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Summary
Background Recent studies support the use of me-
chanical bowel preparation and/or oral antibiotic pro-
phylaxis in patients operated on for Crohn’s disease
(CD); however, data are scarce, especially for laparo-
scopic surgery. Therefore, this study was carried out to
investigate the effect of laparoscopic surgery on com-
plication rates in patients not undergoing standard-
ized bowel preparation but single shot antibiotics.
Methods In this study 255 consecutive patients who
underwent a laparoscopic intestinal resection for CD
at a tertiary referral center between 1997 and 2014
were retrospectively analyzed. Superficial surgical site
infections (SSI), organ/space infections and ileus were
recorded and grouped according to the type of resec-
tion (colorectal vs. small intestine± ileocecal).
Results The baseline characteristics of the groups were
comparable. Colorectal resections showed a signifi-
cantly increased risk of organ/space infection (4.6%
in small intestine± ileocecal vs. 14.3% in colorectal
resections p= 0.039). The superficial SSI rate was low
in both groups (1.8% in small intestine± ileocecal
resection vs. 0% in colorectal resections, p= 1.000).
Univariate binary logistic regression analysis revealed
a statistically significant influence of duration of
surgery (p= 0.001) and type of resection (p=0.031) on
organ/space infection. In multivariate analysis, only
duration of surgery (OR 1.111, 95% CI 1.026–1.203
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for every 10min, p=0.009) remained significant for
postoperative organ/space infections.
Conclusions Single-shot antibiotic therapy without
bowel preparation is safe in patients undergoing min-
imally invasive surgery and was associated with a low
number of complications; however, organ/space in-
fections were more common if colorectal resections
were performed. Therefore, combined bowel prepa-
ration might be beneficial when the (sigmoid) colon
or rectum are involved.
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Abbreviations
BMI Body mass index
CI Confidence interval
CRP C-reactive protein
CT Computed tomography
IBD Inflammatory bowel disease
ICR Ileocecal resection
IQR Interquartile range
MBP Mechanical bowel preparation
OR Odds ratio
SSI Surgical site infection
WBC White blood cell count

Introduction

There is an ongoing debate among colorectal surgeons
about the use of bowel preparation and oral adminis-
tration of non-absorbable antimicrobial agents prior
to surgery, despite clear recommendations by recent
guidelines [1]. Although investigators in the past did
not find any beneficial effects [2], recent evidence
from large studies has shown that combined bowel
preparation can significantly reduce surgical site in-
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fections (SSI) and anastomotic leak in elective (open)
colorectal resections [3, 4]. In contrast, other random-
ized controlled studies have even suggested negative
effects of bowel preparation with increased morbid-
ity and electrolyte changes [5, 6]. Notably, there is
less evidence for bowel preparation in inflammatory
bowel disease (IBD), especially for Crohn’s disease
(CD). As patients with CD are often malnourished
and commonly present with intraoperative abscesses,
strictures, fistulas and perforations at the time of
surgery, SSI commonly occur postoperatively [7, 8].
Moreover, the majority of patients suffer from diar-
rhea and significant stenosis at the time of presenta-
tion [9], thus mechanical bowel preparation may be
contraindicated. These assumptions are in line with
a large recently published study that did not find any
additional benefit in mechanical preparation com-
pared to antibiotic prophylaxis alone the day before
colorectal surgery [10]. Although evidence is scarce,
a recent randomized controlled trial found that com-
bined use significantly reduced SSI in open surgery
for CD [11]. Due to the special nature of CD and risk
of aspiration, in the author’s center bowel preparation
is not carried out before surgery for CD. In addition,
laparoscopy is conducted whenever possible and has
proven to be safe, even in penetrating CD [12]. This
potentially leads to a significantly reduced rate of SSI
irrespective of additional bowel preparation. Nev-
ertheless, the affected area (namely small vs. large
intestine) rather than the type of disease might be of
importance regarding SSI and organ space infections.
Due to the lack of data the present study was con-
ducted to assess the safety of no bowel preparation
on the outcome of laparoscopic surgery in CD and
identify potential subgroups that might benefit from
combined bowel preparation in the future.

Material and methods

Setting and participants

This study was designed as a retrospective cohort
study. Consecutive patients (n= 255) who underwent
intestinal resection for CD by a single colorectal surgi-
cal team at a tertiary referral center between 1997 and
2014 were included. The surgical technique, in par-
ticular the laparoscopic approach, has already been
described in detail [13].

Single shot antibiotic therapy

Single shot antibiotic therapy (consisting of cefurox-
ime and metronidazole) is administered 30min be-
fore skin incision. In the case of allergies, individual
adaptation of the antibiotic regimen is performed. In
the case of kidney impairment, the dose is adapted
as given by the manufacturer’s enclosed instructions.
In cases of intraoperatively identified intra-abdominal
abscesses, antibiotic therapy is prolonged to postop-

erative day 5 and is adapted when the antibiogram is
available.

Variables

Baseline characteristics such as age, body mass index
(BMI), sex, smoking status at the time of surgery,
the use of immunosuppressive medication within
1 week prior to surgery and the number of previ-
ous abdominal operations were recorded. To assess
the perioperative outcome, intra-abdominal findings
(e.g. stenosis, abscess, conglomerate tumor, fistula),
urgency of surgery (emergency vs. elective), opera-
tive time, complications (Clavien-Dindo classification
[14]) and length of hospital stay (days) were analyzed.
When conversion was necessary, the patient was still
analyzed as laparoscopic surgery (intention to treat).
Conversion was defined as the incision length ex-
ceeding 6 cm. The SSIs were defined in accordance
with the Center for Disease Control definition [15].
In brief, an infection was defined when any of the
following occurred: purulent discharge from the in-
cision of the placed drainage into the organ/space,
detection of organisms by culturing fluid/tissue from
the incision or organ space/drainage, clinical signs
of infection of an open wound and detection of an
abscess or other evidence of infection in the incision/
organ space, including computed tomography (CT)
scans. None of the included patients had received
mechanical or oral antibiotic bowel preparation. Fol-
low-up was performed in the outpatient clinic and
SSI and complications were assessed within a 30-day
period following surgery. All variables were collected
during routine clinical work. Data were recorded
prospectively but retrospectively analyzed.

Ethical considerations

The retrospective study was approved by the Medical
University of Vienna review board (EK 1837/2017;
available at https://ekmeduniwien.at/core/catalog/
2017/). The study was conducted in accordance with
the STROBE guidelines [16].

Statistical analysis

Continuous variables are presented as median (in-
terquartile range). As normal distribution could not
be assumed after Kolmogorov Smirnov testing, the
Mann Whitney U-test was used to compare between
groups in continuous variables. For categorical vari-
ables, 2-sided Fisher’s exact test was used to compare
groups. For univariate and multivariate analysis of
superficial surgical site infection, organ/space infec-
tion, ileus or leak, a binary logistic regression analy-
sis of variance was calculated. P-values <0.25 in the
univariate analysis were used for multivariate analy-
sis. The SPSS version 24 (IBM, Armonk, NY, USA) was
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Table 1 Baseline characteristics of Crohn’s disease patients according to each group (small intestine and/or ICR vs. colon
and/or rectal resections)

Small intestinal resections and/or ICR
(n= 220)

Colon or rectal resection (n= 35) p-value

Age (years) 32.0 (15.8) 32.5 (24.3) 0.402

Female gender (%) 98 (38.4) 17 (48.6) 0.716

BMI (kg/m2) 21.4 (4.7) 21.4 (5.7) 0.921

Active smoker (%) 105 (47.7) 17 (48.6) 1.000

Hemoglobin (g/dL) 12.5 (2) 12.0 (3) 0.277

WBC (G/L) 7.6 (4.3) 10.4 (7.6) 0.011

CRP (mg/dL) 1.38 (4) 1.99 (6) 0.275

Albumin (mg/dL) 38.5 (7.3) 36.0 (7.7) 0.075

Perioperative immunosuppressive medication (%) 64 (29.1) 16 (45.7) 0.049

Prior abdominal operations

None (%) 173 (78.6) 34 (97.1) 0.067

1 (%) 31 (14.1) 0 (0)

2 (%) 12 (5.5) 1 (2.9)

≥3 (%) 4 (1.8) 0 (0)

Continuous variables given as median and interquartile range (IQR)
BMI body mass index, CRP C-reactive protein; ICR ileocecal resection, WBC white blood cell count

used for statistical analysis. A p-value of p< 0.05 was
considered to denote statistical significance.

Results

Baseline characteristics are shown in Table 1. Baseline
characteristics of patients undergoing small intestinal
resections and/or ileocecal resection (ICR) were com-
parable to patients undergoing colonic and/or rec-
tal resections. Importantly, however, patients with
colonic and/or rectal resections had a higher white
blood cell count (WBC) (7.6G/L, IQR 4.3 vs. 10.4G/L,
IQR 7.6, p= 0.011) although undergoing surgery while
on active immunosuppression more often (29.1% vs.
45.7%, respectively, p=0.049).

Intraoperative findings and postoperative outcome

Regarding the complexity of surgery and CD activ-
ity, no differences were observed between the two
groups. The most commonly observed pathology
was stenosis (79.1% vs. 82.9%, p= 0.821 in the small
intestines and/or ICR vs. colon and/or rectal resec-
tions), followed by fistulas (49.1% vs. 57.1%, p= 0.467).
All operations were intended as laparoscopic resec-
tions; however, conversion rates were 15.5% and
22.9% (p=0.324), respectively. The operation time
had a tendency towards longer duration in colon
and/or rectal resections (p=0.068) but differences did
not reach statistical significance. The median length
of in-hospital stay was comparable between groups
(8 (IQR 3) vs. 9 (IQR 6) days, p= 0.158). Superficial
surgical site infections were an absolute rarity. Never-
theless, organ/space infections were more common
in the colon or rectal resection group (4.6% vs. 14.3%;

p= 0.039), while ileus rates were comparable (5.9% vs.
8.6%; p= 0.467).

The findings are presented in Table 2.

Univariate and multivariate analysis on organ space
infections

To assess the influence of operative time, sex, active
immunosuppression, intraoperative findings, BMI,
type of resection and laboratory values as well as
number of prior surgeries and conversion, a univari-
ate binary logistic regression analysis was conducted.
Interestingly, the duration of surgery, active immuno-
suppression, type of resection and conversion showed
either a significant influence or a trend towards an
increased risk for organ space infections and were
therefore selected for multivariate analysis. In multi-
variate analysis, only duration of surgery (OR 1.111,
95% CI 1.026–1.203 for every 10min, p=0.009) showed
a statistically significant influence on postoperative
organ space infection. Colon and/or rectal resections
(p= 0.101) as well as necessary conversion (p= 0.145)
showed a trend towards increased risk of organ space
infection.

Results are presented as Table 3.

Discussion

In the present study a low number of complications
could clearly be demonstrated in patients operated on
laparoscopically for symptomatic CD without using
preoperative mechanical bowel preparation but single
shot antibiotics only. As a consequence, bowel prepa-
ration before surgery is not essential for an uncom-
plicated postoperative course in this specific group of
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Table 2 Procedural characteristics and postoperative outcome of Crohn’s disease patients according to each group (small
intestine and/or ICR vs colon and/or rectal resections)

Small intestinal resections and/or ICR
(n= 220)

Colon or rectal resection
(n= 35)

p-value

Intraoperative findings

Stenosis (%) 174 (79.1) 29 (82.9) 0.821

Abscess (%) 44 (20.0) 4 (11.4) 0.350

Conglomerate tumor (%) 91 (41.4) 15 (42.9) 0.856

Fistula (%) 108 (49.1) 20 (57.1) 0.467

Conversion (%) 34 (15.5) 8 (22.9) 0.324

Emergency operation (%) 8 (3.6) 3 (8.6) 0.180

Operative time (min) 135 (75) 162 (116) 0.068

Length of hospital stay (days) 8 (3) 9 (6) 0.158

Superficial SSI (%) 4 (1.8) 0 (0) 1.000

Organ/space infection (%) 10 (4.6) 5 (14.3) 0.039

Ileus (%) 13 (5.9) 3 (8.6) 0.467

Continuous variables given as median (IQR)
ICR ileocecal resection, SSI surgical site infection

Table 3 Univariate and multivariate binary logistic regression analysis of variance on occurrence of organ space infection

Univariate analysis Multivariate analysis

– OR 95%CI p value OR 95%CI p value

Lower Upper Lower Upper

Duration of surgery (for every 10min) 1.132 1.050 1.20 0.001 1.111 1.026 1.203 0.009

Sex (male vs. female) 0.591 0.196 1.781 0.350 – – – –

Immunosuppression at the time of
surgery (vs. no immunosuppression)

0.512 0.179 1.464 0.212 1.709 0.514 5.681 0.382

Stenosis vs. no stenosis 0.688 0.210 2.254 0.536 – – – –

Fistula vs. no fistula 0.802 0.308 2.489 0.802 – – – –

Conglomerate tumor vs. no tumor 0.688 0.228 2.075 0.507 – – – –

BMI (for every kg/m2) 0.997 0.872 1.140 0.965 – – – –

Colon and/or rectal resection vs. small
bowel and/or ICR

3.500 1.120 10.940 0.031 2.882 0.814 10.207 0.101

Albumin pre-OP (for every mg/dL) 1.058 0.945 1.185 0.328 – – – –

WBC pre-OP (every G/L) 0.996 0.854 1.162 0.963 – – – –

Conversion vs. no conversion 2.743 0.887 8.486 0.080 2.506 0.729 8.609 0.145

Re-OP vs. index-OP 1.083 0.293 3.999 0.904 – – – –

BMI body mass index, pre-OP preoperatively, index-OP indexoperation, re-OP reoperation, WBC white blood cell count, ICR ileocecal resection, OR odds ratio,
CI confidence interval

patients, assuming that single shot antibiotics is re-
peated after 120min of operative time.

In the literature there is an increasing body of
evidence that combined bowel preparation is use-
ful in left-sided colon and rectal resection. Nichols
et al. published the effectiveness of additional oral
antibiotics more than 40 years ago [17]; however,
the topic of optimal preparation in (elective) surgery
still remains of interest [3, 18, 19]. In the study by
Ohman et al. an infection prevention bundle consist-
ing of preoperative oral antibiotics, mechanical bowel
preparation and shower with chlorhexidine contain-
ing cleanser and antibiotic irrigation in addition to
a clean closure protocol intraoperatively led to a sig-
nificant reduction of SSI from 21.2% in 2011 to 6.0%
in 2015 [19]; however, the study did not differenti-

ate between laparoscopy and open surgery and type
of procedure. Nevertheless, the anatomical location
of the disease, indications for surgery and potential
confounding factors, such as preoperative stenosis,
need to be taken into account to accurately define
the influence of preparation prior to surgery. Vo et
al. [3] reported a more pronounced decrease of SSI in
left colonic or rectal surgery compared to right-sided
hemicolectomy when patients without preoperative
oral antibiotics were compared to patients with com-
bined preparation. This is in line with the findings of
a large retrospective analysis of the National Surgical
Quality Improvement Program database that revealed
a decreased rate of anastomotic leakage after right
hemicolectomy as well as a reduced rate following
laparoscopic partial colectomy compared to the en-
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tire population analyzed [20]. In another analysis
of the ACS-NSQIP database by Klinger et al. [21],
combined preparation was superior to either me-
chanical or antibiotic preparation alone; however, the
etiology of the underlying disease was not reported.
Notably, the majority of recently published studies
are of a retrospective nature [3, 10, 22] and several
prospective randomized studies have not shown any
beneficial effect [2, 5, 23]. Moreover, patient charac-
teristics and pathophysiology differ in CD compared
to colorectal malignancies. In an ACS-NSQIP study
focusing on IBD, however, a statistically significant
benefit in combined preparation compared to sin-
gle preparation or no preparation was found [24].
Notably, most patients in the study (42.5%) did not
receive any bowel preparation, indicating that there is
no clear consensus on optimal preoperative therapy
in IBD. Moreover, ulcerative colitis as well as CD are
combined and not separately evaluated. Finally, the
authors did not differentiate between laparoscopic
and open approaches. In contrast to their results,
the present analyses on laparoscopically (started or
performed) resections revealed an overall incisional
SSI rate of 1.6% which is lower than reported by
other authors. Therefore, especially in laparoscopic
ileocecal and small intestinal resection, the role of
bowel preparation needs to be evaluated in prospec-
tive, controlled multicenter studies and stratified
for preoperative risk factors. In line with this center’s
standard of avoiding mechanical bowel preparation in
CD patients, a review by Zangenberg et al. evaluated
preoperative optimization strategies and concluded
that “the evidence to support bowel preparation is
not well established” and recommend avoiding bowel
preparation until further data from ongoing studies
are available [25]. In a recently published study by
Iesalnieks et al. [26] on the other hand, mechanical
bowel preparation significantly reduced intra-abdom-
inal septic complications. Importantly, stenosis rates
were lower in their cohort (27% structuring disease)
and only 14% underwent laparoscopic surgery. As
a conclusion, the authors recommend mechanical
bowel preparation (MBP) in (open) colon resections.
As their rate of preoperative oral antibiotics was low,
however, no definitive conclusion on a combined regi-
men can be drawn. This is of interest as oral antibiotic
therapy in addition to MBP has been shown to reduce
the number of incisional SSI in open proctocolectomy
procedures [27], however, the referenced study only
included colitis patients who received additional oral
antibiotics in addition to MBP. In favor of avoiding
bowel preparation and implementing minimally inva-
sive surgery whenever possible, an enhanced recovery
pathway without MBP in laparoscopic CD surgery did
not lead to increased complication rates with shorter
hospital stay in a study by Spinelli et al. [28]. No-
tably, SSI per se were not reported in the study but
Clavien-Dindo grade I–II complications (which in-

cluded opening of a wound at the bedside) were
similar.

In open surgery for CD, MBP with picosulfate
hydrate combined with three doses of kanamycin
and metronidazole the day before surgery and in-
travenous second generation cephalosporins 30min
before surgery with prolonged administration for 24h
was shown to significantly decrease incisional SSI
[11]. Interestingly, the rates of SSI were relatively high
in the cited study and the most commonly performed
procedure was colonic resection in the respective
subgroups, thereby representing significant differ-
ences in the patient population compared to the
present study. Due to the high incidence of stenosis
in the present study and the significant difference in
organ space infections between small bowel/ICR and
colon/rectal resections, oral antibiotics might show
favorable results; however, MBP should be used with
caution, leading to potential aspiration risks. Impor-
tantly, however, few limitations of the present study
need to be addressed. Although a large number of
consecutive patients who were operated on for CD
were included, patients were not randomized, thus
selection bias cannot be ruled out. Due to a clear
and constant perioperative regimen, data are well
comparable between groups and between other study
cohorts; however, it is worth mentioning that patients
undergoing colon/rectal resections were more com-
monly under active immunosuppression with either
corticosteroids or azathioprine and had a higher WBC,
being a potential surrogate parameter for dwelling in-
fections, although the intraoperative rate of detected
abscesses was similar and neither WBC nor immuno-
suppression showed a significant influence on organ
space infections in univariate or multivariate analysis.
Interestingly, however, the type of resection showed
a statistically significant influence in univariate but
not multivariate analysis. These findings underline
the importance of future prospective, well-designed
multicenter studies accounting for center differences
in hygiene standards. Importantly, a control group
with oral antibiotics but without MBP should be
added as diarrhea and stenosis might obviate the
need for active MBP.

In conclusion, laparoscopic surgery for CD is safe
and associated with a low number of complications
without using mechanical and antibiotic bowel prepa-
ration. Bowel preparation may have beneficial effects
in colon resection, which needs to be addressed by
future prospective trials.
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