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ABSTRACT

Background: Colorectal surgery still experiences high rates of infectious complications, such as anasto-
motic leakage (AL) and surgical site infections (SSIs). Therefore, oral antibiotic bowel decontamination
(OABD) has experienced a renaissance. However, data on perioperative selective digestive tract deconta-
mination (SDD)-based regimens or combined bowel preparation are inconsistent. Nonetheless, with
widespread use of Enhanced Recovery After Surgery concepts, the ideal length for perioperative SDD
treatment has to be reconsidered.
Methods: Perioperative outcome was analyzed in a cohort of patients undergoing minimally invasive
surgery for left-sided colorectal cancer in a retrospective study. Additional to usual perioperative outcome
measures, including AL, SSIs, and overall infectious complications, the efficacy of a shortened 3-day peri-
operative OABD treatment was compared with the efficacy of a 7-day perioperative OABD treatment based
on a noninferiority analysis.
Results: Overall, 256 patients were included into analysis, of whom 84 and 172 patients were treated by 3-
day and 7-day perioperative OABD regimens, respectively. AL occurred in 1.2% of patients in the 3-day group
and 5.2% of patients in the 7-day group, and SSIs occurred in 3.6% of patients in the 3-day group and 5.8% of
patients in the 7-day group, without significant difference. The shortened 3-day perioperative SDD-based
regimen was noninferior to the regular 7-day perioperative SDD-based regimen concerning the rates of AL,
SSIs, and infectious complications.
Conclusion: Our data demonstrated noninferiority of a shortened 3-day SDD-based treatment vs a 7-day
SDD-based treatment for AL, SSIs, and overall infectious complications.
© 2024 The Author(s). Published by Elsevier Inc. on behalf of Society for Surgery of the Alimentary Tract.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

Introduction infectious complications, notably anastomotic leakage (AL) and
surgical site infections (SSIs) [1-4]. In particular, AL is known to
Despite advancements in minimally invasive surgical techniques, adversely affect long-term oncologic outcomes after colorectal

along with the implementation of “Enhanced Recovery After cancer surgery [5,6].

Surgery” (ERAS) principles, colorectal surgery still faces high rates of
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Over recent decades, the influence of the microbiota on the de-
velopment of SSI and AL has been proven and even unraveled at the
molecular level [7-10]. Concurrently, the practice of combined
bowel preparation with oral antibiotics or selective digestive tract
decontamination (SDD)-based perioperative oral antibiotic bowel
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decontamination (OABD) has seen a resurgence. Several registry
data, single-center analyses, certain high-quality randomized con-
trolled trials (RCTs), and meta-analyses have shown a positive effect
of combined bowel preparation and OABD regimens on periopera-
tive outcomes in colorectal surgery [11-17]. However, the data are
not uniformly consistent. There is a wide range of different antibiotic
regimens and pre- and perioperative concepts for use [11,13,16-20].
Although the use of SDD-based regimes is more widespread in
Europe, other preoperative combined bowel preparation concepts
are more common in the United States [13,18-22]. The preoperative
administration of glycoside antibiotics (such as neomycin and ka-
namycin) and/or metronidazole as part of combined bowel pre-
paration has been found to be less effective than perioperative SDD-
based regimens [13,18-22]. Although Abis et al. [11] could only re-
port a significant reduction in SSI and not AL in the SELECT trial, Roos
et al. [23] and Schardey et al. [ 16] reported significant reductions in
SSI and AL using a perioperative SDD-based regimen for OABD. Re-
cently, Koskenvuo et al. [17] were able to demonstrate a similar ef-
fect using a preoperative combined bowel preparation regimen
using neomycin and metronidazole.

These SDD-based regimens, which involve combinations of orally
nonabsorbable antibiotics covering all relevant gram-negative and
gram-positive bacteria, have been proven effective not only in col-
orectal surgery but also in gastrointestinal (GI) surgery [11,16,23].
These SDD treatments were initially used in intensive care units
(ICUs) to reduce the rate of ventilator-associated lung infections
[24,25]. Later, they were adopted in GI surgery for the prevention of
bacteria-caused perioperative infectious complications, such as AL
and SSIs [11,16,23]. However, all concepts using oral antibiotics for
the prevention of perioperative infectious complications have a ne-
gative effect on the gut microbiome and gut microbial diversity [7,8].
Recent microbiome data from Alverdy et al. [7] revealed a decline in
gut microbiome diversity because of prolonged perioperative anti-
biotic therapy. Furthermore, after surgery and antibiotic use, the
healthy gut microbiome requires time to recover [7]. During this
vulnerable period, it is susceptible to suppression by a detrimental
“pathobiome,” increasing the risk of other infectious complica-
tions [7,8].

To prevent infectious complications in colorectal surgery, the
SDD-based typically regimen begins preoperatively and continues
until the seventh postoperative day (POD) [16,26]. However, patients
undergoing colorectal surgical procedures using minimally invasive
techniques and following ERAS regimens are often discharged well
before this 7-day mark.

Considering these factors, the SDD regimen described above was
shortened to 3 PODs. However, the effectiveness of this shortened
regimen in preventing SSI and AL compared with the established and
scientifically evaluated 7-day postoperative protocol remains un-
certain. Our study aimed to analyze the effectiveness of the shor-
tened 3 PODs vs 7 PODs perioperative SDD-based regimen in
preventing AL and other infectious complications.

Materials and methods
Study population

We conducted an analysis of a cohort of patients undergoing
minimally invasive surgery for left-sided colorectal cancer to com-
pare the effects between a 3 PODs vs a 7 PODs perioperative SDD-
based regimen for OABD using a noninferiority analysis. The study
included patients from 2 regional hospitals who underwent SDD-
based antibiotic bowel decontamination. We analyzed data from 118
patients at Agatharied Hospital (AH) and data from 138 patients at
Neumarkt Hospital (NH). For the patients at NH in which data were
collected prospectively, informed consent was obtained from all
participants. The study protocol received approval from the local
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review board (the ethics committee of the Faculty of Medicine,
Ludwig Maximilian University of Munich) and adhered to the
guidelines of good clinical practice following the Declaration of
Helsinki.

Perioperative management

An SDD-based regimen, composed of polymyxin B (100 mg),
gentamicin (80 mg), vancomycin (125 mg), and amphotericin B
(500 mg), hereafter referred to as OABD, was used as previously
described [16,26]. The OABD medication was administered 4 times
daily, starting in the evening before surgery, and was typically given
in capsule form orally (Fig. 1). In cases of rectal cancer surgery in-
volving the creation of a diverting loop ostomy, after anastomosis, a
Foley catheter was inserted transanally. Through this catheter, the
OABD medication, dissolved in distilled water, was applied topically,
as described previously [16]. At both centers, OABD was started the
day before surgery and continued until the seventh POD. All patients
underwent surgery between 2003 and 2022. NH later changed the
OABD regimen for shortened use only for the first 3 days post-
operatively in May 2019, and all subsequently operated patients
received the shortened 3-day regimen. The adherence to the OABD
regimen was monitored in all patients. In addition to OABD, all pa-
tients undergoing rectal cancer surgery received mechanical bowel
preparation, whereas patients undergoing other left-sided colorectal
surgery received a mild laxative bowel preparation. Systemic single-
shot antibiotic prophylaxis, usually cefuroxime and metronidazole,
was administered before surgery according to the guidelines and
recommendations [27,28]. The general recommendations and
guidelines for preventing SSIs were followed [27-29]. The most
important aspect in the prevention of SSIs is avoiding preoperative
skin injuries because of, for example, shaving, adequate preoperative
skin disinfection with an alcohol-based disinfectant, change of sur-
gical gloves and instruments before abdominal wall closure, use of
ringed wound protectors, and preoperative single-shot intravenous
antibiotic prophylaxis [29]. All patients who received perioperative
OABD and who started the OABD regimen on the day before surgery
were included in the analysis (on-treatment protocol), regardless of
whether perioperative OABD therapy was stopped earlier in the
postoperative course than intended.

Minimally invasive rectal cancer surgical procedures were per-
formed according to the latest technical standards, usually lapar-
oscopically, including total mesorectal excision technique for all low
anterior rectal resections. In patients with sigmoid cancer, oncologic
resections were performed with complete mesocolic excision and
central ligation of the inferior mesenteric artery. Circular double-row
staplers (Ethicon Circular Stapler; Ethicon Endo-Surgery, Johnson &
Johnson) of various sizes were used to create anastomoses in a double-
stapling technique. Intraoperative leak testing using Patent Blue solu-
tion (Guerbet GmbH, Sulzbach, Germany) was routinely performed in
all surgical procedures. As all operations were elective procedures, the
surgical field can be considered clean contaminated.

Outcome measures

Patient demographic information, including age and sex; the
American Society of Anesthesiologists (ASA) score; the Charlson
Comorbidity Index [30]; specific diagnoses; TNM staging; and Union
Internationale Contre le Cancer (UICC) classification for colorectal
cancer, were recorded. In addition, perioperative details, such as type
of procedure and conversion to open surgery, were documented. All
perioperative complications within 30 days, including overall in-
fectious complications (such as AL, SSI according to the Centers for
Disease Control and Prevention definition [27], urinary tract infection,
or pulmonary infection), general complications (such as cardiovas-
cular complications), and mortality, were monitored. Despite SSI and
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n=138 patients

Agatharied Hospital
2001-2020

Neumarkt Hospital
2017-2022

bowel preparation + SDD starting 1 day preOP

v

surgery

7 days SDD postOP (n=118)

7 days (n=54) or

3 days (n=84) SDD postOP

v v

n=172 SDD7d
SDD (every 6 hrs):
- polymyxin 100mg vancomycin 125mg
- gentamycin 80mg amphotericin B 500mg

Figure 1. Flowchart for study design and SDD treatment. SDD, selective digestive tract decontamination.

AL, surgical complications, which occurred in single cases (in-
traoperative complications, such as ureter or urinary bladder injury,
early incisional hernias, and bleeding complications), are summarized
as “other surgical complications.” All complications were classified
according to the Clavien-Dindo classification [31], and in addition, the
Comprehensive Complication Index was calculated [32]. Laboratory
values, including white blood cell (WBC) count and C-reactive protein
(CRP) levels, were monitored perioperatively. The complete admin-
istration of OABD medication was evaluated along with any reasons
for discontinuing the medication. All potential adverse events asso-
ciated with OABD treatment were recorded. Furthermore, all available
microbiologic reports were checked for infections caused by Clos-
tridium difficile or multiresistant bacteria. AL was defined and classi-
fied according to the International Study Group of Rectal Cancer as a
defect of the intestinal wall at the anastomotic site requiring no
change in patient management (grade A), needing therapeutic inter-
vention but no revision surgery (grade B), or requiring revision sur-
gery (grade C) [33]. AL was typically diagnosed using computed
tomography scans, endoscopy, or revision surgery. However, because
of missing routine anastomotic evaluation, only clinically apparent AL
could be detected.

The primary endpoint of the study was the noninferiority of the
shortened 3 PODs OABD perioperative regimen compared with the 7
PODs OABD regimen regarding AL. The secondary endpoints in-
cluded the noninferiority of the 3-day OABD regimen for SSIs and
overall infectious complications.

Statistical analysis

Statistical analysis was performed using SPSS (version 29; IBM)
and GraphPad Prism (version 7; GraphPad Software Inc). Patient
characteristics and perioperative data were summarized using ade-
quate measures of location and dispersion. The Mann-Whitney U test
(MW) for nonnormally distributed values and the Student t test (t) for
normally distributed values were used for exploratory comparisons
between groups. The normal distribution of mean differences was
tested using the Kolmogorov-Smirnov test. The Fisher exact test and
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y2 test were used to compare data between subgroups based on
nominal or categorical data. Laboratory values of WBC count and CRP
were compared between the 3-day SDD and 7-day SDD groups and
between groups with and without complications. Receiver operating
characteristic (ROC) curve analysis was used to investigate whether a
renewed increase in CRP or WBC count could discriminate between
cases with/without AL and cases with/without overall infectious
complications. The area under the curve (AUC) was calculated to as-
sess the discriminatory ability of the ROC curve analysis. A P value of
<.05 was defined to indicate statistical significance.

To evaluate the effectiveness of the 3 PODs vs 7 PODs OABD re-
gimen (3-day SDD vs 7-day SDD groups) in terms of AL prevention,
we assessed the noninferiority based on the risk difference (RD). The
RD was calculated as the difference in AL rates between the 3-day
SDD and 7-day SDD groups: RD = ps4spp — P74spp- The null hypoth-
esis was that the 3-day OABD regimen is inferior to the 7-day OABD
regimen (RD > A). Noninferiority for the 3-day OABD regimen re-
quired an RD less than a prespecified noninferiority margin (RD < A).
Noninferiority was regarded as established if the predefined non-
inferiority margin A was greater than the upper limit of the 2-sided
95% CI of the RD [34,35].

Based on our previous findings and existing literature, we pre-
defined the noninferiority margin to A = 2.5% RD for AL. This decision
is based on the understanding that a rate of approximately
5.0% + 2.5% for AL is considered an acceptable outcome in left-sided
colorectal resections, in line with the data currently available
[5,11-13,16,17,21-23]. The noninferiority margin for SSIs and general
infectious complications was predefined to A =5.0% (5.0% + 5.0%) for
the RD based on similar considerations and currently available data
[5,11-13,16,17,21-23].

Results
Patient characteristics

A total of 256 left-sided minimally invasive colorectal surgical
procedure were included in this study, 84 using a 3 PODs OABD
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Table 1
Patients characteristics.
Characteristic Groups All cases P values
(N=256)
3-d SDD 7-d SDD
(n=84) (n=172)
Age (y), mean + SD 616 +11.5 667 +10.2 650+ 109  .001*°
Sex Female 29 (34.5%) 78 (45.3%) 107 (41.8%)  .099°
Male 55 (65.5%) 94 (54.7%) 149 (58.2%)
ASA score 1 (15.5%) 16 (9.3%) 29 (11.3%) 458°¢
2 39 (46 4%) 84 (48.8%) 123 (48.1%)
3 2 (38.1%) 71 (41.3%) 103 (40.2%)
4 (OA) 1 (0.6%) 1 (0.4%)
5 0 (0%) 0 (0%) 0 (0%)
Charlson Comorbidity 4.7 + 2.0 49 + 1.8 48 + 19 .102°
Index
UICCstage 0 2 (2 4%) 5 (2.9%) 7 (2.7%) .599¢
I 7 (32.1%) 60 (34.9%) 87 (34.0%)
Il (16 7%) 40 (23.3%) 54 (21.1%)
m 7(321%) 42 (244%) 69 (27.0%)
\% (16 7%) 25 (14.5%) 39 (15.2%)

ASA, American Society of Anesthesiologists; SDD, selective digestive tract deconta-
mination; UICC, Union Internationale Contre le Cancer.
2 Mann-Whitney U test.
b Statistically significant difference.
¥ test.

regimen (3-day SDD) and 172 using a 7 PODs OABD regimen (7-day
SDD). The patient characteristics are summarized in Table 1. The 2
groups were quite homogeneous regarding the following con-
founders: ASA score (y32: P=.458), Charlson Comorbidity Index (MW:
P=.102), UICC stage (y*: P=.599), and sex (x*: P=.099) (Table 1).
Only for age, there was a significant difference between the 2 groups,
with older patients included in the 7-day SDD group (MW: P=.001).

Perioperative data

The perioperative data are presented in Table 2. There was no
significant difference in the distribution between rectal cancer sur-
gery and left-sided colorectal cancer surgery (x*: P=.110) between
the 2 groups, but the rate of ostomies was significantly higher in the
3-day SDD group (x*: P=.002). OABD treatment was mostly com-
plete in both groups (x*: P=.098) and was terminated prematurely
in only a few cases with nausea (n=8) or prolonged postoperative
ileus (n=7). Only 1 case of C difficile infection occurred in the 7-day
SDD group in a patient who otherwise had an unremarkable course
and was treated with oral metronidazole therapy (x*: P=.484). There
were no infections or infectious complications caused by multi-
resistant bacteria. The rate of patients being treated in an ICU or
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intermediate care unit after surgery was not different between the
groups (y%: P=.069).

Perioperative outcome measures

The perioperative outcome is summarized in Table 3. There was no
significant difference between the 3-day SDD and 7-day SDD groups
regarding overall complication rate (y*: P=.334), rate of overall in-
fectious complications (y%: P=.204), SSI (x*: P=.279), AL (¥*: P=.117),
or other surgical complications (y* P=.961). In addition, for other
general complications, such as urinary tract infections (y*: P=.484),
pneumonia (¥%: P=.391), myocardial infarction (3*: P=.737), or stroke
(no cases in both groups), there was no significant difference between
the 2 groups. The distribution of complications was distributed equally
between the groups according to the Clavien-Dindo classification (3%
P=.665) and the Comprehensive Complication Index (MW: P=.637).
There was no significant difference between the groups concerning the
rates of postoperative interventions (y% P=.771) and revision surgical
procedures (y*: P=.204). Overall, 30-day mortality was comparable
between groups (%: P=.985). Mortality was not associated with severe
surgical complications, such as AL, but was associated with cardio-
vascular events. Of note, 1 patient died of myocardial infarction, and
another patient died of consecutive pneumonia after myocardial in-
farction. Moreover, 1 patient died of a fulminant pulmonary embolism.

Noninferiority analysis of the main perioperative outcome measures

The 3 PODs perioperative OABD treatment was found to be
noninferior compared with the 7 PODs OABD treatment in terms of
AL (upper limit of the 95% CI for RD, 0.003; Aa; = 2.5%), SSI (upper
limit of the 95% CI for RD, 0.031; Ass; = 5.0%), and infectious com-
plications (upper limit of the 95% CI for RD, 0.018; A =5.0%).

Comparisons between groups

Data comparing rectal resections with other left-sided resections
are presented in Table 4. Comparing rectal resections with other left-
sided resections, there is no significant difference between groups
for age (MW: P=.894), sex (y*: P=.526), ASA score (y*: P=.479),
Charlson Comorbidity Index (MW: P=.296), and UICC stages (x*
P=.572). Many more diverting ostomies have been created in rectal
resections than in left-sided colonic resections (3: P < .001). Overall
complication rates (y*: P=.099), SSI rates (x*: P=.776), AL rates (y*:
P=.197), overall infectious complication rates (y*: P=.641), and
mortality rates (x%: P=.081) were similar between groups. The
complications according to the Clavien-Dindo classification were
distributed without significant difference (y%: P=.144). There was no
significant difference in the rates of reintervention (y*: P=.099) or

Table 2
Perioperative data.
Variable Groups All included cases (N =256) P values
3-d SDD (n=84) 7-d SDD (n=172)
Surgery Sigmoid resection/left hemicolectomy 6 (42.9%) 92 (53.5%) 128 (50.0%) 1107
Rectal resection 48 (57.1%) 80 (46.5%) 128 (50.0%)
MIS 82 (97.6%) 164 (95.3%) 246 (96.1%) 3797
Conversion to open surgery 2 (2.4%) 8 (4.7%) 10 (3.9%)
Diverting ostomy 44 (52.4%) 55 (32.0%) 99 (38.7%) .002
Complete OABD treatment 82 (97.6%) 159 (92.4%) 241 (94.1%) .098°
Postoperative inhospital stay (d), mean + SD 9.2 + 47 113 £ 8.0 10.6 £ 7.1 .012¢
ICU/IMC stay 75 (89.3%) 138 (80.2%) 213 (83.2%) .069°
ICU/IMC duration (d), mean * SD 1.0 + 0.6 17 £22 1.5+18 .002°¢

ICU, intensive care unit; IMC, intermediate care unit; MIS, minimally invasive surgery; OABD, oral antibiotic bowel decontamination; SDD, selective digestive tract decontami-

nation.
2 52 test.
b Statistically significant difference.
¢ Mann-Whitney U test.
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revision surgery (x*: P=.352). Only postoperative inhospital stay was
significantly shorter in left-sided colonic resections than in rectal
resections (MW: P < .001).

Comparison of laboratory values

Between the 2 groups, 3-day SDD and 7-day SDD, WBC count,
and CRP levels were not significantly different (MW: P > .05) in the
postoperative course, except for CRP level on the first POD, which
was significantly lower in the 3-day SDD group (Fig. 2A and
Supplementary Table 1). Comparing rectal resections with left-sided
colonic resections, WBC count and CRP levels showed no significant
differences (MW: P > .05), except for WBC count on POD4 (MW:
P=.014) and CRP level on POD1 (MW: P=.002) (Fig. 2B and
Supplementary Table 1).

In cases with AL vs cases without AL, WBC count showed no
significant differences between preoperative values and POD1 to
POD7 values (MW: P > .05), whereas CRP levels showed significant
differences between preoperative values and POD2 to POD7 values
(MW: P < .05) (Fig. 2C and Supplementary Table 2). In cases with
infectious complications vs cases without overall infectious com-
plications, the WBC count was significantly different on POD2 (MW:
P=.024). CRP levels were significantly higher in cases with infectious
complications preoperatively and between POD1 and POD7 (MW:
P < .05) (Fig. 2C and Supplementary Table 2). The mean duration to
occurrence of AL was 6.5 * 3.3 days.

Furthermore, we used ROC curve analysis to investigate whether
a renewed increase in CRP level or WBC count could indicate the
occurrence of AL or overall infectious complications. For AL, the
AUCs were 0.52 for WBC count and 0.77 for CRP level increase after
the fifth POD (Fig. 3A). Regarding overall infectious complications,
the AUCs were 0.61 for WBC count and 0.80 for CRP level increase
after the fifth POD (Fig. 3B).

Journal of Gastrointestinal Surgery 28 (2024) 1665-1673

Discussion

We present the first analysis comparing a 7 PODs perioperative
OABD regimen with a shortened 3 PODs perioperative OABD re-
gimen based on a noninferiority approach in minimally invasive
colorectal cancer surgery. In both groups, perioperative bowel de-
contamination seemed to have an overall beneficial effect on peri-
operative outcome, especially AL, SSIs, and overall infectious
complications [5,11,13,16,23,36].

The distributions of surgical procedures for left-sided colon
cancer and rectal cancer were similar between the groups, with no
significant higher number of rectal resections in the 3-day SDD
group and a significant higher rate of protective ostomies. In addi-
tion, the significant higher rate of protective stomas may have in-
fluenced the lower rate of AL in the 3-day SDD group. In contrast, the
groups were quite homogeneous regarding the Charlson
Comorbidity Index, ASA score, and UICC stages. The overall compli-
cation rate was similar between the groups, as was the rate of SSIs,
AL, pneumonia, and overall infectious complications. Mortality rates
were quite low in both groups, with all cases of 30-day mortality
occurring in left-sided colonic resections but none in the rectal re-
section subgroup. Mortality was not associated with severe surgical
morbidity and AL; however, mortality was associated with cardio-
vascular events.

Overall, perioperative SDD-based bowel decontamination was
well tolerated and completed in most of the cases. It is noteworthy
that, despite the difference in postoperative length of OABD treat-
ment, the OABD regimen was completed in both groups in most of
the patients without significant differences between groups.
Infectious complications with rates between 14% and 20% have been
described in previous RCTs in the SDD treatment group [11,16,23] or
in other retrospective or registry studies [6,14,15,18,19,36]. Recently
published data demonstrate persistently high rates of SSI (3%-20%)
and AL (4%-6%) in colorectal surgery using a perioperative SDD-

Table 3
Perioperative outcome.
Variable Groups All cases (N=256) P values
3-d SDD (n=84) 7-d SDD (n=172)
All complications 17 (20.2%) 44 (25.6%) 61 (23.8%) .334°
Overall infectious complications 4 (4.8%) 16 (9.3%) 20 (7.8%) 204
Surgical site infections 3(3.6%) 10 (5.8%) 13 (5.1%) 2797
Superficial 3(3.6%) 5(2.9%) 8 (3.1%)
Deep 0 (0%) 0 (0%) 0 (0%)
Organ space 0 (0%) 5 (2.9%) 5 (2.0%)
Anastomotic leakage 1(1.2%) 9 (5.2%) 10 (3.9%) 117°
A 0 (0%) 1 (0.6%) 1 (0.4%)
B 0 (0%) 1 (0.6%) 1(0.4%)
C 1(1.2%) 7 (4.1%) 8 (3.1%)
Other surgical complications 6 (71%) 12 (7.0%) 18 (7.0%) .961°
Urinary tract infections 0 (0%) 1 (0.6%) 1 (0.4%) 484
Pneumonia 1(1.2%) 5 (2.9%) 6 (2.3%) .391°
Myocardial infarction 1(1.2%) 3 (1.7%) 4 (1.6%) 737°
Stroke 0 (0%) 0 (0%) 0 (0%) N/A
Other nonsurgical complications 8 (9.5%) 14 (8.1%) 22 (8.6%) 7117
Mortality (30 d) 1(1.2%) 2 (1.2%) 3(1.2%) .985°
Clavien-Dindo class I 5 (6.0%) 12 (7.0%) 17 (6.6%) .665°
1l 3 (3.6%) 4(2.3%) 7 (2.7%)
Illa 4 (4.8%) 6 (3.5%) 10 (3.9%)
1lIb 4 (4.8%) 13 (7.6%) 17 (6.6%)
IVa 1(1.2%) 3(1.7%) 4 (1.6%)
Vb 0 (0%) 0 (0%) 0 (0%)
\Y 1(1.2%) 2 (1.2%) 3(1.2%)
Comprehensive Complication Index 58 +14.7 6.9 + 159 6.5 + 15.5 637"
Reintervention 4 (4.8%) 10 (5.8%) 14 (5.5%) 771°
Revision surgery 4 (4.8%) 16 (9.3%) 20 (7.8%) 204

N/A, not available; SDD, selective digestive tract decontamination.
a 2
x° test.
> Mann-Whitney U test.
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Table 4
Perioperative data and outcome for rectal resections vs left-sided colonic resections.
Variable Rectal resections (n=128) Left-sided colonic resections (n=128) All cases (N=256) P values
Age (y), mean * SD 64.4 + 10.8 65.6 £ 11.0 65.0 £ 10.9 .894°
Sex Female 51 (39.8%) 56 (43.8%) 107 (41.8%) 526"
male 77 (60.2%) 72 (56.2%) 149 (58.2%)
ASA score 1 15 (11.7%) 14 (10.9%) 29 (11.3%) 479"
2 66 (51.6%) 57 (44.5%) 123 (48.1%)
3 47 (36.7%) 56 (43.8%) 103 (40.2%)
4 0 (0%) 1(0.8%) 1(0.4%)
5 0 (0%) 0 (0%) 0 (0%)
Charlson Comorbidity Index 4.74 + 1.70 4.96 + 2.00 4.80 £+ 1.90 .296°
Diverting ostomy 91 (71.1%) 8 (6.3%) 99 (38.7%) < .001"
UICC stage 0 2 (1.6%) 5 (3.9%) 7 (2.7%) 572"
[ 47 (36.7%) 40 (31.3%) 87 (34.0%)
1 29 (22.7%) 25 (19.5%) 54 (21.1%)
1 33 (25.8%) 36 (28.1%) 69 (27.0%)
v 17 (13.3%) 22 (17.2%) 39 (15.2%)
All complications 36 (28.1%) 25 (19.5%) 61 (23.8%) .099°
Overall infectious complications 11 (8.6%) 9 (7.0%) 20 (7.8%) 641"
Surgical site infections Superficial 7 (5.5%) 1 (0.8%) 8 (3.1%) 776"
Deep 0 (0%) 0 (0%) 0 (0%)
Organ space 0 (0%) 5(3.9%) 5 (2.0%)
Anastomotic leakage 7 (5.5%) 3(2.3%) 10 (3.9%) 197°
Postoperative inhospital stay (d), mean + SD 116 £ 7.5 9.6 t 6.7 106 + 7.1 <.001%b¢
Mortality (30 d) 0 (0%) 3(2.3%) 3 (1.2%) 081"
Clavien-Dindo class I 11 (8.6%) 6 (4.7%) 17 (6.6%) 144"
Il 4 (3.1%) 3(2.3%) 7 (2.7%)
JIE 6 (4.7%) 4(3.1%) 10 (3.9%)
1lIb 9 (7.0%) 8 (6.3%) 17 (6.6%)
IVa 4(3.1%) 0 (0%) 4 (1.6%)
Vb 0 (0%) 0 (0%) 0 (0%)
\ 0 (0%) 3(2.3%) 3 (1.2%)
Comprehensive Complication Index 6.8 + 13.2 6.3 + 17.6 6.5+ 155 1727
Reintervention 10 (7.8%) 4(3.1%) 14 (5.5%) .099”
Revision surgery 8 (6.3%) 12 (9.4%) 20 (7.8%) 352"

ASA, American Society of Anesthesiologists; UICC, Union Internationale Contre le Cancer.

2 Mann-Whitney U test.
b 42 test.
¢ Statistically significant difference.

based treatment or combined bowel preparation regimens
[6,11,13,16-18,23,36]. The same clinical trials reported complication
rates of 10% to 20% for SSI and 10% to 15% for AL in colorectal surgery
without the use of pre- or perioperative oral antibiotics
[11,14,17,18,23,26]. Therefore, our previous and current presented
data are consistent with other registry-based data on rectal cancer
surgery [6,11,14-16,23,26]. As we now report on left-sided colorectal
cancer surgical procedures, the rates of AL are lower in left-sided
colorectal cancer surgical procedures than in rectal cancer surgical
procedures [6,11,16,23,26]. The overall positive effect of periopera-
tive SDD-based treatment in colorectal surgery and in GI surgery has
been demonstrated by several studies [11,16,18,23,26,36].

However, the question of whether a 3 PODs perioperative OABD
treatment is sufficient to prevent all kinds of infectious complica-
tions cannot be answered, as the mere absence of a significant dif-
ference does not mean that the perioperative outcome is the same in
both groups. Therefore, we performed a noninferiority analysis for
the main outcome measures of AL, SSI, and infectious complications
based on the relative difference and Wald method [34,35]. Apart
from the data from Bogner et al. [36] reporting a favorable outcome
in colorectal surgery using a similar 3 PODs SDD-based regimen
compared with a historic control group, no data are available on this
shortened OABD regimen or a comparison with a regular 7 PODs
perioperative OABD regimen [16,26]. In our study, we can prove
noninferiority of the 3-day perioperative OABD regimen over the 7
PODs perioperative OABD regimen concerning AL, SSIs, and overall
infectious complications for the first time.

The actual available data on this topic are inconsistent in terms of
the duration of perioperative OABD or combined bowel preparation
only, the type of GI and colorectal surgical procedures, and the
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regimen of oral antibiotic drugs [11-13,16-19,22,23,26,36,37]. The
use of a perioperative SDD-based regimen was highly effective in
reducing SSI, AL, and other infectious complications compared with
other concepts using combined bowel preparation with other anti-
biotic regimens [11-13,16,22,23,36,37]. Despite additional costs of
the SDD medication, previous analyses have shown the cost-effec-
tiveness of perioperative SDD-based treatment by reducing the
duration of inhospital stay, days in the ICU, and the number of sur-
gical or interventional procedures [16,36]. An increase in perio-
perative morbidity not only can be unpleasant for our patients and
expensive for the healthcare system but also can have a negative
effect on the oncologic outcome [4,38,39]. Therefore, strategies to
prevent these complications are urgently needed, and the various
concepts of combined bowel preparation are becoming increasingly
established in colorectal surgery.

Conversely, the use of additional oral antibiotics should be ap-
proached with caution, particularly in an era marked by increasing
instances of multidrug-resistant bacteria [40]. However, current data
suggest that the regular use of topical antibiotics, such as the SDD
regimen in ICUs, primarily reduces colonization by certain bacteria,
such as enterococci, and is safe concerning the increasing microbial
resistance to antibiotics [24,25]. In our experience with the use of
OABD regimens, we did not detect any adverse reactions to the
medication or an increase in the incidence of multidrug-resistant
bacterial infections [6,16,26,41]. The growing knowledge of gut mi-
crobiome dysbiosis related to colorectal surgery and the use of an-
tibiotics might be advantageous for an individualized approach to
the prevention of infectious perioperative complications [7,8].
Therefore, more data on perioperative microbiome signatures are
necessary to stratify patients according to intrinsic microbiome-
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Figure 2. Comparison of laboratory values (WBC count and CRP levels) between 3-day SDD and 7-day SDD groups (A). for cases with left-sided colon resection vs rectal resections
(B), and for cases with/without anastomotic leakage and with/without overall infectious complications (C). CRP, C-reactive protein; SDD, selective digestive tract decontamination;
WBC, white blood cell.

based risk of surgical complications. This approach might enable the approach might have led to the underreporting of minor complica-
customization of antibiotic treatments to meet the specific needs of tions, such as superficial SSIs, which could occur after discharge
individual patients, but the effects of SDD-based treatment and without requiring a hospital return. Because of the retrospective

surgical intervention on changes in the gut microbiome and its re- nature of this study, no prospective 30-day follow-up data of the
constitution remain to be clarified in further prospective studies. patients are available. However, for serious complications and sig-
This study has certain limitations, notably because of the retro- nificant morbidity, this retrospective bias is likely to be negligible, as

spective characteristics of the included 7-day SDD group. This these usually occur during hospitalization or lead to readmission for
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Figure 3. ROC curve analysis for renewed increase in CRP or WBC count after the fifth postoperative day for AL (A) and overall infectious complications (B). AL, anastomotic
leakage; CRP, C-reactive protein; ROC, receiver operating characteristic; WBC, white blood cell.
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treatment. Only left-sided resections for colorectal cancer were
considered, as perioperative OABD treatment is not performed for
other colorectal cancer surgical procedures in AH because of the
much lower risk of AL and other infectious complications
[5,11,13,23,36]. Overall, our results are consistent with those of other
published data on colorectal cancer surgery [11-13,15,16,18,36]. The
7-day SDD group data span 2 decades, which may affect the accuracy
of certain elements, such as the average hospital stay. The 3-day SDD
group underwent surgery more recently, so other confounding fac-
tors might have affected the rates of AL, SSIs, and other perioperative
complications. The groups had homogeneous comorbidities (ASA
score and Charlson Comorbidity Index) and UICC stages. In contrast
to most of the other available prospective data or data from RCTs, we
also included patients with UICC stage IV in our analysis (15% in both
groups) [5,11,13,16,23]. Overall, perioperative data are comparable
between both OABD treatment groups, and prospective data com-
paring a shortened perioperative SDD treatment with a control are
not available. Nevertheless, a potential bias because of intersite
variation, which may affect the perioperative outcome parameters,
could not be excluded. Despite these limitations, our study effec-
tively reflects the realities of surgical practice and standard care in
surgery for colorectal cancer.

Conclusion

According to the presented results, OABD is an effective and safe
tool for the prevention of AL, SSI, and other infectious complications
in left-sided colorectal surgery, even when used in a shortened 3
PODs perioperative regimen. In recent years, combined bowel pre-
paration and OABD concepts have been increasingly used, as these
have proven to be very effective in various RCTs and registry studies
on the prevention of SSI, AL, and other infectious complications.

For the first time, we could prove noninferiority concerning AL,
SSIs, and overall infectious complications for a 3 PODs perioperative
OABD regimen compared with the established 7 PODs perioperative
OABD regimen. More data from prospective and preferably rando-
mized clinical trials are needed to provide even better evidence for a
shortened 3 PODs perioperative OABD treatment in colorectal cancer
surgery, as all these complications may affect the quality of life and
oncologic outcome of our patients.
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