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OBJECTIVE: To determine whether avoiding intra-ab-
dominal irrigation at cesarean delivery will decrease rates
of intraoperative and postoperative gastrointestinal dis-
turbance without increasing postoperative morbidity.

METHODS: This was a randomized controlled trial of
patients undergoing cesarean delivery. Patients were
randomized to irrigation after closure of the hysterotomy
compared with no irrigation. The cesarean delivery was
otherwise performed in the usual fashion. The patient
was blinded to treatment once assigned. The primary
outcome was maternal intraoperative nausea. The sec-
ondary outcomes were postoperative maternal gastroin-
testinal disturbance and incidence of maternal infectious
morbidity.

RESULTS: Two hundred thirty-six patients were random-
ized; 126 were randomized to no irrigation and 110 were
randomized to irrigation. Both were similar with respect
to age, body mass index, operative time, blood loss,
uterine incision, tubal ligation, exteriorization of the
uterus, packing of bowel, lysis of adhesions and bladder
flap, and peritoneal or rectus muscle closure. Intraoper-
ative nausea was significantly more frequent with irriga-
tion compared with no irrigation (51 of 110 [46.4%]
compared with 36 of 126 [28.26%]; relative risk 1.62, 95%
confidence interval 1.15–2.28). We noted no statistically
significant differences for intraoperative emesis, preop-
erative chorioamnionitis, postoperative nausea, postop-
erative emesis, postoperative antiemetic administration,
endometritis, or postoperative febrile morbidity. There

was an increased trend of postoperative nausea and
antiemetic use with irrigation.

CONCLUSION: Irrigation at cesarean delivery increases
intraoperative nausea without decreasing postoperative
infectious morbidity.

CLINICAL TRIAL REGISTRATION: ClinicalTrials.gov, www.
clinicaltrials.gov, NCT01479712.
(Obstet Gynecol 2012;119:1106–11)
DOI: 10.1097/AOG.0b013e3182460d09

LEVEL OF EVIDENCE: I

Cesarean delivery is the most common surgical
procedure performed in the United States.1 Sur-

gical technique,2 skin preparation,3 method of placen-
tal delivery,4–7 changing of gloves,4 uterine exterior-
ization during repair of hysterotomy,7 and type of
irrigation solution8 all have been evaluated as modes
to reduce postoperative morbidity. Antibiotic prophy-
laxis is the most accepted and proven approach to
reduce postoperative infectious morbidity after cesar-
ean delivery.3,9–12 Despite the number of cesarean
deliveries performed today, surgeons perform cesar-
ean deliveries based on dogma, including the use of
abdominal irrigation, with little evidence to support
surgical technique or a reduction of infection. The
American College of Obstetrics and Gynecology has
not expressed an opinion on the use of irrigation at
the time of cesarean delivery and it is left to the
discretion of the surgeon.

Two previous investigations examined the role of
abdominal irrigation. Keblawi13 reported no differ-
ence in postoperative pain medication use with nor-
mal saline irrigation when compared with no irriga-
tion, but did note an increase in postoperative
temperature in the normal saline irrigation group.
Harrigill14 reported that intra-abdominal irrigation
with normal saline at the time of cesarean delivery did
not affect postoperative morbidities in low-risk popu-
lations, but did not look at high-risk populations or
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gastrointestinal (GI) disturbance. We hypothesized
that avoiding intraoperative irrigation at the time of
cesarean delivery will decrease intraoperative nausea
and vomiting without increasing maternal infectious
morbidity, postoperative pain, return of bowel func-
tion, or time to discharge.

MATERIALS AND METHODS
This study was a randomized controlled trial per-
formed between April 2009 and December 2010. The
Institutional Review Board at Virginia Common-
wealth University approved this single-institution
study (HM11572).

Potential participants were identified at the time
of admission to the labor and delivery unit. A resident
or attending physician discussed the study with the
patient. After time for consideration and having had
all questions answered, the woman was consented for
the trial. Consent was obtained at the time of admis-
sion to the labor and delivery unit. Inclusion criteria
include all pregnant English-speaking women, 18
years of age or older, presenting to Virginia Com-
monwealth University Medical Center for labor or
scheduled cesarean delivery. Per standard procedure
at Virginia Commonwealth University Medical Cen-
ter, all antepartum patients are admitted through
labor and delivery and consent for the study was
obtained on admission before transfer to the antepar-
tum service. Exclusion criteria included declining
consent or urgent and emergent clinical situations in
which the staff caring for the patient determined the
time required for the consent process could adversely
affect the potential participant’s clinical care. Demo-
graphic information was collected from all enrolled
participants.

If the patient had a successful vaginal delivery,
then she was not randomized and no further research
interventions occurred. If the woman required a
cesarean delivery, she was randomized either into the
intra-abdominal irrigation (treatment) group or into
the no irrigation (control) group. Block design was not
used. Assignment was performed by opening a se-
quentially numbered opaque envelope containing
computer-randomized individual allocations. The en-
velope was opened by the circulation nurse in the
operating room and silently viewed by the surgeons
after closure of the hysterotomy. Instructions were
given to not verbalize the treatment arm revealed.
The original randomization was performed by re-
search staff before the initiation of the study using a
random number table generator, and the participants
were blinded to treatment once assigned. Information
regarding basic demographic data, interventions dur-

ing the cesarean delivery, and postpartum course
were obtained from the participant’s charts after
discharge from the hospital.

The two groups differed only in intraoperative
management of the participant after delivery of the
fetus. Women in the irrigation arm underwent a
cesarean delivery with irrigation of the abdominal
cavity with 500–1,000 mL of warm normal saline
after closure of the hysterotomy, but before the clo-
sure of the abdominal wall. Surgeons were unaware of
their randomization arm until this point, so any
variations in surgical technique or bowel manipula-
tion could not have been biased by knowing the
randomization arm in advance. Surgeons were in-
structed to rely on their usual operative practice style,
which at Virginia Commonwealth University Medi-
cal Center is to minimize bowel manipulation. The
actual amount of warmed saline instilled into the ab-
dominal cavity was left to the discretion of the attend-
ing physician as long as it was between 500 mL and
1,000 mL. The irrigation was dispensed from the
warmer before start of the cesarean delivery and was
determined to be warm to touch before instillation.
There were no specific requirements regarding loca-
tion of placement of the irrigation except that it must
have been placed in the abdominal cavity. In addi-
tion, all blood clots and other debris were manually
evacuated from the paracolic gutters, anterior and
posterior cul-de-sacs, and from under the bladder
flap. The women in the no irrigation group (control
arm) underwent a cesarean delivery without irriga-
tion. The control group women similarly had all
blood clots and other debris manually evacuated from
the paracolic gutters, anterior and posterior cul-de-
sacs, and from under the bladder flap. This study
followed the same design as the two previously pub-
lished studies. Per standard operative management at
Virginia Commonwealth University Medical Center,
both groups underwent inspection of the uterine
incision, with or without closure of the vesicouterine
peritoneum (bladder flap), abdominal peritoneum, or
rectus muscles per attending preference. Both groups
underwent standard closure of the abdominal fascia,
consisting of suturing with a running nonlocking
delayed absorbable suture. Irrigation of the subcuta-
neous tissues superior to the closed fascia was per-
formed in both groups. Staples or absorbable suture
was used for skin closure. In addition, all participants
received a standardized dose of 1 g cefazolin intrave-
nously as antibiotic prophylaxis before the start of
surgery. Participants with cefazolin allergy received
900 mg clindamycin. No patients were administered
prophylactic antiemetics.
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At Virginia Commonwealth University Medical
Center, standard postoperative care generally in-
cludes vital signs every 4 hours, which includes
collection of patient report of pain level and nausea
symptoms by nursing staff blinded to randomization.
Discontinuation of the Foley catheter, advancement
to a general diet, examination of the surgical incision,
notation of return of GI function (flatus), ambulation,
and a complete blood count are standard orders for
postoperative day 1.

The primary outcome measured was maternal GI
disturbance during the cesarean delivery. This was
defined as nausea with or without emesis intraopera-
tively. This was measured as any unsolicited patient
report of nausea, any emesis, or receipt of any anti-
emetic during the cesarean delivery. This was recorded
by nursing staff not blinded to the randomization. The
secondary outcomes measured were postoperative
maternal GI disturbance and the incidence of mater-
nal endomyometritis. Endomyometritis was diag-
nosed by the presence of two or more of the follow-
ing: abnormally tender uterus on examination,
temperature more than 38.0°C at any time postoper-
atively, and unexplained maternal tachycardia more
than 100 beats per minute (bpm). A diagnosis of
endomyometritis was criteria for initiating treatment
with antibiotics. Postoperative GI disturbance was
defined as any nausea, emesis, or use of any anti-
emetic during the postoperative hospitalization. This
was determined through routine nursing assessment
of nausea, emesis, and chart review of any antiemetic
medications administered during the postoperative
period. The time of advancement to a general diet as
well as to return of bowel function were recorded in
the daily note by physician staff. Return of bowel
function was defined as passage of flatus and tolerance
of a general diet. Postoperative nursing staff were
blinded to group assignment to avoid any potential
bias; however, the surgeon who performed the oper-
ative procedure cared for the patient in the postoper-
ative period and, thus, was not blinded to the study
group.

The investigators collected the data, performed
data entry, and reviewed charts to ensure accuracy of
information. Accuracy of the information was insured
by comparing the nursing records, obstetric record,
and the anesthesia record. Data were collected and
entered on a continuous basis to prevent loss of chart
records.

Because variable rates of intraoperative nausea
have been reported in the literature, we expected
overall a 20% increase in GI disturbances associ-
ated with intraoperative irrigation (treatment) com-

pared with no irrigation (no treatment) groups. We
used a 20% difference and with a type 1 error rate of
0.05 and a power of 0.90; this required randomization
of 184 patients in each group to obtain an adequate
sample size. Our study was stopped halfway through
to allow for planned midpoint data analysis for resi-
dent research day. Extracted data were organized
with an Excel spreadsheet and analyzed with PASW
18.0 statistical software. Categorical data were ana-
lyzed with �2 tests. Normality was not quantitatively
assessed. Continuous variables were analyzed with a t
test. Interval data and nonparametric testing were
analyzed with the Mann-Whitney U test. The 95%
confidence intervals (CIs) are reported throughout. A
significance level of .05 was used when significance
testing was necessary. Logistic regression was used to
analyze for potential confounding in the analysis of
the primary outcome. The predetermined analysis
was to include in the model variables that appeared
not to be randomly distributed during the randomiza-
tion, as well as variables thought to be potential
confounders clinically.

RESULTS
Between April 2009 and December 2010, 236 pa-
tients undergoing cesarean delivery were random-
ized; 126 were randomized into the no irrigation
group and 110 were randomized into the irrigation
group. All participants received the intervention to
which they were randomized, and none was lost to
follow-up or withdrew from the study during the
hospital stay. There were no significant differences in
the distribution of indications for the cesarean deliv-
ery between the two groups (Table 1), and the two
groups were similar with respect to preoperative and
demographic characteristics (Table 1).

Table 2 presents differences in the surgeries be-
tween the two groups. The primary outcome mea-
sured in this study was maternal GI disturbance
during the cesarean delivery, defined as nausea with
or without emesis intraoperatively. Intraoperative
nausea was recorded in 36 (28.26%) of those random-
ized to no irrigation and 51 (46.4%) of those random-
ized to the irrigation arm. This resulted in a significant
difference between the two groups (relative risk [RR]
1.62, 95% CI 1.15–2.28). Intraoperative emesis was
noted to be more frequent, but this difference was not
statistically significant (26.4% compared with 19.0%;
RR 1.38, 95% CI 0.86–2.23).

Multivariate logistic regression was performed to
control for exteriorization of the uterus, packing of
bowel, lysis of adhesions, closure of the bladder flap
(vesicouterine peritoneum), closure of the abdominal
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peritoneum, and closure of the rectus muscles as a
source of the intraoperative nausea. In this analysis,
irrigation remained a significant predictor of nausea,
with odds ratio (OR) 2.09 (95% CI 1.20–3.59). Other
variables in the equation were not significant: bowels
packed (OR 1.79, 95% CI 0.47–6.79), lysis of adhe-
sions (RR 1.77, 95% CI 0.89–3.57), uterus exterior-
ized (RR 2.31, 95% CI 1.04–5.09), closure of the
bladder flap (OR 1.31, 95% CI 0.48–3.56), closure of
the peritoneum (OR 1.6, 95% CI 0.58–2.35), and

closure of the rectus muscles (OR 0.90, 95% CI
0.71–1.44).

Secondary outcomes of measure included preop-
erative chorioamnionitis (defined as maternal fever
more than 38°C with at least two of the following
conditions: maternal leukocytosis more than 15,000
cells/mm3, maternal tachycardia more than 100 bpm,
fetal tachycardia more than 160 bpm, uterine tender-
ness, foul odor of the amniotic fluid), postoperative
nausea, postoperative emesis, requirement of postop-

Table 2. Intraoperative Outcomes

No Irrigation
(n�126)

Irrigation
(n�110)

Relative Risk or
Risk Difference 95% CI P

Preoperative diagnosis of
chorioamnionitis

10 (7.9) 8 (7.3) 0.92 0.37–2.24 1.00

Lysis of adhesions 28 (22.2) 22 (20.0) 0.90 0.55–1.48 .750
Bowel packed 6 (4.8) 4 (3.6) 0.76 0.22–2.64 .754
Uterus exteriorized 95 (75.4) 95 (86.4) 1.15 1.01–1.30 .047
Bilateral tubal ligation 31 (24.6) 36 (32.7) 1.23 .0.93–1.62
Closure of rectus muscle 44 (34.9) 38 (34.5) 1.011 0.71–1.44 .952
Closure of peritoneum 16 (12.7) 12 (10.9) 1.164 0.58–2.35 .672
Closure of bladder flap 9 (7.1) 6 (5.5) 1.310 0.48–3.56 .596
Intraoperative nausea 36 (28.6) 51 (46.4) 1.62 1.15–2.28 .007
Intraoperative emesis 24 (19.0) 29 (26.4) 1.38 0.86–2.23 .212
Operative time (min)* 64.37�22.64 63.95�21.71 .428 �5.28 to 6.14
Estimated blood loss (mL) 864.37�195.10 861.95�209.90 2.41 �49.55 to 54.38

CI, confidence interval.
Continuous data are mean�standard deviation. Dichotomous data are n (%).
* Start of surgery to end of surgery.

Table 1. Demographic Characteristics and Indications for Cesarean Delivery

No Irrigation
(n�126)

Irrigation
(n�110)

Relative Risk or
Risk Difference 95% CI

P or
Range

Age (y) 26.85�5.72 27.13�6.10 �0.28 �1.79 to 1.24 .718
Gestational age (wk) 37.91�2.99 38.54�2.61 �0.62 �1.35 to 0.10 .089
Gravidity* 3 3 P�.754 1–9
Parity* 1 1 P�.721 0–7
BMI (kg/m2) 35.13�9.36 35.59�9.60 �0.46 �2.90 to 1.97 .708
Primary cesarean delivery 55 (43.7) 50 (45.5) 0.96 0.72–1.28 .781
Labored 39 (31.0) 38 (34.5) 0.90 0.621–1.292 .557
Congenital anomalies 3 (2.4) 0 (0.0)
Dystocia of labor 15 (11.9) 18 (16.4)
Elective repeat cesarean delivery 63 (50.0) 50 (45.5)
Failed induction of labor 2 (1.6) 2 (1.8)
Hypertensive disorders 5 (4.0) 3 (2.7)
Large for gestational age 2 (1.6) 7 (6.4)
Malpresentation 13 (10.3) 7 (6.4)
Nonreassuring fetal surveillance 8 (6.3) 8 (7.2)
Previa 2 (1.6) 1 (0.9)
Twins 4 (3.2) 2 (1.8)
Maternal indications 7 (5.6) 10 (9.1)

CI, confidence interval; BMI, body mass index.
Continuous data are mean�standard deviation. Dichotomous data are n (%).
Medians are presented, along with the P value for the Mann-Whitney U test.
* Gravidity and parity were not normally distributed.
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erative antiemetics, and a postoperative temperature
38°C or more were not statistically significant be-
tween the two groups (Table 3). Despite the lack of
statistical significance, the occurrence of postopera-
tive nausea and use of antiemetics showed an in-
creased trend in the group that received irrigation.

DISCUSSION
Irrigation at the time of cesarean delivery is classically
described as a fundamental step in most obstetrical
texts. Our study questions the need for irrigation
because we demonstrated an increase in intraopera-
tive maternal morbidity without any beneficial ef-
fects either intraoperatively or postoperatively. We
theorize that the increased nausea intraoperatively
with the use of irrigation is attributable to perito-
neal irritation.

The incidence of intraoperative nausea and vom-
iting at the time of cesarean delivery is variable, with
rates up to 80% reported. This may be dependent on
multiple factors, including anesthetic technique, use
of preventive or therapeutic medications, and visceral
irritation.15 Postoperative nausea and vomiting after
cesarean delivery are also variable and have been
reported to be as high as 50%.16,17 There are no clear
published numbers on the effect of intraoperative
irrigation on postoperative return of bowel function
after cesarean delivery. Patient hospital stays are often
3 to 4 days to allow for resolution of abdominal
distention as well as return of bowel function. The two
previous investigations that examined the role of
abdominal irrigation reported no benefit to irrigation
with respect to infection rate but did not report any
harm with irrigation. Now, three studies report no
benefit and our study notes statistically significant

harm with the use of irrigation at the time of cesarean
delivery. The primary outcome of this study was
initially chosen based on the observations of an
experienced obstetrical provider that irrigation during
cesarean delivery often resulted in immediate patient
discomfort with uncertain benefit. One could argue
that, if eliminating this step achieved improved pa-
tient comfort without any negative sequelae, women
might report more optimal birth experiences, better
newborn bonding, easier initiation of early breast-
feeding, and more efficient postoperative recovery.

In addition, eliminating such a surgical step has
the potential to decrease operative costs as well as
surgical operative time. Although this may be of small
significance during individual cases, given the in-
crease in cesarean delivery numbers globally, elimi-
nating the described irrigation step has the potential
to reduce costs and conserve resources on a larger
scale.

The strengths of this study include that it was a
randomized controlled trial at a large university hos-
pital where study participants could be enrolled with
a wide range of indications for cesarean delivery, as
well as multiple comorbidities including pre-existing
infections. In addition, both the study participants and
postpartum nursing staff were blinded to the treat-
ment arm, minimizing bias in data collection.

Our study had several weaknesses. The majority
of recruited patients was presenting for a scheduled
cesarean delivery and because of the ease of recruit-
ment on the day of definitive surgery was dispropor-
tionally enrolled. Whereas other cesarean delivery
indications were represented in our sample popula-
tions, it is possible that their lower numbers under-
represented populations that might have differing

Table 3. Postoperative Outcomes

No Irrigation
(n�126)

Irrigation
(n�110) P

Relative
Risk 95% CI

Postoperative nausea 18 (14.3) 25 (22.7) .128 1.59 0.92–2.76
Postoperative emesis 9 (7.1) 8 (7.3) 1.00 1.02 0.41–2.55
Use of antiemetic 13 (10.3) 20 (18.2) .093 1.76 0.92–3.37
Temperature (38.0°C or higher) 26 (20.6) 19 (17.3) .619 0.84 0.49–1.43
Endometritis 12 (9.5) 8 (7.3) .536 1.31 0.56–3.09
Pain score*

Postoperative day 1 3.0 3.0 .931 — —
Postoperative day 2 2.0 3.0 .665 — —
Postoperative day 3 2.0 2.0 .798 — —

Passage of flatus (postoperative day)* 1.00 1.00 .541 — —
Advancement to general diet (postoperative day)* 1.00 1.00 .240 — —
Day of discharge* 3.00 3.00 .420 — —

CI, confidence interval.
Dichotomous data are n (%).
* Medians presented for non-normally distributed data. P values are for Mann-Whitney U test.
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irrigation results. The second notable weakness was
the involvement of various anesthesia providers who
have differing thresholds to inquire regarding nausea.
Although this should be controlled for through ran-
domization, it is possible that individual anesthesiol-
ogists manage patients differently depending on the
presence or absence of irrigation. Because we did not
use a standardized tool to inquire regarding intraop-
erative symptoms, the health care provider and the
self-reporting threshold of the patient could under-
standably vary. Further recruitment to the planned
randomization of 184 participants would have
blunted practice style differences further; had the
study continued with more patient enrollment, then
differences in actual emesis might have reached sta-
tistical significance as well. Our study was stopped
early at a planned midpoint evaluation because we
noted patient accrual was slower than expected.
Based on the strength of our results, we felt it was not
going to change our outcomes because our study
design was predicated on no difference in postopera-
tive infection rates as observed in previous studies.
One could argue that a larger sample size would have
strengthened our data and conclusions even further.

Our study demonstrates that irrigation at the time
of cesarean delivery increases intraoperative nausea
without any beneficial effects on postoperative mater-
nal GI status or maternal infectious morbidity. Based
on our results, we feel routine use of irrigation is a
practice that should be questioned and, based on
current evidence, possibly abandoned.
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