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Abstract

Background Relaparotomy following a cesarean delivery (CD) is an infrequent complication, with inconsistency
regarding risk factors and indications for its occurrence. We therefore aimed to determine risk factors and indications
for a relaparotomy following a CD at a single large tertiary center.

Methods A retrospective case-control single-center study (2013-2023). We identified all women who had a
relaparotomy up to six weeks following a CD (study group). Maternal characteristics, obstetrical and surgical data were
compared to a control group in a 1:2 ratio. Controls were women with a CD before and immediately after each case

in the study group, who did not undergo a relaparotomy. Included were CDs occurring after 24 gestational weeks. CD
performed at different centers and indications for repeat surgery unrelated to the primary surgery (e.g., appendicitis)
were excluded. Logjistic regression was used to adjust for potential confounders.

Results During the study period, 131,268 women delivered at our institution. Of them, 28,280 (21.5%) had a CD, and
130 patients (0.46%) underwent a relaparotomy. Relaparotomies following a CD occurred during the first 24 h, the
first week, and beyond the first week, in 59.2%, 33.1%, and 7.7% of cases, respectively. In the multivariable logistic
regression analysis, relaparotomy was significantly associated with Mullerian anomalies (aOR 3.33, 95%Cl 1.08-

10.24, p=0.036); uterine fibroids (aOR 3.17, 95%Cl 1.11-9.05,0=0.031); multiple pregnancy (@OR 4.1, 95%Cl 1.43—
11.79,0=0.009); hypertensive disorders of pregnancy (aOR 3.46, 95%Cl| 1.29-9.3,p0=0.014); CD during the second stage
of labor (aOR 2.54, 95%Cl 1.15-5.88, p=0.029); complications during CD (@OR 1.62, 95%Cl 1.09-3.21,0=0.045); and
excessive bleeding during CD or implementation of bleeding control measures (use of tranexamic acid, a hemostatic
agent, or a surgical drain) (aOR 2.23, 95%Cl 1.29-4.12,0=0.012). Indications for relaparotomy differed depending on
the time elapsed from the CD, with suspected intra-abdominal bleeding (36.1%) emerging as the primary indication
within the initial 24 h.

Conclusion We detected several pregnancy, intrapartum, and intra-operative risk factors for the need for
relaparotomy following a CD. Practitioners may utilize these findings to proactively identify women at risk, thereby
potentially reducing their associated morbidity.

Keywords Cesarean delivery, Maternal complications, Relaparotomy, Maternal morbidity, Placental abruption,
Hypertensive disorders of pregnancy
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Background

Cesarean delivery (CD) is the most common obstetri-
cal surgery, with a rising incidence worldwide, increas-
ing from approximately 12% in the year 2000 to 22-25%
in 2018 [1, 2] and reaching more than 32% in the United
States in 2021 [3], making it one of the most common
operations performed worldwide.

Although CD is considered a safe procedure, it con-
fers a two-fold higher risk for severe maternal morbidity
compared to vaginal delivery [4]. Amongst the maternal
short-term complications after CD is hemorrhage, need
for blood products transfusion, intra-abdominal infec-
tion, and injury to adjacent organs [5—7], which may war-
rant a repeat laparotomy (relaparotomy). Relaparotomy
is defined as an abdominal operation performed after an
initial surgery including skin opening [8, 9] and entrance
into the abdominal cavity [10]. A relaparotomy has major
implications for the patient and her family and necessi-
tates separating the parturient from her newborn. It also
confers potential high maternal morbidity and mortality
[11, 12].

Data regarding relaparotomy after a CD is conflicting.
In previous studies, the incidence of this complication
ranges widely, with up to a more than ten-fold difference
among various reports (0.07-0.9%) [5, 7, 12—-18]. More-
over, data demonstrates conflicting results regarding
risk factors for the need for repeat surgery. For example,
while some described multiple pregnancies as a risk fac-
tor [7, 16], others did not find such an association [5, 14].
Furthermore, some studies were limited only to re-sur-
geries due to excessive bleeding [9, 19]. In addition, pre-
vious studies defined the time from the initial CD to the
relaparotomy differently, with some limited to the same
hospitalization as the original CD [13, 20], whilst others
included cases occurring up to one week [7, 9], and even
six weeks [5], after the CD. Additionally, there is a paucity
of data regarding the indications for relaparotomy follow-
ing CD stratified by the time interval from the CD to the
repeated surgery, with only a few studies [5, 15] elaborat-
ing on it. Lastly, most of the previous studies comprised
a relatively small number of cases ranging between 18
and 64 [5, 7, 12-14, 16-18], with only one comprising 80
patients [15].

Due to the infrequency of this complication and the
wide variability in reported data, our objective was to
ascertain the incidence of a relaparotomy after a CD
and to identify risk factors for its occurrence, at a single
tertiary center. Our secondary aim was to describe the
indications for the relaparotomy according to the time
elapsed from the initial surgery.
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Methods

Study population

We conducted a retrospective case-control study
between January 2013 and October 2023 in a large single-
tertiary, university-affiliated, medical center, with over
12,000 deliveries annually. The local institutional review
board (IRB) approved the study (TLV-0618-22).

The study group comprised patients who had a CD at
our institution and needed a relaparotomy for indica-
tions related to the CD within six weeks following deliv-
ery. Relaparotomy was defined as the need for a repeated
surgical intervention which included opening of the skin
and entrance into the abdominal cavity. For each patient
in the study group, controls were compared in a 1:2 ratio.
Controls were women with a CD at >24 weeks of gesta-
tion before and after each case in the relaparotomy group
who did not require a relaparotomy. By selecting women
who had a CD before and after each case, we aimed to
minimize confounders related to the specific conditions
in the operating theatre. At our institution, all CDs are
performed by two surgeons; at least one of whom is a
senior obstetrician or a resident in the second half of his
residency period. All relaparotomies are performed by
senior obstetrician-gynecologist surgeons.

Included in the study group were women who under-
went both surgeries (i.e., CD and a relaparotomy) at our
institution, were >24 weeks of gestation at the CD, and
who underwent intra-peritoneal exploration at the relap-
arotomy. Exclusion criteria included cases where repeat
surgery was performed due to an indication unrelated to
the primary surgery (appendicitis, etc.), or if the repeated
surgery was performed more than 6 weeks following
the CD. The study group was further divided into three
groups based on the time interval from the CD to the
relaparotomy: early relaparotomy (within 24 h), interme-
diate relaparotomy (between one to seven days), and late
relaparotomy (between 7 days and 6 weeks).

Data collection
Medical records of all women who delivered at our insti-
tution during the defined study period were reviewed,
and the patients who had a relaparotomy were identified.
Patients’ data were anonymized and de-identified before
the analysis. Data were extracted from the departmental
electronic patient database and the operating records of
the CD and relaparotomy surgeries. Antenatal follow-
up test results and pregnancy outcomes are consistently
recorded in the database during prenatal check-ups,
upon admission for delivery, and postpartum.
Demographic and obstetric variables of the study
cohort were recorded, including maternal age; pre-preg-
nancy body mass index (kg/m?); maternal comorbidities,
including chronic hypertension, and thrombophilia; uter-
ine fibroids; Mullerian anomalies, including bicornuate
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uterus, unicornuate uterus, didelphic uterus, and sep-
tate uterus; pregnancy achieved by assisted reproductive
technology (ART); gravidity; parity; multiple pregnancy;
aspirin treatment during pregnancy; low molecular
weight heparin (LMWH) use during pregnancy; prior
CD; and pregnancy complications, including hyperten-
sive disorders of pregnancy (HDP), gestational diabetes
mellitus (GDM), placenta previa, and placenta accreta
spectrum (PAS). Delivery and surgery characteristics
that were examined included: gestational age at deliv-
ery; preterm delivery (<37 gestational weeks); neonatal
birthweight; fever during labor (a temperature of 38.0 °C
(100.4 °F) or higher taken at least twice at least 8 h apart);
placental abruption (suspected on a clinical basis and
confirmed on placental pathology examination); amni-
otic fluid color; time of day of the CD; surgeon’s expe-
rience and intra-operative findings, including surgery
duration, CD defined as complicated (including intraab-
dominal adhesions, uterine incision extensions, calling
for assistance during surgery, or bladder injury), or CD
with excessive bleeding or use of bleeding control mea-
sures (including estimated blood loss (EBL)>1000 ml,
tranexamic acid (TXA) use during surgery, use of a
hemostatic agent (such as Gelfoam®, and Surgicell®), and
use of surgical suction drain. EBL was assessed clinically
during the CD and recorded in the operation room (OR)
notes. Any intra-abdominal adhesions observed were
recorded and described in the OR report. In the study
group, the indication for relaparotomy, the time inter-
val from the CD, and the relaparotomy findings were
recorded.

The indications for CD were divided into elective or
urgent. An elective CD was defined as a scheduled CD
performed for maternal, fetal, or placental indications
that posed a risk for vaginal delivery, such as a placenta
previa or non-vertex presentation. An urgent CD was
defined as a non-elective CD, including all CDs that
occurred during labor and delivery, such as those due to
labor dystocia, or a non-reassuring fetal heart.

Indications for the relaparotomy were divided into
several categories, including suspected intra-abdominal
bleeding; bleeding from the subcutaneous tissue; uter-
ine atony and post-partum hemorrhage (PPH); infection,
defined as sepsis, peritonitis, scar infection, or abscess
formation; evisceration, defined as a defect in the integ-
rity of the fascia; and suspected injury to adjacent organs,
including the urinary tract system and the gastrointesti-
nal system.

Post-surgery complications, which occurred after
the CD or after the relaparotomy, were evaluated and
included: maternal death; a thrombotic event in the
post-partum period (up to 6 weeks following the CD);
intensive care unit (ICU) admission; paralytic ileus; post-
partum fever; need for readmission; and hospitalization
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length. The rate of future deliveries at our institution was
also recorded until the end of the study period in Octo-
ber 2023.

Statistical analysis

Parameters were compared between the study and con-
trol groups. Univariate analysis was performed using
the Mann-Whitney U test, chi-square, and Fisher’s
exact tests as appropriate. Multivariable logistic regres-
sion analysis was used to identify factors associated with
relaparotomy after CD. Variables that were found to be
significantly different between the groups (p<0.05) in
the univariate analysis entered the initial regression
model. Differences were considered significant when
the two-sided P-value was <0.05. Statistical analysis was
performed using SPSS 25.0 (IBM Corporation, Chicago,
USA) software.

Results

During the study period, 131,268 women delivered at our
institution. Of them, 28,280 (21.5%) had a CD. Overall,
130 patients (0.46%) underwent relaparotomy after CD.
These women were compared to a control group, which
included 260 women, who had a CD before and after
each case in the study group.

Maternal demographics and gestational characteris-
tics are presented in Table 1. In the univariate analysis,
relaparotomy after a CD, compared to the control group,
was associated with the following: Mullerian anomalies
(6.2% vs. 3.1%, p=0.014); uterine fibroids (6.9% vs. 3.5%,
p=0.009); ART (27.7% vs. 10.4%, p<0.001); multiple
pregnancy (11.5% vs. 3.8%, p=0.003); HDP (13.8% vs.
4.2%, p<0.001); and LMWH use during pregnancy (9.2%
vs. 3.8%, p=0.03).

The labor and CD characteristics are presented in
Table 2. In the univariate analysis, relaparotomy after
a CD, compared to the control group, was associated
with the following: preterm labor (25.4% vs. 14.2%,
p=0.007); placental abruption (9.2% vs. 1.9%, p<0.001);
lower birthweight (2875+799 gram vs. 3062+642 gram,
p=0.015); CD during the second stage of labor (14.6% vs.
5.8%, p=0.004); longer CD duration (41.5%+28.2 min vs.
30.4%11.6 min, p<0.001); increased rate of complicated
CD (47.7% vs. 26.9%, p<0.001); and an increased rate of
CD with excessive bleeding or use of bleeding control
measures (46.9% vs. 18.5%, p<0.001). Regarding post-
operative complications, which occurred after the CD or
the relaparotomy, women in the study group had a higher
incidence of ICU admission (43.8% vs. 0.8%, p<0.001);
paralytic ileus (6.2% vs. 0.4%, p<0.001); post-partum
fever (16.9% vs. 0.8%, p<0.001); a longer duration of hos-
pitalization (9.9%+7.9 days, 5.4+4.1days, p<0.001); and
lower rates of future deliveries (6.2% vs. 22.3%, p<0.001).
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Table 1 Demographics and current gestation characteristics of
the cohort

Variable Relapa-  Control  P-value

rotomy  group

group N=260

N=130
Maternal age (years) 357+47 342+48 0843
Pre-pregnancy BMI (kg/m?) 239+47 244+49 0354
GWG (kg) 12+6 12£55 0.386
Chronic hypertension 3(23) 3(1.2) 0.383
Inherited or acquired Thrombophilia 6 (4.6) 5(1.9) 013
Pre-gestational Diabetes mellitus 3(23) 5(1.9) 0.801
Previous CD (= 1) 63 (48.5) 107 (41.2) 0.7
Mullerian anomalies® 8(6.2) 8 (3.1) 0.014
Uterine fibroids 9(6.9) 9(35) 0.009
Gravidity 29+1.7 24+16 0.609
Parity 12£1.2 1+1.2 0415
Primiparous 47 (36.2) 108 (40) 0.306
ART conception 36(27.7)  28(104) <0.001
Multiple pregnancy 15(11.5) 10 (3.8) 0.003
GDM 27(208) 37(142) 0.107
HDP 18(13.8) 11(4.2) <0.001
Placenta previa 8(6.2) 7(2.7) 0.094

PAS 2(1.5) 0 N/A
Aspirin use during pregnancy 15(11.5)  22(8.5) 034
LMWH use during pregnancy 12(9.2) 10 (3.8) 0.03

Categorical variables are presented as numbers (percentages), and continuous
variables are presented as meantstandard deviation

Abbreviations: BMI - Body mass index; GWG - gestational weight gain; CD -
Cesarean delivery; ART - Assisted reproductive technology; GDM - Gestational
diabetes mellitus; HDP - Hypertensive disorders in pregnancy; PAS - Placenta
accreta spectrum; N/A — Not applicable; LMWH - Low molecular weight heparin

* Mullerian anomalies - including any of the following: bicornuate uterus,
unicornuate uterus, didelphic uterus, and septate uterus

Multivariable logistic regression examining risk factors
associated with a relaparotomy following a CD is pre-
sented in Supplementary Table 1. The risk factors found
were Mullerian anomalies (adjusted odds ratio (aOR)
3.33, 95% CI 1.08-10.24, p=0.036); uterine fibroids (aOR
3.17, 95% CI 1.11-9.05, p=0.031); pregnancy conceived
by ART (aOR 4.8, 95% CI 2.28-10.1, p<0.001); multiple
pregnancy (aOR 4.1, 95% CI 1.43-11.79, p=0.009); HDP
(aOR 3.46, 95% CI 1.29-9.3); placental abruption (aOR
4.62, 95% CI 1.09-19.59, p=0.038); CD during the sec-
ond stage of labor (aOR 2.54, 95% CI 1.1-5.88, p=0.029);
CD duration (aOR 1.12, 95% CI 1.1-1.3, p=0.048); com-
plicated CD (aOR 1.62, 95% CI 1.09-3.21, p=0.045); and
excessive bleeding or use of bleeding control measures
(aOR 2.23, 95% CI 1.29-4.12, p=0.012). Notably, LMWH
use during pregnancy, pre-term delivery, non-clear amni-
otic fluid, and neonatal birthweight, were not found to be
statistically significant in the logistic regression model.

The median time from the CD to the relaparotomy was
17.5 h (IQR 5-58.3), and 59.2% of the relaparotomy cases
occurred in the first 24 h after the CD, with only 7.7%
occurring between one week and up to 6 weeks after the
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initial surgery Additionally, the mean duration of relapa-
rotomy was 68.8 (+49.6 standard deviation) minutes, and
nine patients (6.9%) needed a second relaparotomy (data
not shown in the Tables).

Table 3 presents the indications for the relaparotomy,
and stratification by the time interval from the CD. The
main indication for relaparotomy was suspected intra-
abdominal bleeding (45.4%). Nine patients (6.9%) needed
a second relaparotomy, and 13 patients (10%) underwent
a hysterectomy in the first or second relaparotomy. There
were no women who underwent a third relaparotomy. In
the early period, the main indication was suspected intra-
abdominal bleeding (36.1%); in the intermediate period,
it was scar disruption (10%); and in the late period, the
main indications were infection and GI injury/bowel
obstruction (3.1% each).

Figure 1 presents the relaparotomy intervention that
was performed. As depicted, the most common interven-
tion was bleeding control including electrocautery and
surgical sutures, and the second most common interven-
tion was ligation of the large vessels including the uterine
and iliac arteries.

Figure 2 presents the source of bleeding found dur-
ing the relaparotomy. The most common source was the
uterine scar (31%), with the source of bleeding not found
in 30% of the cases.

Discussion

The present comparative study evaluated the incidence,
risk factors, and indications for relaparotomy following
a CD during the puerperium in a single-tertiary, univer-
sity-affiliated, medical center. Our key findings were: (1)
The incidence of relaparotomy was 0.46%. (2) Risk fac-
tors for relaparotomy included uterine anomalies, uter-
ine fibroids, ART conception, multiple pregnancy, HDP,
placental abruption, CD during the second stage of labor,
increased surgery duration, complicated CD, and exces-
sive bleeding during the CD and use of bleeding control
measures. (3) Most of the relaparotomies occurred dur-
ing the first 24 h after the CD and the most common
indication was suspected intra-abdominal bleeding.
(4) The most common finding in the relaparotomy was
bleeding from the uterine scar, and the most common
intervention was control of the source of bleeding.

The incidence of relaparotomy during the study period
was approximately 1:200 CDs, which is in accordance
with previous studies describing a rate ranging between
0.23 and 0.7% [5, 7, 15, 16].

In our study, women who conceived by ART had an
increased risk for relaparotomy. This finding remained
significant even after controlling for possible confound-
ers related to ART such as multiple pregnancy and
HDP [21]. Only one previous study examined the asso-
ciation between ART and relaparotomy [7], and found an
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Table 2 Delivery, surgery, and hospitalization characteristics of the cohort
Variable Relaparotomy group Control group P-value
N=130 N=260

Gestational age (weeks) 3777 (3%7) 38%7(297) 0.19
Pre-term delivery 33 (254) 37(14.2) 0.007
Fever during labor 9(6.9) 10 (3.8) 0.183
Placental abruption 12(9.2) 5(1.9) <0.001
Amniotic fluid 0.032

Clear 99 (76.2) 221(85)

Other (meconium or bloody) 31(23.8) 39(15)
Maternal hemoglobin prior to CD (g/dl) 122+13 121+1.1 0224
Maternal platelet count prior to CD 186.1£62 202.8+586 0.249
Time of CD 0.286

Morning (7-15) 62 (47.7) 112 (43.1)

Evening (15-23) 45 (34.6) 111 (42.7)

Nighttime (23-7) 23(17.7) 37(14.2)
Birthweight (grams)” 2875+799 3062+ 642 0.015
CD type 0.044

Elective 60 (46.2) 148 (56.9)

Urgent 70(53.8) 122 (43.1)
Primary surgeon 0.128

Attending 48 (36.9) 117 (45)

Resident 48 (36.9) 117 (45)
Second stage CD 19 (14.6) 15(5.8) 0.004
General anesthesia 12(9.2) 11(42) 0.048
Cesarean duration, minutes 4154282 304+116 <0.001
Calling for assistance 25(19.2) 14 (54) <0.001
Intra-abdominal adhesions 40 (30.8) 51(19.6) 0.014
Uterine incision extensions 27 (20.8) 18 (6.9) <0.001
Bladder injury during the CD 0 2(0.77) N/A
Complicated CD™ 62 (47.7) 70 (26.9) <0.001
EBL>1000 ml 23(17.7) 14 (5.4) <0.001
TXA use during the CD 18 (13.8) 7Q.7) <0.001
Use of a hemostatic agent 52 (40) 36 (13.8) <0.001
Use of a surgical suction drain 11(8.5) 2(0.8) <0.001
Excessive bleeding or the use of bleeding control measures . 61 (46.9) 48 (18.5) <0.001
Tubectomy/tubal ligation 7(54) 10 (3.8) 0413
Suture of the uterus intra-abdominally 6 (4.6) 10(3.8) 0.649
Packed red blood cell transfusion 91 (70) 4(1.5) <0.001
Cesarean hysterectomy 1(0.8) 0 N/A
Uterine rupture 2(1.5) 0 N/A
Hysterectomy (excluding cesarean hysterectomy) 13(10) 0 <0.001
Maternal death 0 0 N/A
DIC 38(29.2) 0 <0.001
ICU admission 57 (43.8) 2(0.8) <0.001
Thrombotic event 3231 1(04) 0.126
Paralytic ileus 8(6.2) 1(04) <0.001
Postpartum fever 22 (16.9) 2(0.8) <0.001
Duration of hospitalization, days 99+79 54+4.1 <0.001
Readmission 33 (254) 72.7) <0.001
Future delivery at our institution 8(6.2) 58(223) <0.001

Categorical variables are presented as numbers (percentages), and continuous variables are presented as mean (xstandard deviation)

Abbreviations: CD - Cesarean delivery; LGA - Large for gestational age; SGA - Small for gestational age; EBL - Estimated blood loss; TXA - Tranexamic acid; N/A - Not
applicable; DIC - Disseminated intravascular coagulation; ICU - Intensive care unit

* Study group - 145 neonates, control group - 270 neonates

** Including any of the following- intra-abdominal adhesions, uterine incision extensions, calling for assistance, and bladder injury

*** Including any of the following- EBL>1000, TXA use during CD, use of a hemostatic agent, and use of a surgical suction drain
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Table 3 Indications for the relaparotomy following the cesarean
delivery and stratification by the time interval to relaparotomy

Parameter Study group (N=130)

Indication for relaparotomy

Abdominal bleeding 59 (45.4)
Uterine atony 20(154)
Scar disruption 13 (10)
Subcutaneous hematoma 10(7.7)
Gl injury/bowel obstruction 10(7.7)
Infection 9(6.9)
Genitourinary injury 8(6.2)
Foreign body 1(0.8)
Early (<24 hours) 77 (59.2)
Abdominal bleeding 47 (36.1)
Uterine atony 19 (14.6)
Subcutaneous hematoma 7 (54)
Genitourinary injury 4(3.1)
Intermediate (1 day-7 days) 43 (33.1)
Scar disruption 13 (10)
Abdominal bleeding 129.2)
Gl injury/bowel obstruction 6 (4.6)

Infection 5(38
Subcutaneous hematoma 3
Genitourinary injury 3
Foreign body 1
Late (7 days-42 days) 1
Infection 4
Gl injury/bowel obstruction 4
Genitourinary injury 1
Uterine atony

Categorical variables are presented as numbers (percentages)

Abbreviations: Gl - Gastrointestinal

Fig. 1 Surgical interventions performed during the relaparotomy
*N=130 cases, in two cases there was more than one intervention
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increasing trend that did not reach statistical significance
(aOR 1.83, 95% CI 0.94-3.59). A possible explanation for
this association is the known risk factor for third-stage of
labor complications in patients undergoing ART, includ-
ing a higher risk for PPH [22, 23] which is a risk factor for
relaparotomy [15].

A fibroid uterus and Mullerian anomalies were also
found to be associated with relaparotomy after a CD.
These findings were not examined in previous studies.
This association can be explained by the higher risk for
PPH seen in a fibroid uterus [24], and the increased risk
for placental abruption and adherent placenta in Mulle-
rian anomalies [25].

Furthermore, we identified an association between
multiple pregnancies and an increased likelihood of
requiring relaparotomy after a CD. Twin gestations fre-
quently contribute to over-distention of the uterus, a
recognized factor that heightens the risk of uterine atony
and PPH [16]. This observation aligns with our discovery
that the second most common indication for relaparot-
omy was uterine atony.

Placental abruption and HDP were also independent
risk factors for relaparotomy after a CD, with both enti-
ties previously described as risk factors for a relapa-
rotomy [7, 9, 15]. One postulated explanation for this
association is the higher risk for PPH in patients suffer-
ing from HDP [26] and from placental abruption [27].
Another possible explanation is the increased risk for
coagulation disorders that may result in disseminated
intravascular coagulation seen in these patients [28, 29],
which was detected in almost 30% of women in the study

group.

= Bleeding control

= Ligation of large vessels

= No surgical intervention
Closure of fascia/ releasing
bowel obstruction

= Urinary tract repair

= Abscess drainage
Hysterectomy

m B-lynch

m Partial colectomy

** In seven cases, a hysterectomy was performed during the second relaparotomy
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Fig. 2 The source of bleeding identified during the relaparotomy
* N=89 cases, in two cases there was more than one source

Additionally, CD during the second stage of labor, and
longer duration of the CD were found to be associated
with the need for relaparotomy, similar to the findings
in previous studies [5, 7, 14, 16]. A previous study found
that CDs in the second stage compared to those per-
formed in the first stage are related to increased maternal
complications including uterine atony and endometri-
tis [30], which were found as causes for relaparotomy in
22.3% of the cases in our cohort. Longer duration of the
CD was previously found to increase the risk of postop-
erative blood transfusion and infection [31]. Although
it was not found to be associated with increased risk for
relaparotomy, this could be explained by the relatively
small number of patients in their cohort as compared to
ours (6565 versus 28,280 women) and that they included
cases up to one week after CD.

Additional risk factors for relaparotomy related to
CD characteristics were complicated CD and excessive
bleeding or use of bleeding control measures. While
some of the parameters we included were not previously
described in the literature, including the use of TXA dur-
ing the CD, a hemostatic agent, and a surgical drain, oth-
ers were previously described as being associated with
relaparotomy, including calling a 3rd person for assis-
tance and excessive bleeding in the CD [5]. Furthermore,
we found that uterine incision extension was associated
with an increased risk of relaparotomy. The uterine inci-
sion extension can cause GU injury, which was the indi-
cation for relaparotomy in eight patients (6.2%). Our
findings emphasize the importance of meticulous surgi-
cal techniques to try and minimize the relaparotomy rate
and maternal morbidity due to the relaparotomy.
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Interestingly, the seniority of the surgeon in the CD was
not found to be associated with the risk of undergoing a
relaparotomy. This finding aligns with a previous study
[16] and is contradictory to some studies [5, 14], which,
surprisingly, found higher relaparotomy rates when the
primary surgeon was an attending physician. However,
their findings might be influenced by selection bias, as
surgeries considered more surgically complex are likely
assigned to experienced surgeons a priori.

In our cohort, 59.2% of relaparotomy cases occurred
during the first 24 h after the CD. Previous studies
found similar results with 51.2-61.7% of relaparotomy
cases occurring in the first 24 h [5, 15, 32], in contrast
to the 19% found by Huras et al. [17]. However, the lat-
ter study did not specify the indication for the relapa-
rotomy according to the timing from the CD, and hence
it is difficult to explore this difference in rates. The main
indication for relaparotomy was bleeding in 68.5% of the
cases (including intra-abdominal bleeding, subcutaneous
hematoma, etc.). These results are compatible with pre-
vious studies that found bleeding to be the greatest risk
factor for relaparotomy [15, 16].

Regarding the source of bleeding, in 30% of the relap-
arotomies that occurred for suspected bleeding, the
source was not found. While one previous study reported
that in 60.7% of the cases, no source was found [14], oth-
ers reported results similar to ours, with no identifiable
source in 12.5-33% of cases [7, 19, 20]. We postulate
that the high variation between these studies could be
explained by the relatively low number of cases in those
studies, ranging between 28 and 64.

Regarding maternal outcomes, there were no cases of
maternal death, similar to previous studies [5, 7, 16]. A



Amikam et al. BMC Pregnancy and Childbirth (2024) 24:284

second relaparotomy was required in 9 women (6.9%),
similar to the 6.2% previously described [7], and lower
than the 19.7% described by Seal etl al [33]. . In total, 13
women (10%) underwent a hysterectomy (six patients in
the first relaparotomy and seven patients in the second
relaparotomy). This finding is similar to previous studies
which described rates between 7 and 10.6% [16, 19, 20,
33] and is lower than the 33.3% found by Kessous et al.
[15]. This discrepancy could be explained by the timing
of their study which took place between 1989 and 2009,
possibly representing a different approach towards hys-
terectomy. Another possible explanation could be the
rate of primiparous women in the study group, which
was 10% in the study by Kessous et al. [15], and 36.2% in
our study.

The rate of future deliveries in the relaparotomy group
was significantly lower compared to the control group.
The rate of future deliveries after relaparotomy has not
been described in previous studies, whilst a previous
study found that women who suffered from complica-
tions after uterine rupture had lower rates of future deliv-
eries as compared to women who did not suffer from
complications [34]. Even after excluding the cases of hys-
terectomy, there was a higher rate of future deliveries at
our institution in the control group. There are some pos-
sible explanations for these findings. First, women who
suffered from complications in their previous delivery
may opt to deliver at a different hospital in their follow-
ing delivery. Another possible explanation could be a
higher rate of post-traumatic stress disorder following
childbirth (PTSD-FC) in the relaparotomy group, causing
these women to subsequently avoid future pregnancies.
A previous study found higher rates of PTSD-FC in deliv-
eries complicated by distressing events [35]. Subsequent
investigations should aim to elucidate whether this dis-
crepancy is attributed to psychological factors or to bio-
logical influences, such as infertility resulting from pelvic
adhesions.

Our study has several strengths. Firstly, it is the largest
series regarding relaparotomy following a CD reported to
date, enabling to explore more precisely possible risk fac-
tors for relaparotomy and maternal outcomes. Secondly,
we examined a variety of antepartum and intrapartum
factors not previously described in the literature, includ-
ing Mullerian anomalies and TXA use during the CD.
Lastly, in our study, we included women during the entire
postpartum period, and hence were able to provide more
accurate details.

Our study is not without limitations. The study was
conducted at a single tertiary medical center in Israel,
and the study cohort exhibited a predominantly homo-
geneous profile. Consequently, the generalizability of
our findings to other populations may be limited. Fur-
thermore, due to the retrospective nature of our study,
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some parameters could not be assessed, such as the time
interval from the last LMWH and aspirin dose and the
CD. Additionally, we recorded cases that had a CD and
a relaparotomy at our institution, but could not assess if
there were cases that had the CD at our hospital and sub-
sequently underwent additional surgical intervention at a
different hospital.

In conclusion, relaparotomy following a CD is a rare
event that confers significant maternal complications
and has numerous identifiable risk factors. Our find-
ings could potentially aid clinicians in proactively iden-
tifying women at risk of requiring a relaparotomy after a
CD, thereby contributing to the mitigation of associated
morbidity.

Abbreviations

aOR Adjusted odds ratio

ART Assisted reproductive technology
cD Cesarean delivery

EBL Estimated blood loss

GDM Gestational diabetes mellitus

HDP Hypertensive disorders of pregnancy
ICU Intensive care unit

LMWH Low molecular weight heparin

OR Operation room

PAS Placenta accreta spectrum

PPH Postpartum hemorrhage

PTSD-FC  Post-traumatic stress disorder following childbirth
TXA Tranexamic acid

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512884-024-06455-6.

[ Supplementary Material 1 J

Acknowledgements
Not applicable.

Author contributions

UA, AL and LH conceived and designed the study; UA, YB and AH participated
in data acquisition; UA performed data analysis; UA, AH, YB and AL interpreted
data for the work; UA, AH, AL, LH and YY drafted the article and all other
co-authors revised it for important intellectual content; all authors gave final
approval of the final version and agree to be accountable for all aspects of the
work.

Funding
None.

Data availability
The datasets used and/or analyzed during the current study are available from
the corresponding author upon reasonable request.

Declarations

Ethics approval and consent to participate

All methods were conducted in compliance with applicable guidelines and
regulations. This study adhered to the principles outlined in the Declaration of
Helsinki. The study was approved by the ethics committee of Tel Aviv Sourasky
Medical Center Institutional Review Board (IRB) (approval number 0618 —22).
Due to the retrospective nature of the study, the need for informed consent
was waived by Tel Aviv Sourasky Medical Center’s local IRB (IRB TLV-0618-22).


https://doi.org/10.1186/s12884-024-06455-6
https://doi.org/10.1186/s12884-024-06455-6

Amikam et al. BMC Pregnancy and Childbirth

(2024) 24:284

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 23 January 2024 / Accepted: 27 March 2024
Published online: 17 April 2024

References

1.

Betran AP, Ye J, Moller AB, Souza JP, Zhang J. Trends and projections of caesar-
ean section rates: global and regional estimates. BMJ Glob Health. 2021,6(6).
Boerma T, Ronsmans C, Melesse DY, Barros AJD, Barros FC, Juan L, et al.
Global epidemiology of use of and disparities in caesarean sections. Lancet.
2018,392(10155):1341-8.

Osterman MJK, Hamilton BE, Martin JA, Driscoll AK, Valenzuela CP, Births. Final
data for 2021. Natl Vital Stat Rep. 2023;72(1):1-53.

Korb D, Goffinet F, Seco A, Chevret S, Deneux-Tharaux C. Risk of severe mater-
nal morbidity associated with cesarean delivery and the role of maternal age:
a population-based propensity score analysis. CMAJ. 2019;191(13):E352-60.
Ashwal E, Yogev Y, Melamed N, Khadega R, Ben-Haroush A, Wiznitzer A, et al.
Characterizing the need for re-laparotomy during puerperium after cesarean
section. Arch Gynecol Obstet. 2014;290(1):35-9.

Sandall J, Tribe RM, Avery L, Mola G, Visser GH, Homer CS, et al. Short-term
and long-term effects of caesarean section on the health of women and
children. Lancet. 2018;392(10155):1349-57.

Weissmann-Brenner A, Barzilay E, Meyer R, Levin G, Harmatz D, Alakeli A, et

al. Relaparotomy post-cesarean delivery: characteristics and risk factors. Arch
Gynecol Obstet. 2021;304(6):1427-32.

Mik M, Magdzinska J, Dziki L, Tchorzewski M, Trzcinski R, Dziki A. Relapa-
rotomy in colorectal cancer surgery—do any factors influence the risk of
mortality? A case controlled study. Int J Surg. 2014;12(11):1192-7.

Akkurt MO, Coskun B, Guglu T, Cift T, Korkmazer E. Risk factors for relapa-
rotomy after cesarean delivery and related maternal near-miss event due to
bleeding. J Matern Fetal Neonatal Med. 2020;33(10):1695-9.

Rajaretnam N, Okoye E, Burns B. Laparotomy. StatPearls. Treasure Island (FL):
StatPearls Publishing Copyright © 2023. StatPearls Publishing LLC,; 2023.

Sak ME, Turgut A, Evsen MS, Soydinc HE, Ozler A, Sak S, et al. Relaparotomy
after initial surgery in obstetric and gynecologic operations: analysis of 113
cases. Ginekol Pol. 2012;83(6):429-32.

Peker N, Yavuz M, Aydin E, Ege S, Bademkiran MH, Karacor T. Risk factors for
relaparotomy after cesarean section due to hemorrhage: a tertiary center
experience. J Matern Fetal Neonatal Med. 2020;33(3):464-70.

Lurie S, Sadan O, Golan A. Re-laparotomy after cesarean section. Eur J Obstet
Gynecol Reprod Biol. 2007;134(2):184-7.

Levin |, Rapaport AS, Salzer L, Maslovitz S, Lessing JB, Aimog B. Risk

factors for relaparotomy after cesarean delivery. Int J Gynaecol Obstet.
2012;119(2):163-5.

Kessous R, Danor D, Weintraub YA, Wiznitzer A, Sergienko R, Ohel |, et al. Risk
factors for relaparotomy after cesarean section. J Matern Fetal Neonatal Med.
2012;25(11):2167-70.

Shinar S, Hareuveni M, Ben-Tal O, Many A. Relaparotomies after cesar-

ean sections: risk factors, indications, and management. J Perinat Med.
2013,41(5):567-72.

Huras H, Radon-Pokracka M, Nowak M. Relaparotomy following cesarean sec-
tion - a single center study. Eur J Obstet Gynecol Reprod Biol. 2018,225:185-8.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 9 of 9

Ragab A, Mousbah Y, Barakat R, Zayed A, Badawy A. Re-laparotomy after
caesarean deliveries: risk factors and how to avoid? J Obstet Gynaecol.
2015;35(1):1-3.

Pencole L, Peyronnet V, Mandelbrot L, Lepercq J. Risk factors of relaparotomy
for intra-abdominal hemorrhage after cesarean delivery. Eur J Obstet Gynecol
Reprod Biol. 2021;260:118-23.

Levitt L, Sapir H, Kabiri D, Ein-Mor E, Hochner-Celnikier D, Amsalem H. Re-
laparotomy following cesarean delivery - risk factors and outcomes. J Matern
Fetal Neonatal Med. 2016;29(4):607-9.

Gui J, Ling Z, Hou X, Fan Y, Xie K, Shen R. In vitro fertilization is associated with
the onset and progression of preeclampsia. Placenta. 2020,89:50-7.

Ganer Herman H, Farhadian Y, Shevach Alon A, MizrachiY, Ariel D, Raziel

A, et al. Complications of the third stage of labor in in vitro fertilization
pregnancies: an additional expression of abnormal placentation? Fertil Steril.
2021;115(4):1007-13.

Wertheimer A, Melamed S, Ashwal E, Sapir O, Oron G, Ben-Haroush A, et al.
Complications of the third stage of labor are more prevalent in IVF pregnan-
cies. J Matern Fetal Neonatal Med. 2022;35(4):663-7.

Nyflgt LT, Sandven |, Stray-Pedersen B, Pettersen S, Al-Zirqi |, Rosenberg M, et
al. Risk factors for severe postpartum hemorrhage: a case-control study. BMC
Pregnancy Childbirth. 2017;17(1):17.

Wang S, Wang K, Hu Q, Liao H, Wang X, Yu H. Perinatal outcomes of women
with Mllerian anomalies. Arch Gynecol Obstet. 2023,307(4):1209-16.

von Schmidt auf Altenstadt JF, Hukkelhoven CW, van Roosmalen J, Bloemen-
kamp KW. Pre-eclampsia increases the risk of postpartum haemorrhage: a
nationwide cohort study in the Netherlands. PLoS ONE. 2013;8(12):e81959.
Liu C-n, Yu F-b, Xu Y-z, Li J-s, Guan Z-h, Sun M-n, et al. Prevalence and risk
factors of severe postpartum hemorrhage: a retrospective cohort study. BMC
Pregnancy Childbirth. 2021;21(1):332.

Sharma SK, Philip J, Whitten CW, Padakandla UB, Landers DF. Assessment of
changes in coagulation in parturients with preeclampsia using thromboelas-
tography. Anesthesiology. 1999;90(2):385-90.

Erez O, Othman M, Rabinovich A, Leron E, Gotsch F, Thachil J. DIC in
pregnancy - pathophysiology, clinical characteristics, diagnostic scores, and
treatments. J Blood Med. 2022;13:21-44.

Vitner D, Bleicher |, Levy E, Sloma R, Kadour-Peero E, Bart Y, et al. Differences in
outcomes between cesarean section in the second versus the first stages of
labor. J Matern Fetal Neonatal Med. 2019;32(15):2539-42.

Rottenstreich M, Sela HY, Shen O, Michaelson-Cohen R, Samueloff A, Reich-
man O. Prolonged operative time of repeat cesarean is a risk marker for post-
operative maternal complications. BMC Pregnancy Childbirth. 2018;18(1):477.
Gedikbasi A, Akyol A, Asar E, Bingol B, Uncu R, Sargin A, et al. Re-laparotomy
after cesarean section: operative complications in surgical delivery. Arch
Gynecol Obstet. 2008,278(5):419-25.

Seal SL, Kamilya G, Bhattacharyya SK, Mukherji J, Bhattacharyya AR. Relapa-
rotomy after cesarean delivery: experience from an Indian teaching hospital.
J Obstet Gynecol Res. 2007;33(6):804-9.

Amikam U, Hochberg A, Abramov S, Lavie A, Yogev Y, Hiersch L. Risk factors
for maternal complications following uterine rupture: a 12-year single-center
experience. Arch Gynecol Obstet. 2023.

Ertan D, Hingray C, Burlacu E, Sterlé A, El-Hage W. Post-traumatic stress disor-
der following childbirth. BMC Psychiatry. 2021;21(1):155.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Risk factors for relaparotomy after a cesarean delivery: a case-control study
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study population
	﻿Data collection
	﻿Statistical analysis

	﻿Results
	﻿Discussion
	﻿References


