polish Society of Obstetrics and Gynecology. It has to be noted that the presented guidance is based on limited evidence and is primarily based on experiences published by authors from areas most affected by
the virus thus far, such as China, Singapore, Hong Kong, and Italy. We realize that the pandemic situation is very dynamic.
New data is published every day. Despite the imposed limitations related to the necessity of social distancing, it is crucial
to remember that providing optimal care in safe conditions should remain the primary goal of healthcare providers. We
plan to update the current guidelines as the situation develops.
Key words: pregnancy; ultrasound examination; coronavirus; prevention
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INTRODUCTION
Due to the current epidemiological situation related to
the SARS CoV-2 pandemic to minimize the risk of coronavi-

rus transmission among ultrasound practitioners in Poland,
the Ultrasound Section of the Polish Society of Gynecologists and Obstetricians has compiled recommendations
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in the field of ultrasound examinations in obstetrics and
gynecology. The aim is to present the most up to date information on performance and safety measures of ultrasound
examinations in obstetrics and gynecology during the SARS
CoV-2 pandemic. The statement was prepared based on the
current knowledge on the coronavirus and its known routes
of transmission. The authors are a group of experts of the
Ultrasound Section of the Polish Society of Obstetrics and
Gynecology. It has to be noted that the presented guidance is based on limited evidence and is primarily based on
experiences published by authors from areas most affected
by the virus thus far, such as China, Singapore, Hong Kong,
and Italy [1].

5.

6.

7.

RECOMMENDATIONS
Ultrasound Section of the Polish Society of Gynecologists and Obstetricians recommends the following in the
field of ultrasound examinations in obstetrics and gynecology:
1. An initial selection of patients should be made before
carrying out an ultrasound examination by:
a) teleconsultation and completing a risk assessment
of COVID-19 online with a questionnaire
or
b) telephone conversation with the patient and risk
assessment by the reception employee
or
c) completing a questionnaire and epidemiological
risk assessment immediately after reporting to the
ultrasound performing facility.
Only patients with a negative history and asymptomatic
will be scanned.
In the case of patients with an adverse epidemiological
history, not feverish but with cold symptoms, it is advisable
to postpone the examination until the symptoms subside.
It can be assumed that in mild cases, postponing the
examination for 7 days should be sufficient.
2. Pregnant women with a positive history should be quarantined for 14 days and not have ultrasound screening.
In case of emergency, hospital care in a COVID-19 dedicated center is recommended.
3. Pregnant women with COVID-19 or with a positive
SARS-CoV-2 test should have ultrasound examinations performed only for justified medical indications
in multidisciplinary (so-called single-purpose) centers
dedicated to caring for patients with SARS-CoV-2 infection (according to the list published by the Ministry of
Health).
4. In a hospital setting, only clinically indicated examinations should be performed. These principles should be
adapted to the recommendations issued by the Polish
Society of Gynecologists and Obstetricians and national
232
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9.

10.
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14.

specialists in the field of obstetrics/gynecology and perinatology [2–4].
In suspected, likely or confirmed cases of COVID-19 infection, ultrasound examination of fetal growth, AFI,
and umbilical artery blood flow should be performed
when clinically necessary. Bedside testing is preferred.
In the following weeks of pregnancy, the parameters,
as mentioned above, should be monitored depending
on the obstetric situation every 2–4 weeks [5, 6] (Tab. 1).
If infection with COVID-19 is confirmed during the first
or early second trimester, an ultrasound examination
should be recommended between 18 and 24 weeks
of pregnancy.
In outpatient settings, I, II, and III trimester exams should
be performed. In emergencies, only if the examination
cannot be performed in a hospital setting (acute abdomen, suspected ectopic pregnancy, adnexal tumor
torsion, oncological patients, PID, bleeding from the
genital tract of unknown etiology).
All other planned examinations should be postponed.
(i.e., in particular 3D/4D, gynecological examinations
and routine breast examinations, or monitoring of selected symptoms in obstetrics — benign dilatation of
lateral ventricles of the brain, renal pelvic dilatation).
During obstetric examinations, due to the increased
risk of transmission during a vaginal ultrasound, the
number of endovaginal probe examinations should
be minimized. Also, throughout the time of the epidemiological threat, cervical length should be assessed by
a transabdominal examination. If the cervical length is
less than 25 mm, we recommend vaginal progesterone.
There is no need to verify the measurement with a transvaginal probe. Avoid creating aerosols from potentially
infectious material (vaginal discharge).
We carry out invasive testing following current recommendations and guidelines [7].
It is required to shorten the duration of the ultrasound examination, by limiting the number of parameters assessed
(e.g., temporarily refraining from Ductus Venosus and Tricuspid Regurgitation assessment in fetuses with normal NT
measurement in the first trimester of pregnancy) (Tab. 1).
It is required to limit the number of patients in the waiting room and enforce a complete restriction on the
presence of accompanying persons. It is also required to
maintain a distance of at least 2 meters between people.
It is required to keep the distance between the patient
and the sonographer as large as possible.
During an ultrasound examination, verbal and visual
contact with the patient should be limited. Consultation
of the ultrasound findings should take place after completing the exam. It is essential to keep a safe distance
during verbal communication.
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Table 1. Modification of routine examination depending on COVID-19 infection status/screening positive for symptoms/medical history/obstetric
history and national guidelines for performance of routine ultrasound screening
Type of scan

Asymptomatic/negative
screening

Asymptomatic/positive
screening

Symptomatic/positive
screening

Symptomatic/asymptomatic/
positive COVID-19

< 10 weeks
viability scan,
pregnancy
dating

Do not perform, unless heavy
bleeding or pain;
consider in patients with high risk
of abnormally invasive placenta*

Do not perform, unless
heavy bleeding or pain;

Do not perform, unless
heavy bleeding or pain;

Do not perform, unless heavy
bleeding or pain;
if necessary, ultrasound in
dedicated one–purpose hospital

Combined test
NT + PAPP–A + fBHCG, regardless
11–13.6 weeks
of maternal age**
Offer NIPT

Reschedule combined
test for at least two weeks
if still within gestational
age or CRL (45–84 mm,
11–13.6 weeks)
Offer NIPT, without scan at
11–13.6 weeks. Perform
a detailed scan in
3–4 weeks after quarantine

Reschedule combined
test for at least two weeks
if still within gestational
age or CRL (45–84 mm,
11–13.6 weeks)
Offer NIPT, without scan at
11–13.6 weeks. Perform
a detailed scan in
3–4 weeks after quarantine

Reschedule combined test for
at least two weeks if still within
gestational age or CRL (45–84 mm,
11–13.6 weeks)
Offer NIPT, without scan at
11–13.6 weeks. Perform a detailed
scan in 3–4 weeks after quarantine.
If necessary, perform ultrasound in
a dedicated one-purpose hospital

18–22 weeks

Anomaly scan

Reschedule after
quarantine in
2–3 weeks***

Reschedule after
quarantine in
2–3 weeks***

Reschedule after quarantine in
2–3 weeks***

Fetal growth
scan in the
thirdtrimester
28–32 weeks

Do not perform, unless clinically
indicated; assess risk factors of
fetal growth restriction during
a teleconsultation;
Perform scan only in high-risk
patients for abnormal fetal growth

Do not perform, unless
clinically indicated; assess
fetal growth 2–3 weeks
after quarantine to screen
for fetal growth restriction

Do not perform, unless
clinically indicated; assess
fetal growth 2–3 weeks
after quarantine to screen
for fetal growth restriction

Do not perform, unless clinically
indicated; assess fetal growth
2–3 weeks after quarantine to
screen for fetal growth restriction
If necessary, perform ultrasound in
a dedicated one–purpose hospital

Twin
pregnancies

According to national ministerial
recommendations

According to
national ministerial
recommendations;
Perform scan in 2 weeks
after quarantine

According to
national ministerial
recommendations;
Perform scan in 2 weeks
after quarantine

According to national ministerial
recommendations; Perform
scan in 2 weeks after quarantine; if
necessary, perform ultrasound in
a dedicated one-purpose hospital

*Women with more than two cesarean sections, previous AIP, > 3 miscarriages with ECU or previous ectopic pregnancy; **in Poland the national prenatal screening
program is free of charge only for women > 35 or with a previous or family history of congenital abnormalities; ***if high risk for abnormalities that fit the national laws
for termination of pregnancy, inform the patient of time frame and rights if necessary perform ultrasound/invasive diagnosis in full protection

15. Only the patient can stay in the office and waiting room
— no accompanying persons. It is strictly prohibited,
bringing children to the medical facility.

RECOMMENDED PERSONAL PROTECTIVE
EQUIPMENT
1. At least a surgical mask for the doctor and midwife, in
case the staff is infected and asymptomatic, to avoid
exposure of the pregnant woman. The mask also reduces
the frequency of contact with the mouth and nose,
which we often touch unknowingly. The availability of
masks is limited.
2. We recommend promoting safe behaviors. Every patient should attend the scan visit wearing a face mask.
Many patients may be asymptomatic, causing a threat
of spreading the virus while speaking. This threat is
not only to medical practitioners but to other patients
present in the facility. The virus lasts a long time in the
air, and often there is no possibility of airing the office
during the day. It is recommended to air the office several times a day.
3. Protective goggles.

4. An ideal mask would be a mask with an FFFP2 (N95) or
FFP3 (N100) filter. The availability of masks is limited.
5. Perform the ultrasound examination in disposable
gloves.
6. Hand wash and disinfect after each examination — optimally using a dispenser without aerosol production [8]!

CLEANING AND DISINFECTION OF
THE DEVICE — ACCORDING TO THE
MANUFACTURER’S INSTRUCTIONS
1. After each patient, use a cloth soaked in disinfectant to
clean the probes and surfaces of the device.
2. Since information about COVID-19 is incomplete, it is
recommended to use high-level disinfectants
3. High-level disinfectants include:
a) ethanol 80–95% (exposure time 30 sec),
b) 2-propanol 75–00% (exposure time 30 sec),
c) 2-propanol and 1-propanol 45% and 30% (exposure
time 30 sec),
d) sodium hypochlorite 0.21% (Antisapril Blu 2%, exposure time 30 sec),
e) glutaraldehyde 2.5% (exposure time 5 min),
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f ) hydrogen peroxide 0.5% (REVITAL-OX RESERT, exposure time 1 min).
4. Protective eyewear and gloves should be used when
cleaning, disinfecting or sterilizing any equipment [1, 9].

SUMMARY
We realize that the pandemic situation is very dynamic.
New data is published every day. Despite the imposed limitations related to the necessity of social distancing, it is crucial
to remember that providing optimal care in safe conditions
should remain the main goal of healthcare providers. We
plan to update the current guidelines as the situation develops.
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