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INTRODUCTION
Abnormal labor patterns are relatively prevalent ob-
stetric complications that justify medical intervention 
during labor. Approximately 20% of labors are thought 
to be affected by these conditions [1-4]. Hypotonic uter-
ine activity (HUA) is one of the most common reasons 
for labor arrest in primiparous women that increases the 
risk of operative vaginal delivery, CS, and postpartum 
hemorrhage [3-7]. Excessive uterine activity (EUA) or 
uterine tachysystole produce a significant negative 
impact on the mothers (uterine and birth canal trauma, 
amniotic fluid embolism, postpartum hemorrhage) and 
neonates (hypoxia, intracranial hemorrhage, trauma) 
due to excessive myometrial stimulation [2, 7-11].

Over the last decade, it has been established that 
intraamniotic inflammatory response represented by 
chorioamnionitis (CAM) and funisitis is characterized 
by an increased amniotic fluid white blood cell count 

[12-15] and increased concentrations of inflammatory 
mediators which play a crucial role in human parturition 
[16-20]. In more recent publications, Gonzales J.M. et al. 
(2011), Hamilton S. et al. (2012), Hamilton S. et al. (2013), 
Keelan J. et al. (2018), Shynlova O. et al. (2020) [21-25] 
have demonstrated intense inflammatory myometrial 
infiltration of monocytes, neutrophils and macrophages 
before labor and have shown that inflammatory cy-
tokines, bacterial lipopolysaccharide and monocytes 
themselves can increase myometrial cell contractions 
and cause a hypertonic uterine dysfunction. On the 
contrary, other authors [26–33] have reported that intra-
uterine inflammation and/or hyperthermia associated 
with CAM reduces uterine contractility.

Despite a better understanding of the etiology and 
management of labor abnormalities [1–3, 7-10, 34], our 
knowledge about the effect of intrauterine inflammation 
on the course of labor is limited. Whether preexistent 
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inflammation produces abnormal labor or labor aber-
rations contribute to the development of inflammatory 
complications intrapartum is an issue that appears 
never to have been raised. There is no unequivocal data 
on whether inflammatory lesions of the myometrium 
are associated with different types of uterine activity 
pathology. Since there is currently no published data on 
the availability of a correlation between different types 
of dysfunctional labor and the inflammatory changes 
of the uterus and chorioamniotic membranes, the mea-
surement of such potential complications is important 
for the development of possible preventive measures.

AIM 
The aim of our study was to examine the association 
between different types of uterine contractility dys-
function and the inflammation of the uterus and cho-
rioamniotic membranes. 

MATERIALS AND METHODS
The study comprised 382 women with singleton 
pregnancy at 28-42 weeks’ gestation who underwent 
CS due to abnormal uterine contractions and other 
complications.

Maternal information included maternal age, parity, 
gestational age (based on the last menstrual period 
and/or ultrasound examination findings), GBS coloni-
zation, clinical CAM status, duration of labor (defined 
as the presence of true labor pain and partograph data 
until the CS), duration of ruptured fetal membranes 
period prior to operation, level of cervical dilation at 
the surgery, number of vaginal examinations, oxytocin 
usage, antibiotic, antipyretic and tocolytic treatment.

The first observation group enrolled 168 women with 
HUA who were operated on due to the absence of labor 
progress. The second observation group consisted of 
70 women with EUA who were made to deliver abdom-
inally because of intrapartum cardiotocography (CTG) 
abnormalities, placental abruption, and combined in-
dications. The control group included 144 women (65 
women in the first stage of labor with regular uterine 
contractions and 79 women without labor) who under-
went CS due to different indications.  

Oxytocin was used for augmentation of labor in all 
patients in HUA group when the action line on par-
tograph (four hours to the right of the alert line) was 
crossed [35–38] and for induction of labor in GBS-in-
fected women with premature rupture of membranes 
in EUA and control group patients [39–40]. Prophy-
lactic antibiotics were always administered after cord 
clamping and biopsy removal. Intrapartum antibiotics 

were administered to patients with GBS colonization, 
in the setting of prolonged membrane rupture (>18 
hours) in women with an unknown GBS status as well 
as to patients with symptoms of clinical CAM [39–40]. 
Women with hyperthermia received antipyretic therapy 
[29–30, 32]. In cases of acute fetal distress combined 
with tachysystole, acute tocolysis with selective beta2 
(ß2)-adrenergic agonists was used [10].  

CARDIOTOCOGRAPHY
The CTGs on admission and during labor were carefully 
analyzed to define fetal heart rate and uterine activity 
abnormalities. The following criteria of fetal distress 
were applied: diminished short-term heart rate variabil-
ity (variability < 5 beats per minute (bpm) persisting for 
>20 minutes); sustained tachycardia (basal heart rate > 
160 bpm for > 20 minutes); sustained bradycardia (basal 
heart rate < 100 bpm >20 minutes); repetitive late or 
variable decelerations; sinusoidal pattern (visually ap-
parent, smooth, sine wave-like, undulating pattern in 
fetal heart rate baseline with a cycle frequency of 3-5 
per minute persisting for >20 minutes) [41].

  External monitoring of uterine contractions 
using a tocodynamometer evaluates increased myo-
metrial tension measured through the abdominal wall. 
5 contractions with an intensity of >200 Montevideo 
units (MU) were considered to be adequate uterine 
activity (peak intensity of each contraction calculated 
in millimeters of mercury (mm Hg) minus basal uterine 
tone, summed over a 10-min period) but <300 MU with 
basal tone < 25 mmHg and > 50 mmHg contraction 
peak/active pressure in a 10-minute period for 2 hours 
[41]. Excessive uterine activity (EUA) was defined as 
increased intensity of contractions (MU >300), uterine 
tachysystole (the CTG showed more than 5 contractions 
in a 10-minute period, averaged over a 30-minute win-
dow), uterine hypertonus (a single contraction lasting 
for more than 2 min or contractions of normal duration 
occurring with a relaxation time of less than 60 seconds 
or resting pressure >25 mmHg) [2, 41]. Hypotonic uter-
ine activity (HUA) was diagnosed when more than one 
of the following criteria was met: decreased intensity of 
contractions (MU <200), the frequency of contractions 
is <2 within 10 minutes, the peak/active pressure during 
contraction is < 25 mmHg at the cervical dilation of 4 
to 8 cm and <40 mmHg at the cervical dilation of >9 
cm, the duration of contraction is <20 to 30 seconds at 
the cervical dilation of >4 cm [41]. A protracted active 
first stage (once 4-cm cervical dilation is achieved) was 
defined as no cervical dilation after 6 hours of inade-
quate contractions, with ruptured membranes, despite 
oxytocin administration [1, 38]. 
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HISTOLOGICAL EXAMINATION 
Full-thickness biopsy specimens of endometrium 
(decidua) and myometrium from the upper margin of 
the lower uterine segment incision and upper uterine 
segment obtained through the dissection of a strip of 
myometrium from the inner surface of the posterior 
uterine wall during the CS were received immediately 
after delivery of the child and taken for histopathologic 
assessment. In 5 women in the HUA group, myometrial 
biopsies were taken from the anterior wall of the 
lower segment and upper uterine body, immediately 
following the hysterectomy.
The following sites of the placentas were sampled: 
chorion-amnion, the chorionic plate, and the umbili-
cal cord. Three to nine sections of the placenta were 
examined, and at least one full-thickness section was 
taken from the center of the placenta; others were taken 
randomly from the placental disc [42].

Each of the samples was placed in 10% neutral buff-
ered formalin for fixation and embedded in paraffin. 
Sections of tissue blocks were stained with hematoxylin 
and eosin. Samples were fixed for 24 hours at 4°C.

The presence of inflammatory reaction in the myome-
trium and endometrium (decidual tissue) was analyzed 
and correlated with the clinical parameters of the case. 
Evaluation of specimens was modified from the scale 
described by Keski-Nisula L.T. et al., 2003 [43]. Normal 
samples were graded 0, and those that contained clearly 
identifiable polymorphonuclear leukocytes (PMNs) and 
monocytes/macrophages were graded as positive for 
acute inflammation using a scale of 1 to 4: 1, or mild: 
1 focus of at least 5 PMNs and 3 macrophages; 2, or 
moderate: >1 focus of grade 1 inflammation or at least 

1 focus of 5-20 PMNs and 3-10 macrophages; 3, or 
marked: multiple and/or confluent foci of grade 2; 4, 
or very marked: diffuse and dense acute inflammation.

Inflammatory lesions of the placenta and umbilical 
cord were diagnosed according to established criteria 
[44-46]. Placental inflammation was defined as the in-
filtration of neutrophils into the chorion and amnion. 
Histologic chorioamnionitis (hCAM) was defined as 
the presence of acute inflammatory changes on exam-
ination of a membrane roll and chorionic plate of the 
placenta: stage 1 (hCAM1) – acute subchorionitis or 
chorionitis; stage 2 (hCAM2) – acute chorioamnionitis: 
PMNs extend into fibrous chorion and/or amnion; stage 
3 (hCAM3) – necrotizing chorioamnionitis: karyorrhexis 
of PMNs, amniocyte necrosis, and/or amnion basement 
membrane hypereosinophilia. Funisitis was diagnosed 
in the presence of neutrophil infiltration into the umbil-
ical vessel walls or Wharton’s jelly, according to criteria 
of Amsterdam Placenta Workshoup Group [47]: stage 
1 – chorionic vasculitis or umbilical phlebitis; stage 
2 – involvement of the umbilical vein and one or more 
umbilical arteries; stage 3 – necrotizing funisitis.

The present study was approved by the institutional 
review board (Bioethics Commission) of Danylo Ha-
lytsky Lviv National Medical University (No. 156). All 
procedures in this study were performed in accordance 
with the ethical standards of the institutional and na-
tional research committee.

STATISTICAL ANALYSIS
Mann-Whitney U test and one-way analysis of 
variance were used to compare the continuous 

Fig. 1. Indications for Caesarean section.
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variables. Chi-squared test was used to compare 
the categorical variables. Comparative analysis of 
the development of HUA, EUA, and availability of 
inflammation in the tissue samples, as well as iden-
tification of univariate associations between the 
labor abnormalities and preoperative clinical factors 
were carried out through logistic regression analysis 
performance. For each variable, one category as the 
control was chosen, and odds ratios (ORs) or adjusted 
odds ratios (aORs) and 95% confidence intervals (CI) 
for the other categories were calculated. Probability 
values p<0.05 were considered to be statistically 
significant. Statistica 10 software (StatSoft, USA) was 
used for the statistical analyses.

RESULTS
Figure 1 shows the main indications for cesarean section 
of the study participants. 

Table 1 and Table 2 show the clinical and obstetric 
characteristics of the study patients in observed groups. 

The mean maternal age was not different among the 
groups (p>0.05), although the HUA group tended to 
have more patients aged 18–25 years. The mean gesta-
tional age at delivery in patients in the HUA and control 
groups differed significantly from patients in the EUA 
group (40.2, 38.4 and 33.3 weeks, respectively (p<0.01). 
The rate of primiparous in the HUA group (61.3%) was 
far above that of the EUA (24.3%) and control groups 
(43.1%) (p<0.05).

Table 1. Clinical characteristics of the patients in the HUA, EUA, and control groups

Variable
Groups of patients

p-valueHUA 
n=168

EUA 
n=70 Control n=144

Maternal  age, years (mean±SD) 27.6±5.7 32.1±4.8 30.3±4.2 NS

Gestational age at delivery, weeks (mean±SD) 40.2±1.4 33.3±4.6 38.4±4.1 <0.01a

Multiparous, n (%)  
Primiparous, n (%)

65 (38.7)
103 (61.3)

53 (75.7)
17 (24.3)

82 (56.9)
62 (43.1)

<0.05b

<0.05b

Birth weight at delivery, g (mean±SD) 3680±458 1920±814 3440±465 <0.01a

GBS-colonization, n (%) 16 (9.5) 10 (14.3) 9 (6.3) NS

Clinical CAM:
antenatally, n (%)

intrapartum, n (%)

14 (8.3)
2 (1.2)

12 (7.1)

13 (18.6)
9 (12.9)
4 (5.7)

0
<0.05b

<0.01b

<0.05b

Values are given as mean±standard deviation (SD) unless specified otherwise 
 a – p-value: one-way analysis of variance 
 b – p-value: chi-squared test
 NS – p-value: not significant (p>0.05).

Table 2. Obstetric characteristics of the patients in the HUA, EUA, and control groups

Variable
Groups of patients

p-valueHUA 
n=168

EUA 
n=70

Control
n=65

Mean interval from onset of labor to the surgery, h (mean±SD) 18.4±6.9 5.6±4.2 8.8±3.3 <0.05a

Premature rupture of fetal membranes, n (%) 81 (48.2) 57 (81.4) 14 (21.5) < 0.05b

Duration of ruptured fetal membranes before the surgery, h (mean±SD) 16.2±8.0 51.7±41.7 6.2±1.4 <0.01a

Mean cervical dilation at the surgery, cm (mean±SD) 8.1±1.7 4.4±1.8 5.6±2.5 <0.05a

Number of vaginal examinations with membrane rupture before the surgery >4, n (%) 81 (48.2) 0 4 (6.2) <0.01b

Uterine activity in the 0.5 h prior to delivery, MU (mean±SD) 94±37 422±66 168±53 <0.05a

Use of oxytocin, n (%) 168 (100) 6 (8.6) 3 (4.6) <0.01b

Intrapartum antibiotics, n (%) 53 (31.6) 43 (61.4) 3 (4.6) <0.01b

Use of antipyretics, n (%)   10 (5.9) 9 (12.9) 0 <0.05b

Acute tocolysis, n (%) 0 22 (31.4) 0 NS

Results are expressed as mean ±standard deviation (SD) unless specified otherwise   
MU - Montevideo units
a - p-value: one-way analysis of variance 
b - p-value: chi-squared test
NS – p-value: not significant (p>0.05).
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and 6.2±1.4 h, p<0.01); a lower level of cervical dilation 
(4.4±1.8 cm vs 8.1±1.7 cm, and 5.6±2.5 cm, p<0.05) and 
stronger uterine activity (422±66 MU vs 94±37 MU, and 
168±53 MU, p<0.05). More than 4 vaginal examinations 
after membrane rupture during the management of labor 
were performed in 81 (48.2%) women in the HUA group 
and in 4 (6.2%) women in the control group (p<0.01). 

Intrapartum antibiotics in the HUA, EUA, and control 
groups were administered to 99 parturients (in all 
GBS-colonized women after rupture of membranes or 
beginning of labor (n=16; n=8; n=3); in patients with an 
unknown GBS status and the duration of ruptured fetal 
membranes >18h (n=25; n=26; n=0); in patients with 
symptoms of clinical CAM in labor (n=12; n=4; n=0). In 
all cases with CAM and fever (n=10 in the HUA group 
and n=9 in the EUA group) antipyretics were prescribed. 
22 patients in the EUA group underwent acute tocolysis 
before surgery due to fetal distress. 

The data of histological analysis of the uterine walls 
layers and fetal and placental membranes in studied 
groups are presented in Table 3 and Table 4. 

Absence of decidual inflammation (0 grade) was 
found only in 14 patients in the control group (9.7%) 

Due to the prevalence of preterm labor, the mean 
weight of newborns was much higher in the HUA and 
control groups than in the EUA group patients (3,680 
g and 3,440 g vs 1,920 g, p<0.01).

Clinically evident CAM was diagnosed more frequent-
ly in the EUA group patients compared to those in the 
HUA group (18.6% vs 8.3%, p <0.05). However, in the 
HUA group, 12 out of 14 women developed clinical CAM 
intrapartum due to prolonged labor. The EUA group 
was dominated by the patients with clinical CAM (9/13), 
which developed antenatally against the background 
of a prolonged period (> 72 h) from rupture of the fetal 
membranes prior to delivery. 

In the process of comparing the course of labor (Table 
2), the following statistically significant differences among 
the study patients were found between the groups. 
Women in the EUA group had a higher incidence of pre-
mature rupture of membranes than women in the HUA 
and control groups (81.4% (EUA group) vs 48.2% (HUA 
group), and 21.5% (control group), p<0.05); a shorter 
mean interval from onset of labor to the CS (5.6±4.2 h 
vs 18.4±6.9 h, and 8.8±3.3 h,  p< 0.05); a longer period of 
rupture of fetal membranes (51.7±41.7 h vs 16.2±8.0 h, 

Table 3. The grade of inflammatory infiltration of decidua and myometrium in the HUA, EUA, and control groups patients

Grade
Groups of patients

p-value a

HUA, n=168 EUA, n=70 Control, n=144

Decidual samples, n (%)

0 0 0 14 (9.7) NS

1 49 (29.2) 17 (24.3) 106 (73.6) < 0.01

2 54 (32.1) 23 (32.9) 16 (11.1) < 0.05

3 55 (32.7) 18 (25.7) 8 (5.6) < 0.05

4 10 (6.0) 7 (10) 0 < 0.05

Grade ≥2 119 (70.8) 48 (68.6) 24 (16.7) < 0.01

Myometrial samples (lower segment), n (%)

0 0 0 48 (33.4) NS

1 58 (34.5) 38 (54.3) 86 (59.7) NS

2 82 (48.8) 14 (20) 10 (6.9) < 0.01

3 23 (13.7) 3 (4.3) 0 < 0.01

4 5 (3) 0 0 NS

Grade ≥2 110 (65.5) 17 (24.3) 10 (6.9) < 0.01

Myometrial samples (upper segment), n (%)

0 13 (7.7) 18 (25.7) 122 (84.7) < 0.01

1 55 (32.7) 25 (35.7) 15 (10.4) < 0.05

2 74 (44.1) 12 (17.1) 7 (4.9) < 0.01

3 11 (6.5) 0 0 NS

4 5 (3) 0 0 NS

Grade ≥2 90 (53.6) 12 (17.1) 7 (4.9) < 0.01
a - p-value: chi-squared test 
NS – p-value: not significant (p >0.05).
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and 2 (1.4%) cases, respectively (p< 0.05).  There were 
no cases of isolated funisitis in all observation groups. 

The presence of an inflammatory reaction in the myome-
trium, endometrium (decidual tissue), placental, and fetal 
membranes was analyzed and correlated with clinical pa-
rameters of the cases in the HUA and EUA groups (Table 5).

Analysis of data (Table 5) showed rather contradictory 
results in the observation groups, due to the pathophys-
iologic opposite of the main clinical complication by 
which the patients were selected into groups - excessive 
or hypotonic uterine activity in labor. 

Multiple logistic regression analysis indicated that the 
frequency of deciduitis was associated with the gestational 
age (>37 weeks in the HUA group, but <37 weeks in the EUA 
group), parity (nulliparity in the HUA group, but multiparity 
in the EUA group), GBS  colonization (in the EUA group), 
duration of active first stage before operation (>12 h in the 
HUA group and >8 h in the EUA group), duration of ruptured 
fetal membranes before the surgery (>24 h in both groups), 
cervical dilation (>6 cm in both groups), and a high number 
of vaginal examinations in labor (in the HUA group).

The odds of myometritis in both observation groups 
increased with the duration of labor, advanced cervical 
dilation, quantity of vaginal examinations, and nullipar-
ity (in the HUA group).

hCAM and funisitis were significantly associated in 
both groups with GBS colonization, parity (nulliparity 
in the HUA group, multiparity in the EUA group), gesta-
tional age (>37 weeks in the HUA group, but <37 weeks 
in the EUA group), and prolonged (>24 h) duration of 
ruptured fetal membranes.

who were delivered by elective CS at less than 36 weeks’ 
gestation. Decidual PMN and macrophage infiltration 
of mild grade was detected in the HUA, EUA, and con-
trol groups in 29.2%, 24.3%, 73.6% cases, respectively 
(p<0.05). Moderate to marked decidual inflammation 
was diagnosed more frequently in the samples from 
the HUA and EUA groups than from the control group 
parturients (70.8% and 68.6% vs 16.7%, p<0.05). 

In contrast to the decidual tissue, the 1st grade of inflam-
matory changes in the myometrium of the lower uterine 
segment was diagnosed more frequently, although no 
significant difference was noted between the observation 
groups (Table 3). Moderate to marked myometrial inflam-
mation of both uterine segments was identified in 53.6%, 
17.1%, and in 4.9% patients of the HUA, EUA, and control 
group, respectively (p<0.05). In all cases, inflammation of the 
myometrium was accompanied by inflammatory changes 
in the decidual tissue. Very marked myometrial inflamma-
tion of both uterine segments was detected in the tissue 
samples of 5 women in the HUA group who underwent 
hysterectomy due to hypotonic bleeding during the CS.

In contrast to clinical СAM, acute hCAM was diag-
nosed significantly more frequently and was observed 
in 33.9% of patients in the HUA group, in 65.7% of pa-
tients in the EUA group and in 16% of patients in the 
control group. It was noted that the incidence of his-
tologically confirmed acute СAM of stage 2+ was only 
11.9% among the HUA group cases but as high as 55.7% 
among the EUA group cases, p <0.01. The combination 
of hCAM and funisitis of stage 2+ was reported in the 
HUA, EUA, and control groups in 12 (7.2%), 18 (25.7%), 

Table 4. The stage of hCAM and funisitis in the HUA, EUA, and control group patients

Stage
Groups of patients

p-valuea

HUA, n=168 EUA, n=70 Control, n=144

hCAM stage, n (%)

Not present 93 (55.4) 9 (12.9) 121 (84) < 0.01

1 37 (22) 7 (10) 17 (11.8) < 0.05

2 9 (5.4) 20 (28.6) 3 (2.1) < 0.05

3 11 (6.5) 19 (27.1) 3 (2.1) < 0.05

hCAM 57 (33.9) 46 (65.7) 23 (16) < 0.05

Stage ≥2 20 (11.9) 39 (55.7) 6 (4.2) < 0.01

Funisitis stage, n (%)

Not present 140 (83.3) 46 (65.7) 139 (96.5) < 0.05

1 16 (9.5) 6 (8.6) 3 (2.1) NS

2 9 (5.4) 11 (15.7) 1 (0.7) < 0.05

3 3 (1.8) 7 (10) 1 (0.7) < 0.05

Funisitis 28 (16.7) 24 (34.3) 5 (3.5) < 0.05

Stage ≥2 12 (7.2) 18 (25.7) 2 (1.4) < 0.05
a - p-value: chi-squared test
NS – p-value: not significant. 
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macrophages and neutrophils infiltrate the uterine low-
er segment myometrium and decidua parietalis before 
and at the beginning of the physiological term labor [18, 
21, 22, 25, 43]. Activated macrophages and neutrophils 
themselves are a powerful source of pro-inflammato-
ry cytokines, prostaglandins, proteases, and reactive 
oxygen species [16-18, 23-24], which are capable of 
initiating and amplifying inflammatory responses of 
the decidua, adjacent myometrium, cervix, placental 
and fetal membranes, and finally triggering labor. 
Inflammatory mediators have many diverse functions 
in different parts of the uterus. Within the lower seg-
ment, they take part in connective tissue remodeling 

After adjustment was made for clinically relevant 
variables, multiple logistic regression analysis indicated 
that a significant relationship remained between HUA 
and decidual and myometrial inflammation, between 
EUA and deciduitis, hCAM, and funisitis (Table 6). 

DISCUSSION
The correlation between two different types of labor 
anomalies and availability of inflammation in the uterus, 
placental, and fetal membrane samples was examined. 
The results obtained in the control group confirmed the 
results of the previous researchers, according to whom 

Table 5. Unadjusted odds ratios and 95% confidence intervals for grade 2+ deciduitis and myometritis, stage 2+ inflammation of the placental and 
fetal membranes associated with various clinical preoperative factors among parturients with HUA and EUA

Factors

Decuduitis Myometritis (lower 
segment)

Myometritis (both 
segments) hCAM Funisitis

HUA EUA HUA EUA HUA EUA HUA EUA HUA EUA

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Odds ratio (95% CI)
p-value

Gestational age 
(weeks)

<37

0.4  
(0.1-1.3)
p < 0.05

6.9   
(2.2-21.9)
p < 0.001

0.9  
(0.04-0.7)
p < 0.05

0.8  
(0.5-9.3)
p < 0.05

0.7  
(0.03-11.8)

   NS

0.3  
(0.02-7.1)
p < 0.05

0.1  
(0.02-10.6)

NS

1.7  
(0.3-10.6)
p < 0.01

0.1  
(0.05-13.7)

   NS

1.9  
(0.3-22.8)
p < 0.001

37-41
2.1  

(0.9-5.2)
p < 0.001

0.9  
(0.3-2.5)
p < 0.05

0.8  
(0.6-4.6)
p < 0.05

0.3  
(0.08-4.9)
p < 0.05

0.6  
(0.1-6.1)
p < 0.01

0.8   
(0.7-7.7)
p < 0.05

0.9  
(0.2-21.2)
p < 0.05

0.5  
(0.2-14.5)
p < 0.05

0.2  
(0.04-33.4)

p < 0.05

0.5  
(0.04-22.1)

NS

>41
1.6  

(0.2-3.4)
p < 0.01

-
0.6  

(0.1-2.2)
p < 0.05

-
0.7  

(0.1-3.3)
p < 0.05

-
1.2  

(0.6-9.2)
p < 0.05

-
0.7  

(0.2-9.7)
p < 0.01

-

Nulliparous
1.8  

(0.5-6.2)
p < 0.05

0.7  
(0.3-2.8)
p < 0.05

1.6  
(0.5-4.8)
p < 0.05

0.1  
(0.2-1.6)
p < 0.05

1.4  
(0.2-14.2)
p < 0.05

0.2  
(0.07-2.1)
p < 0.05

1.1  
(0.3-7.3)
p < 0.05

0.3  
(0.05-1.7)
p < 0.05

0.7  
(0.2-9.2)
p < 0.05

2.9  
(0.2-55.8)
p < 0.05

Multyparous
0.6  

(0.3-1.9)
p < 0.05

1.4  
(0.9-16.7)
p < 0.05

0.3  
(1.5-7.5)
p < 0.05

0.9  
(0.1-8.5)
p < 0.05

0.1  
(0.2-7.2)
p < 0.05

0.1  
(0.05-1.4)
p < 0.05

0.7  
(0.1-4.0)
p < 0.05

4.4  
(3.1-14.8)
p < 0.05

0.1  
(0.01-6.9)
p < 0.05

4.8  
(0.9-24.0)
p < 0.01

GBS colonization
0.7  

(0.1-1.2)
p < 0.05

3.5  
(0.6-26.6)
p < 0.001

0.7  
(0.08-8.1)
p < 0.05

0.1  
(0.05-18.0)

NS

0.6  
(0.05-16.9)

NS

0.8  
(0.04-14.9)

NS

1.3  
(0.2-4.8)
p < 0.01

2.7  
(0.5-14.9)
p < 0.05

1.2  
(0.01-9.7)
p < 0.05

3.5  
(0.5-23.3)
p < 0.01

Duration of ruptured 
fetal membranes 

before the CS >24 h

1.9  
(1.0-4.4)

p < 0.001

2.6  
(1.0-4.4)

p < 0.001

0.7  
(0.2-1.3)
p < 0.05

0.3  
(0.08-2.7) 
p < 0.05

0.9  
(0.2-5.5)
p < 0.01

0.5  
(0.05-10.4)

p < 0.01

0.6  
(0.2-7.9)
p < 0.05

1.3  
(0.2-7.8)

p < 0.001

1.1  
(0.02-21.2)

p < 0.05

1.2  
(0.8-54.5) 
p < 0.01

Duration of active 
first stage before 

the CS
8-12h

0.7  
(0.1-3.2)
p < 0.01

1.6  
(0.4-12.9)
p < 0.05

0.8  
(0.2-2.7)
p < 0.05

1.9  
(1.1-18.4)
p < 0.05

0.8  
(0.2-3.8)
p < 0.01

1.5  
(0.8-21.1)
p < 0.05

0.6  
(0.3-9.6)
p < 0.01

0.7  
(0.2-5.5)
p < 0.01

0.5  
(0.04-31.8) 

NS

0.6  
(0.2-28.4)

NS

>12h*
2.7  

(0.9-8.3)
p < 0.001

-
3.5  

(1.2-10.4)
p < 0.001

-
4.8  

(1.5-15.7)
p < 0.001

-
1.2  

(0.4-3.8)
p < 0.01

-
0.8  

(0.02-50.6)
NS

-

Advanced cervical 
dilation at CS (>6 cm)

3.8  
(1.7-8.6)

p < 0.001

1.8  
(0.3-10.5)
p < 0.01

1.3  
(0.4-3.8) 

p < 0.001

4.3  
(1.8-9.9) 

p < 0.001

1.7  
(0.8-6.3)
p < 0.01

3.9  
(1.5-10.6) 
p < 0.01

1.6  
(0.1-5.1)
p < 0.05

0.7  
(0.09-34.9)

NS

0.3  
(0.05-13.7)

NS

0.4  
(0.06-22.1)

NS

Number of vaginal 
examinations >4

7.8  
(2.8-21.9)
p < 0.001

-
5.4  

(7.1-23.8)
p < 0.001

-
1.7  

(0.3-10.2)
p < 0.001

-
1.1  

(0.1-9.8)
p < 0.01

-
0.2  

(0.04-31.4)
p < 0.05

-

CI - confidence interval
NS – p-value: not significant 
*Oxytocin usage. 
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cm and duration of labor of >8h. In all cases, myometrial 
changes occurred along with severe deciduitis. 

We attribute such a low incidence of myometrial le-
sions in the EUA group to the rapid progression of labor 
(mean time from the beginning of contractions to the 
CS was 5.6±4.2 h), and insufficient time for significant 
leukocyte penetration into the deeper myometrial 
layers of the lower and upper uterine segments. High 
magnitude of аORs for deciduitis, hCAM and funisitis 
(2.6, 4.5, 2.9, respectively, p<0.01 (Table 6) in patients 
in the EUA group indicate involvement of not only the 
decidual but also the chorioamniotic membranes in the 
synthesis of proinflammatory cytokines. If physiological 
levels of inflammatory agents contribute to normal 
uterine contraction, it is reasonable to assume that their 
significantly elevated rates will cause stronger contrac-
tions and lead to hypertensive uterine dysfunction.  In 
our opinion, the key factor in this process is that the 
myometrium remains intact by inflammation.

The inflammatory nature of tachysystole was also 
confirmed by some of our clinical and therapeutic ob-
servations. We noted the ineffectiveness of acute tocol-
ysis in 13 of 22 patients (59.1%) who received tocolytic 
drugs alone, and a decrease of the uterine activity in the 
remaining 9 of 22 women (40.9%) who were prescribed 
tocolytics in combination with antipyretics against the 
background of clinical CAM symptoms (hyperthermia). 
Thus, uterine hyperfunction, which is insensitive to to-
colytic agents, comes as a response of the unaffected 
myometrium to the release of huge concentrations 
of pro-inflammatory cytokines into the bloodstream. 
In such situations, the use of anti-inflammatory drugs 
rather than tocolytic agents may be more effective in 
the treatment of uterine tachysystole.

It is well-known that hCAM and funisitis demonstrate 
an inflammatory response of the placenta, fetal mem-

and thereby facilitate cervical dilation and passage of 
the fetus. In the upper segment, leukocyte products, 
including eicosanoids, interleukins, and tumor necrosis 
factor α may stimulate uterine contractions directly or 
indirectly by facilitating the production of prostaglan-
dins [18, 22]. Thus, mild inflammatory changes in the 
decidual membrane and slight leukocyte infiltration of 
the lower segment of the uterus constitute a necessary 
prerequisite for the physiological onset of labor.

A significant difference in parity, gestational age, and 
birth weight at delivery among the HUA and EUA obser-
vation groups was found. Multiparity, early gestational 
age, and low birth weight of newborns were strongly 
associated with EUA. In contrast to the EUA group, 
primiparous patients at term pregnancies dominated 
in the HUA group. 

When comparing the histological findings, the 
localisation of inflammatory changes between the groups 
also differed: myometritis prevailed in the HUA group, 
while hCAM and funisitis were predominant in the EUA 
group. Both groups had a high incidence rate of decidual 
inflammation. It should be noted that severe deciduitis 
was also diagnosed in the control group (16.7%), but 
only in those patients who underwent surgery after 
several hours of regular labor against the background of 
premature rupture of the amniotic membranes.

The main clinical risk factors for placental and 
decidual membrane inflammation in the EUA group 
were prematurity, multiparity, GBS colonization, and 
duration of ruptured fetal membranes before the 
CS (Table 5), which is indicative of the occurrence of 
inflammatory changes antenatally. Despite high inci-
dence of deciduitis (68.6%) and hCAM (55.7%) in this 
group, moderate to marked myometrial inflammation 
of both uterine segments was diagnosed in only 17.1% 
of patients, mostly in women with cervical dilation of >6 

Table 6. Unadjusted odds ratios, adjusted odds ratios and 95% confidence intervals for grade 2+ deciduitis and myometritis, stage 2+ inflammation of 
the placental and fetal membranes in the presence of HUA and EUA

Grade/Stage 2+
HUA EUA

OR (95% СI) aOR (95% СI) * p-value OR (95% СI) aOR (95% СI) * p-value

Deciduitis 3.1 (1.0-11.1) 1.4 (0.6-3.6) p < 0.01 5.9 (3.1-11.3) 2.6 (1.4-4.8) p < 0.01

Myometritis
(lower segment) 5.4 (2.4-8.0) 2.1 (1.2-6.2) p < 0.01 4.3 (1.8-9.9) 0.5 (0.4-1.3) p < 0.01

Myometritis
(both segments) 9.5 (8.6-21.3) 3.9 (1.3-14.7) p < 0.01 4.1 (1.5-10.8) 0.7 (0.3-2.4) p < 0.05

hCAM 1.8 (0.9-28.4) 0.8 (0.3-4.9) p < 0.05 11.0 (2.9-32.8) 4.5 (3.4-12.1) p < 0.01

Funisitis 1.5 (1.2-24.8) 0.3 (0.6-2.7) p < 0.05 4.7 (1.9-12.6) 2.9 (1.3-10.6) p < 0.01

OR - odds ratio 
aOR - adjusted odds ratio 
CI - confidence interval
*Adjusted for gestational age, parity, GBS colonization, duration of ruptured fetal membranes, duration of active first stage, cervical dilation, number of 
vaginal examinations before operation.
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inflammation to spread deeper into the myometrium 
of both the lower and upper segments of the uterus. 
According to our histological data, it can be concluded 
that development of myometritis in patients with HUA 
is the result of ascending deciduitis that gradually 
progresses to grade 2+ during prolonged labor. Slow 
penetration of leukocytes into the myometrium leads 
to remodeling of the extracellular matrix, dysregulation 
of oxytocin receptor synthesis, and a decrease in 
the uterine response to both intrinsic and extrinsic 
oxytocin [26, 33, 37]. The consequence of long-lasting 
labor augmentation with oxytocin is insensitivity to 
this agent, complete uterine inertia, and postpartum 
hemorrhage [26, 27]. The latter occurred in 5 parturients 
with total leukocyte infiltration of the myometrium 
who underwent hysterectomy due to atonic uterine 
bleeding. In such situations, the possibility of prescrib-
ing other groups of uterotonics should be considered 
when choosing drugs for the prevention or treatment 
of postpartum bleeding.

CONCLUSIONS
Mild inflammation of the decidual membrane and 
the myometrium of the lower uterine segment at 
term pregnancy is a physiological phenomenon that 
contributes to the initiation of labor. Inflammation of 
the chorioamniotic and decidual membranes against 
the background of intact myometrium plays a funda-
mental role in the occurrence of hypertensive uterine 
dysfunction, particularly in preterm birth. Inflammatory 
changes in the myometrium of the lower and especially 
upper uterine segment arising during prolonged term 
labor are an additional factor contributing to the onset 
or aggravation of the hypotonic uterine activity. Strate-
gies aimed at preventing the influx of inflammatory cells 
into the uterine cavity can be crucial for the prevention 
of preterm labor, as well as for the coordination of 
uterine activity at term labor. 

branes, and amniotic fluid to microbial invasion of the 
amniotic cavity [12-14, 19], and deciduitis indicates an 
ascending pathway of infection [15, 22-23]. However, 
in the HUA group our data showed the association of 
decreased uterine contractility with grade 2+ deciduitis 
(aOR: 1.4, 95% CI: 0.6-3.6), but no association with stage 
2+ hCAM (aOR: 0.8, 95% CI: 0.3-4.9) and stage 2+ funisi-
tis (aOR: 0.3, 95% CI: 0.6-2.7) (Table 6). The limitation of 
our study was the inability to obtain histological speci-
mens before or at least at the beginning of labor in the 
observation groups. Therefore, we are unable to deny 
or state with certainty that inflammation of parietal 
decidua was present or absent before the labor. Such 
clinical risk factors for the development of severe deci-
duitis as protracted active first stage, advanced cervical 
dilation, and a large number of vaginal examinations 
(Table 5) revealed during statistical analysis in the HUA 
group indicate the progression of inflammatory pathol-
ogy of the decidual membrane intrapartum. The latter 
suggests that progressive severe deciduitis may be an 
additional risk factor for the development of hypotonic 
uterine activity.

In contrast to the EUA group, moderate to severe 
myometritis was a common finding in patients of the 
HUA group (53.6% of cases). In multiple stepwise logistic 
regression analysis, myometrial inflammation was largely 
associated with nulliparity, protracted active first stage 
with oxytocin augmentation, advanced cervical dilation, 
and the number of vaginal examinations (Table 5). The 
results of our study partially coincide with the earlier 
works by L.T. Keski-Nisula and coauthors (2003) [43], 
and J.M. Gonzalez and coauthors (2011) [21] who noted 
inflammatory cell infiltration of the myometrium with 
an increase in the duration of labor and cervical dilation.

Severe myometrial inflammation in all cases was 
detected in conjunction with severe deciduitis (84/84), 
much less frequently with severe hCAM (15/84) and 
funisitis (7/84). Long-term weak contractions, only 
temporarily enhanced by oxytocin, allow decidual 
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