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ORIGINAL ARTICLE

The efficacy of preoperative low-residue diet on postoperative ileus
following cesarean section

Innocenza Palaiaa, Giuseppe Carusoa , Giorgia Perniolaa, Violante Di Donatoa, Roberto Brunellia, Annarita
Vestrib, Maria Scudoa, Gabriella Gentilea, Angela Musellaa, Pierluigi Benedetti Panicia and Ludovico Muziia

aDepartment of Maternal and Child Health and Urological Sciences, Sapienza University, Rome, Italy; bDepartment of Public Health
and Infectious Diseases, Sapienza University, Rome, Italy

ABSTRACT
Objective: To evaluate the efficacy of preoperative low-residue diet on postoperative ileus in
women undergoing elective cesarean section (CS).
Methods: This is a surgeon-blind, randomized controlled trial enrolling pregnant women at
�39weeks of gestation undergoing elective CS. Patients were preoperatively randomized to
receive either low-residue diet (arm A) or free diet (arm B) starting from three days before
surgery. The primary outcome was the postoperative ileus. The secondary outcomes were the
postoperative pain (assessed through VAS scale), the quality of the surgical field (scored using a
5-point scale, from poor to excellent), postoperative complications, and the length of hospital
stay. Perioperative data were collected and compared between groups.
Results: A total of 166 patients were enrolled and randomized in arm A (n¼ 83) and arm B
(n¼ 83). Postoperative ileus over 24h was significantly shorter in arm A, compared to arm B
(19.3% vs 36.2%). The surgical evaluation of small intestine was scored �3 in 96.4% of arm A
patients versus 80.7% in arm B, while evaluation of large intestine, respectively, in 97.7% and
81.9%. Postoperative pain after 12 h from CS was significantly lower in arm A (VAS, 3.4 ± 1.7)
compared to arm B (VAS, 4.1 ± 1.8). There were no significant differences as regards postopera-
tive pain at 24 and 48h, nausea/vomit, surgical complications, and hospital stay.
Conclusions: Implementation of a preoperative low-residue diet for women scheduled for elect-
ive CS would reduce postoperative ileus and pain. Further large-scale studies are required before
translating these research findings into routine obstetrical practice.

ARTICLE HISTORY
Received 9 March 2022
Revised 23 October 2022
Accepted 12 April 2023

KEYWORDS
ERAS; low-residue diet;
obstetrics; perioperative
management; cesarean
section; postoperative ileus

1. Introduction

Cesarean section (CS) represents one of the most com-
monly performed surgeries worldwide, with nearly 19
million procedures recorded yearly [1]. Considering
this high surgical burden, increasing interest has been
raised in investigating the role of enhanced recovery
after surgery (ERAS) protocol in the obstetric surgical
care [2].

Enhanced recovery after surgery is a multidisciplin-
ary, evidence-based, standardized program to improve
the perioperative care and recovery of surgical
patients with both clinical (reductions in length of
stay, complications, and readmissions, earlier return to
daily activities) and health system benefits (reduction
in costs) [2,3]. As the first ERAS pathway was devel-
oped in colorectal surgery nearly two decades ago,

these protocols have been successfully applied in sev-
eral surgical specialties, including orthopedic, urologic,
and gynecologic surgery [4–12]. However, its applica-
tion in the field of obstetrics for women undergoing
CS has attracted less critical attention, and the litera-
ture is still limited [3,13–15].

Among the key elements of ERAS protocols, bowel
preparation and preoperative nutrition care have
been, and continues to be, a long-standing matter of
debate [16]. This acquires even more importance for
obstetric patients where at least two patients are
impacted and a special focus on fetal health is
required. Currently, the ERAS Society guidelines do
not recommend preoperative routine mechanical
bowel preparation (oral and/or rectally administered
solutions) because the putative beneficial role on
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reducing the risk of postoperative infections and
improving the quality of the operative field is counter-
balanced by the patient discomfort, dehydration, and
electrolyte imbalance [17–19]. On the other hand, the
impact of preoperative nutrition care is rarely
described in recent literature for most surgical disci-
plines [9,20]. The implementation of preoperative
nutrition interventions into the surgical pathway may
be both effective and safe in improving intra- and
postoperative outcomes [21]. In addition to pre-
operative fasting, patients encounter additional post-
operative hunger due to delay in return of bowel
function (ileus), causing decreased wound healing,
prolonged hospital stay, and patient discomfort [22].
Reducing the duration of postoperative ileus may not
only improve maternal recovery, but also facilitate
maternal–neonatal bonding [13]. Several measures
have been tried to reduce the duration of postopera-
tive ileus after surgery, including the nasogastric tube,
adequate hydration, early ambulation, and chewing
gum, all showing only limited benefits [17–19]. Only
few ERAS Society guidelines recommend the routine
inclusion of specific preoperative diets before surgery

and there are no specific indications for obstetric sur-
gical patients [23–25].

The aim of the present study, therefore, is to evalu-
ate the impact of preoperative low-residue diet on
postoperative ileus in women undergoing elective CS.

2. Materials and methods

The present study is a surgeon-blind prospective
randomized controlled trial. The study was reported
following the Consolidated Standards of Reporting
Trials (CONSORT) guideline (Figure 1) [26]. From
October 2018 to November 2020, pregnant women at
�39weeks of gestation scheduled for elective CS at
the Department of Gynecology of Policlinico Umberto
I (Sapienza University of Rome) were enrolled in the
study. Written informed consent was obtained from all
subjects. The study was approved by the local
Institutional Review Board and retrospectively regis-
tered (protocol number: 0724/2018).

Exclusion criteria included: (a) urgent/emergent sur-
gery; (b) patients with gastrointestinal disorders; (c)
complicated pregnancy (e.g. active infection, placental

Figure 1. CONSORT flow diagram.
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adhesive disorders, hypertensive disorders), which
would potentially prolong their hospitalization; (d)
incomplete medical records. One week before the sur-
gery, patients were randomized to receive preoperative
low-residue diet starting three days before surgery
(Arm A) or free diet (Arm B). A low-fiber diet simply
reduces fiber intake by eliminating or limiting high-fiber
foods such as raw fruits and vegetables. Patients
received clear explanations, practical schemes, and a
list of allowed foods, tailored to fit individual needs
(see Tables 1 and 2). They were also encouraged to
maintain daily records of foods they consumed, which
were then checked by unblind investigators.
Randomization assignment was performed using the
block randomization method (block size of 4) to ensure
a balance in sample size across groups over time.

Preoperatively, all patients were submitted to a gen-
eral and obstetric history, complete physical and
obstetric examination, obstetric ultrasound, blood
exams, and EKG. All patients received antibiotic prophy-
laxis with cefazolin 2 g 30min before incision and
antithrombotic prophylaxis with low-molecular-weight
heparins 12 h before surgery. Liquid and solid fasting
was maintained starting from 8h before the interven-
tion. Perioperative data were recorded. All patients fol-
lowed a liquid diet for 12 h after surgery. All CSs were
performed by the same surgeon using a Pfannenstiel
incision. The surgeon was not aware of which diet the
patients had followed before surgery.

The primary outcome was the postoperative ileus.
The primary endpoint was the passage of flatus within
the first 24 h after CS. The secondary outcomes were
the postoperative pain, the quality of the surgical field,
postoperative complications, and the length of hospital
stay. The Clavien–Dindo classification system was used
to describe grade I–IV postoperative complications [27].
During surgery, the surgeon was asked to evaluate the
degree of small and large bowel preparation and the

overall appropriateness of the surgical field using a
5-point scale (poor, sufficient, medium, good, excellent)
[28]. Blood loss was evaluated indirectly by pre and
postoperative hemoglobin levels after standardization
of postoperative fluid intake. All patients were asked to
indicate their degree of nausea, pain, and abdominal
swelling at 12, 24, and 48 h postoperatively, through a
VAS scale. Postoperative ileus (time to first passage of
flatus) and postoperative hospital stay were recorded
as well as the request and administration of analgesics
(IV or IM) and any short-term postoperative complica-
tion. The standard analgesic used was intravenous
1000mg paracetamol every 6–8 h as needed.

The sample size was calculated by considering a
70% rate of passage of flatus within the first 24 h after
CS and a 90% rate in patients receiving low-residue
diet before surgery. Group sample sizes of 78 in group
one and 78 in group two achieve 86% power to
detect a difference between the group proportions of
�0.2000. The proportion in group one (the low-
residue diet group) is assumed to be 0.9000 under the
null hypothesis and 0.7000 under the alternative
hypothesis. The test statistic used is the two-sided
Fisher’s Exact test. The significance level of the test
was targeted at .05. We considered a dropout percent-
age of about 10%, and then we enrolled 172 patients;
after the screening procedures we assigned 83
patients in the free-diet group and 83 patients in the
low-residue group.

Continuous data were summarized by mean,
median, and standard deviation. Categorical data were
summarized by counts and percentage. Parametric
tests were used after evaluation of the normal distri-
bution of the data to be analyzed. Student’s t-test was
used for continuous parametric variables, and the
v2test was used for categorical variables. The
Mann–Whitney test was used for nonparametric data.
Statistical significance was set at a p value of <.05.

Table 1. List of allowed and not allowed foods.
Foods Allowed Not allowed

Flour White bread, crackers Whole wheat bread, pasta, rice, cornflakes, foods
containing bran or corn, oat flour, whole grain cereals.

Desserts Ice pops, white yogurt Chocolate, dried fruit, seeds, coconut, fruit yogurt,
popcorn.

Fruits Cooked or pur�eed fruit (apples and pears) and
ripe bananas

Uncooked fruit, berries, dried fruits, seeds, nuts

Vegetables and legumes Boiled potatoes and carrots All other vegetables, both cooked and raw, legumes such
as broccoli, cabbages, cauliflower, spinach, peas,
lettuce, tomatoes and any other vegetables with seeds,
beans, chickpeas, etc.

Meat Chicken and turkey meat, fish, eggs Red meal, salami and sausages
Broth Vegetable broth Pur�eed vegetable soups, creams, and soups.
Drinks Tea, chamomile, herbal tea, skimmed milk, all

decaffeinated drinks, fruit juices without pulp
Espresso, cappuccino, whole or partially skimmed milk,

fruit juice with pulp and all alcoholic beverages.
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3. Results

A total of 166 patients scheduled for cesarean delivery
were enrolled: 83 in arm A and 83 in arm B. Patients’
characteristics are detailed in Table 3. No statistically
significant differences in terms of demographic charac-
teristics and comorbidities were reported between
the two groups. Briefly, the mean ages (± SD) were
34.4 ± 6.2 years and 34.42 ± 7.5 years, respectively,
in arm A and B. Previous CS was the most frequent
indication for elective CS, being 51.8% and 56.6%
respectively, in arm A and B, followed by maternal
indications (25.3% vs 21.7%, respectively), maternal

Table 2. Preoperative low-residue diet (starting three days before CS).
Natural oligomineral water; toasted bread.

BREAKFAST � Lemon juice (4ml)
� Rusks (30 g, 124 kcal)
� Tea (1.5 g)

LUNCH FIRST DISHES (max 1):
� Rice (80 g, 285 kcal) with oil (13ml, 119 kcal)
� Pasta (80 g, 287 kcal) with oil (13ml, 119 kcal)
� Liquid semolina in filtered vegetable broth (80 g, 280 kcal)

SECOND DISHES (max 1):
� Fillets of plaice (200 g, 182 kcal)
� Slice of chicken breast (200 g, 220 kcal)
� Slice of turkey breast (200 g, 238 kcal)
� White cattle meatballs (100 g, 231 kcal)
� Pork chop (150 g, 270 kcal)
� Grilled slices of beef (150 g, 216 kcal)
� Steamed hamburger (110 g, 199 kcal)
� Cod fillet dressed with olive oil (200 g, 166 kcal)
� Homogenized meat (200 g, 168 kcal)

CONTOURS (max 1):
� Carrots (150 g, 41 kcal) dressed with olive oil (10 g, 119 kcal)
� Potatoes (80 g, 83 kcal) dressed with olive oil (13ml, 119 kcal)
� Courgettis (150 g, 55 kcal) dressed with olive oil (13ml, 119 kcal)

FRUIT (max 1):
� Banana (89 kcal)
� Fruit mousse (100 g, 60 kcal)
� Fruit juice without sugar (200ml, 100 kcal)

DINNER FIRST DISHES (max 1):
� Rice (80 g, 285 kcal) with oil (13ml, 119 kcal)
� Pasta (80 g, 287 kcal) with oil (13ml, 119 kcal)
� Liquid semolina in filtered vegetable broth (80 g, 280 kcal)

SECOND DISHES (max 1):
� Slice of chicken breast (200 g, 220 kcal)
� Slice of turkey breast (200 g, 238 kcal)
� Platessa fillet (200 g, 118 kcal) with oil (13ml, 119 kcal)
� Raw ham (100 g, 238 kcal)
� White cattle meatballs (100 g, 231 kcal)
� Slice of grilled cattle (200 g, 220 kcal)
� Homogenized meat (200 g, 168 kcal)
� Parmesan cheese (50 g, 196 kcal)

CONTOURS (max 1):
� Carrots (150 g, 41 kcal) dressed with olive oil (10 g, 119 kcal)
� Potatoes (80 g, 83 kcal) dressed with olive oil (13ml, 119 kcal)
� Courgettis (150 g, 55 kcal) dressed with olive oil (13ml, 119 kcal)

FRUIT (max 1):
� Banana (89 kcal)
� Fruit mousse (100 g, 60 kcal)
� Fruit juice without sugar (200ml, 100 kcal)

Table 3. Clinical characteristics of OB group patients.
Variable Low-residue diet (n¼ 83) Free diet (n¼ 83)

Age (years)a 34.37 ± 6.17 34.42 ± 7.51
Weight (kg)a 73.69 ± 11.75 72.9 ± 11.8
Height (cm)a 163.20 ± 6.04 164.46 ± 6.38
BMI (kg/m2)a 27.81 ± 4.38 27.06 ± 4.44

Indications for CS
Previous CS 43 (51.8%) 47 (56.6%)
Maternal indications 21 (25.3%) 18 (21.7%)
Maternal request 12 (14.5%) 13 (15.7%)
Fetal indications 9 (10.8%) 6 (7.2%)
Malpresentation 2 (2.4%) 3 (3.6%)

Comorbidities 33 (39.8%) 30 (36.14%)
aData are expressed as mean ± standard deviation (SD).
BMI: body mass index; CS: cesarean section; NS: not significant; SD:
standard deviation.
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request (14.5% vs 15.7%, respectively), fetal indications
(10.8% vs 7.2%, respectively), and malpresentation
(2.4% vs 3.6%, respectively).

Intraoperative variables and complications as well
as the evaluation of the quality of surgical field are
listed in Table 4. There are no differences regarding
pre- and post-operative hemoglobin level and operat-
ing time. Hysterectomy for uterine atony was reported
in four cases: one case (1.2%) in arm A and three
cases (3.6%) in arm B.

A statistically significant difference was reported
about postoperative ileus after cesarean delivery.
Postoperative ileus was significantly shorter in arm A
patients, being <24 h in 80.7% of patients versus
63.8% in arm B. The evaluation of small and large
intestine preparation was significantly different
between the two groups: the final score was graded
as �3 in 96.4% of patients in arm A and 80.7% in arm
B for small intestine, and, respectively, 97.6% and
81.9% for large intestine. Postoperative surgical data
and complications are detailed in Table 5.
Postoperative pain after 12 h from CS was significantly
lower in arm A (VAS 3.4 ± 1.7) compared to arm B
(VAS 4.1 ± 1.8). There were no significant differences as
regards pain at 24 and 48 h, nausea and vomit at 24 h,
postoperative complications, and postoperative hos-
pital stay.

4. Discussion

In light of the elevated burden of CS worldwide, the
adoption of ERAS programs also within the field of
obstetric surgery could significantly improve the qual-
ity and cost of care. Pregnant women undergoing
elective CS must cross many of the same perioperative
steps as patients submitted to other elective surgeries;

however, implementation of ERAS for CS seems to be
unusual as compared to other surgical specialties.

During 2018–2019, the ERAS Society published the
guidelines for perioperative care in CS divided into
three parts: antenatal and preoperative [17], intraoper-
ative [18], and postoperative [19]care. In 2019, the
Society for Obstetric Anesthesia and Perinatology
(SOAP) provided a consensus document regarding
Enhanced Recovery after Cesarean (ERAC) [29]. All
these recommendations agree that oral or mechanical
bowel preparation should not be used before CS, as
the only two trials available in the obstetrics field
failed to demonstrate any benefit. Nonetheless, there
are neither data nor specific indications on the alter-
native use of preoperative diets aiming to reduce the
risk of infection and adverse postoperative outcomes,
although it is a simple, safe, and noninvasive interven-
tion. Compared to mechanical bowel preparation, nor-
mocaloric low-fiber diet has demonstrated to be
equally effective and better tolerated by patients in
several settings, including colorectal and gynecologic
surgery [9,10]. A large number of nutrition care inter-
ventions aimed at improving postoperative morbidity
are a result of practice-based knowledge handed
down by experienced mentors rather than evidence-
based evidence.

Our study is the first attempt to investigate, in a
randomized controlled design, the use of a preopera-
tive low-fiber diet in pregnant women undergoing
elective CS. The idea of a study comparing preopera-
tive free and low-residue diets arose from the belief
that several perioperative outcomes, such as pain,

Table 4. Intraoperative variables, complications, and quality
of the surgical field.

Variable
Low-residue
diet (n¼ 83)

Free diet
(n¼ 83) p Value

Hemoglobin (g/dL)a

Preoperative 11.7 ± 1.4 12.9 ± 1.1 NS
Postoperative 10.8 ± 1.2 12.8 ± 1.5 NS

Operation duration (minutes)a 58.8 ± 23.8 62.7 ± 30.5 NS
Intraoperative complications 2 (2.4%) 3 (3.6%) NS
Quality of the surgical field
Small intestine
Score <3 4 (4.8%) 16 (19.3%) <.001
Score �3 80 (96.4%) 67 (80.7%)

Large intestine
Score <3 3 (3.6%) 15 (18.1%) <.001
Score �3 81 (97.6%) 68 (81.9%)

aData are expressed as mean ± standard deviation (SD).
NS: not significant; SD: standard deviation.

Table 5. Postoperative variables and complications.

Variable
Low-residue diet

(n¼ 83)
Free diet
(n¼ 83) p Value

Postoperative complications
Anemia 4 (4.8%) 6 (7.22%) NS
Fever/Infection 3 (3.6%) 3 (3.6%) NS
TEV 0 1 (1.2%) NS

Postoperative ileus (hours) .02
Within 24 h 67 (80.7%) 53 (63.85%)
Over 24 h 17 (20.5%) 30 (36.14%)

VAS at 12 ha 3.35 ± 1.74 4.06 ± 1.81 .01
VAS at 24 ha 3.96 ± 1.72 4.34 ± 1.83 NS
VAS at 48 ha 3.84 ± 1.66 4.02 ± 1.90 NS
Nausea at 24 h 80 (96.4%) 82 (98.8%) NS
0–2 4 (4.8%) 1 (1.2%)
3–5

Vomit at 24 h 83 (100%) 82 (98.8%) NS
0–2 0 1 (1.2%)
3–5

Days of hospital staya 3 ± 1 3 ± 1 NS
Analgesic request 63 (75.9%) 70 (84.3%) NS

aData are expressed as mean ± standard deviation (SD).
NS: not significant; SD: standard deviation; VTE: venous thromboembol-
ism; VAS: visual analog scale.
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nausea/vomiting, postoperative ileus, and quality of
the surgical field might be improved with a very min-
imal intervention. Our findings are encouraging, since
either the quality of the surgical field and postopera-
tive ileus and pain were significantly better in women
subjected to preoperative low-fiber diet. In particular,
post-CS pain poses a burden on women in the post-
partum period as it may interfere with maternal–fetal
bonding and impair maternal recovery [13]. As moth-
ers may be concerned for the underlying side effects
of using analgesic agents during breastfeeding, an
alternative approach to reduce pain after CS would be
preferable [30]. In this scenario, a simple and safe
intervention such as low-residue diet has the potential
to enhance the quality of CS and improve both mater-
nal and neonatal outcomes.

The main strength of our study was the prospect-
ive, randomized study design. The structure of our
intervention, however, was not without limitations and
the generalizability of our study may be limited as it
was performed at a single center. Our findings are
consistent with ERAS implementation in nonobstetric
populations and represent an opportunity to improve
the preoperative nutrition care within ERAS programs
for CS.

5. Conclusions

This prospective randomized clinical trial adds to the
paucity of literature on ERAS for obstetric patients and
suggests the potential benefits of preoperative low-
residue diet on improving postoperative ileus after CS
and maternal outcomes. Low-residue diet started
three days before elective CS was associated with
reduced postoperative ileus and pain when compared
with free diet. Reducing the duration of postoperative
ileus may not only improve patient comfort and recov-
ery, but also facilitate maternal–neonatal bonding and
reduce the cost of patient care. These results are
encouraging but further large-scale, multicenter stud-
ies are required before being able to translate them
into routine obstetrical practice.
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