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Abstract
Background The most common complications after colorectal surgery, postoperative ileus, surgical site infections, and anastomotic
leaks continue to occur despite advances in surgical technique and enhanced recovery pathways. Preclinical studies have documented
that intestinal bacteria play a role in the development of these complication, yet human data is lacking. Here we hypothesized that
patients that develop ileus, surgical site infection, and/or anastomotic leak following colorectal surgery harbor a specific preoperative
gut microbiome.
Methods We performed a prospective cohort study on 101 patients undergoing colon or rectal resection at the Mayo Clinic.
Rectal samples were collected preoperatively and on the ward on postoperative day two. The bacterial community from each
sample was characterized by 16S rRNA and associated with the development of complications.
Results The rectal microbiome collected from patients in the operating room (p = .003) and on postoperative day two (p = .001)
was significantly difference in patients whom later developed postoperative ileus compared with patients that had a normal return
of bowel function. Patients whom developed ileus showed increased abundance of Bacteroides spp., Parabacteroides spp., and
Ruminococcus spp., bacteria that are associated with promoting intestinal inflammation. There were no differences in the
microbiome in patients that developed surgical site infections or anastomotic leaks.
Conclusions In this pilot study, patients that develop postoperative ileus harbor a specific gut microbiome during the perioperative
period. These findings demonstrate that the preoperative bacterial compositionmay predispose patients to the development of ileus and
that perioperative manipulation of the gut bacteria may provide a novel method to promote normal return of bowel function.
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Introduction

Colon or rectal resection with anastomosis continues to have
an overall morbidity rate of nearly 35%.1,2 The most common
complications driving this morbidity are postoperative ileus
(POI), surgical site infection (SSI), and anastomotic leak
(AL). Despite preoperative optimization of comorbidities,
use of minimal invasive surgery, and utilization of enhanced
recovery pathways, these complications continue to cause
hospital readmissions, increased inpatient length of stay, and
$1.5 billion in healthcare costs annually in the USA.3,4

The primary reason that POI, SSI, and AL continue to
cause major postoperative morbidity is because the mecha-
nism by which they develop remains elusive.5 Yet, the explo-
sion of microbiome research over the last decade has clearly
demonstrated that the gut microbiota is critical to maintaining
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normal health and is responsible for an ever expanding list of
processes such as nutrient metabolism, barrier function, and
immune cell modulation.6,7 Building upon this foundation,
there is now emerging preclinical evidence from animal stud-
ies that demonstrate that perturbations of the gut microbiota
promote the development of POI, SSI, and AL.8–12

Furthermore, human-based publications have shown that pre-
operative intestinal decontamination with oral and intravenous
antibiotics significantly reduces the incidence of POI, SSI, and
AL, lending concrete evidence that their pathogenesis is, at
least in part, microbial driven.13,14

While the current strategy of bowel prep is effective in
some, why some patients appear to be immune to the protec-
tive effect of preoperative decontamination remain unknown.
Risk factors common to POI, SSI, and AL (i.e., smoking,
obesity, steroids, previous surgery) have independent effects
on the microbiome, yet, how these variables coalesce to result
in a preoperative microbiota that influences the development
of postoperative complications is essentially unstudied.15–17

Here we hypothesize that patients whom develop POI, SSI,
and AL harbor a specific perioperative microbiome. To inves-
tigate this hypothesis, we performed a pilot study and ana-
lyzed the perioperative composition of the gut-associated mi-
crobiota in patients undergoing colorectal surgery to deter-
mine if a specific bacterial community structure associates
with the development of postoperative complications.

Methods

Study Design and Participants

This prospective cohort study of patients undergoing colon or
rectal resection at the Mayo Clinic Rochester between 3/1/
2017 and 7/31/2017 was approved by the Mayo Clinic
Institutional Review Board. All patients ≥ 18 years of age
undergoing colon or rectal resection by a colorectal surgeon
were eligible for inclusion. Patients with an existing ileostomy
were excluded. To keep rectal swab sampling consistent, pa-
tients whom were given an end ileostomy during the index
surgery were excluded. Patients whom were given an end
colostomy or a diverting loop ileostomy with retention of
the anus/rectum were included. Preoperative bowel prepara-
tion consisted of Golytely and oral neomycin and Flagyl on
the day before surgery. At the time of incision, each patient
was given intravenous cefazolin.

Procedures

Sample Collection Prior to sample collection, all patients
underwent written consent. Rectal samples were collected
from patients intraoperatively (POD0) and on postoperative
day two (POD2). POD0 samples were collected after

induction of anesthesia and prior to any application of antisep-
tics; POD2 samples were collected in the hospital room. Anal
samples were collected in all patients whom had an anus (even
if they had a diverting loop ileostomy) by placing a swab
(Copan FLOQ Swab) just passed the anus and rubbed for
10 s. If the patient had postoperative colostomy, the sample
was taken by inserting the swab 3 cm into the colostomy and
swabbing for 10 s. All samples were immediately snap-frozen
in isopentane and stored at − 80 °C.

Data CollectionAt the time of consent, each patient completed
a questionnaire documenting current and/or previous 90-day
use of steroids, antibiotics, and tobacco. Clinical and 30-day
outcomes data was collected from the electronic medical re-
cord. If they did not follow-up locally, patients were contacted
on postoperative day 30 and using a script, queried on the
development of complications. SSI was defined using the
NSQIP criteria as an infection of the skin with purulent drain-
age, localized edema, erythema, or diagnosis made by the
attending physician. AL was defined by clinical and radio-
graphically evidence of anastomotic leakage. A pelvic fluid
collection was defined as a fluid collection adjacent to a newly
formed anastomosis; because fluid collections adjacent to an
anastomosis likely represent anastomotic leakage, for analysis
purposes, these two entities were combined. POI was defined
by the presence of ≥ 2 of the following over a 24-h period
occurring on or after the fourth postoperative day: ≥ 2 epi-
sodes of vomiting, inability to tolerate diet, absence of flatus,
abdominal distension.18 As per routine, no patient had a na-
sogastric tube placed prophylactically postoperatively.
Placement of a postoperative nasogastric tube for the treat-
ment of POI was determined by the primary surgeon.

DNA Extraction, MiSeq Preparation, and Sequencing To avoid
batch effect, DNA extraction and MiSeq sequencing were
performed for all samples in a single batch. Total DNA was
extracted using the PowerSolid Kit (#12888-100). The V3 to
V4 region of the 16s rRNA gene was amplified by PCR.
Paired R1 and R2 sequence reads were processed via the
hybrid-denovo bioinformatics pipeline, which clustered a
mixture of good quality paired-end and single-end reads into
operational taxonomic units (OTUs) at 97% similarity level.19

OTUs were assigned taxonomy using the RDP classifier
trained on the GreenGenes database (v13.5). A phylogenetic
tree based on FastTree algorithmwas constructed based on the
OTU representative sequences. Singleton OTUs and samples
with > 1000 reads were removed as a quality control (QC)
step.20

Statistical Analysis

This study was designed as a pilot study to associate the peri-
operative microbiome with the development of complications.
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Alpha (within sample) and beta (between sample) diversity
were analyzed. Four alpha diversity measures were calculated
on the rarefied OTU data: observed number of OTUs, Chao1
estimator, Shannon index, and inverse Simpson index (R
“phyloseq” package, v1.19.1).21 Beta diversity reflects the
shared diversity between microbial communities in terms of
ecological distances and quantifies the overall compositional
difference between samples, and different beta diversity mea-
sures provide distinctive views of the community structure.
Three phylogenetic beta diversity measures, unweighted, gen-
eralized, and weighted UniFrac distances, were calculated
using the OTU table and a phylogenetic tree (R “GUniFrac”
package, v1.0). The unweighted UniFrac reflects differences
in community membership, whereas the weighted UniFrac
prioritizes differences in the abundance. Generalized
UniFrac reduces the weight on abundance reveals community
differences in less abundant lineages. The Bray-Curtis dis-
tance, which does not depend on the phylogenetic tree, was
calculated (R package “vegan”, v2.4.3) to capture potential
non-phylogenetically related community changes.
Rarefaction was performed on the OTU table for the diversity
analyses.

A multiple linear regression model was used for testing the
association with alpha diversity. F test/t test was used for
assessing statistical significance. Beta diversity was tested
using PERMANOVA. An omnibus test was used to combine
multiple sources of association provided by different beta di-
versity measures and an overall association p value was pro-
vided (“PermanovaG” in the R “GUniFrac” package v1.0).
Ordination plots were generated using principal coordinate
analysis (“cmdscale” in R) for visualizing the association of
covariates with the beta diversity. Taxa-level association anal-
yses were performed at the phylum, class, order, family, and
genus levels. Taxa with prevalence < 10% or with a maximum
proportion < 0.2% were excluded from testing to reduce mul-
tiple testing burden. The count data was normalized into rela-
tive abundances by dividing by the GMPR size factor.22 A
permutation test (1000 permutations) was used to identify
differentially abundant taxa based on the F-statistic of a linear
regression model with the square-root transformed taxa rela-
tive abundance as the response variable.23 False discovery rate
(Benjamini-Hochberg) was used to correct for multiple testing
on each taxonomic level, and FDR-adjusted p values or q
values < 0.05 were considered significant. All analyses adjust-
ed the Illumina flow-cell ID. All statistical analyses were per-
formed in R 3.3.2.

Results

Demographics and Samples A total of 101 patients undergo-
ing colon or rectal resection at the Mayo Clinic Rochester
between 3/1/2017 and 7/31/2017 were included in the study

(Table 1). The mean age of the cohort was 53.4 years, and
56% of patients were male. The most common surgical indi-
cation was malignancy or an unresectable polyp (n = 52,
51.4%), inflammatory bowel disease (n = 27, 26.7%), diver-
ticular disease (n = 20, 19.8%), and other (n = 2, 1.9%). The
most common operation was segmental resection (n = 45,
45%) followed by proctectomy (n = 36, 35.6%), abdominal
perineal resection (n = 13, 12.8%), total abdominal colectomy
(n = 5, 4.9%), and other (n = 2, 1.9%). Seventy-six percent of
surgeries were performed in a minimally invasive fashion.
Thirty-day follow-up was successful in 95 patients (94%).

A total of 155 microbial samples were collected, passed
quality control, and were analyzed. POD0 samples were col-
lected in all 101 patients, whereas POD2 samples were col-
lected in 54 patients. The most common reason for a missed
POD2 sample was patient refusal or early discharge.

Overall Microbial Composition The mean relative abundance
of the entire cohort is presented in Supplemental Fig. 1.
Analysis of the cohort as whole revealed that on POD2, there
was a significantly increased abundance of the phylum
Bacteroidetes and decreased abundance of phyla
Actinobacteria and Firmicutes compared with samples col-
lected on POD0.

Association of the Compositional Changes of the Microbiota
with Surgical Outcomes By comparing bacterial communities
from patients who developed complications to those that did
not, we next assessed for associations between specific bacte-
rial compositions and surgical outcomes (Table 2). We found
no significant differences in the rectal-associated bacterial
communities recovered on POD0 or POD2 in patients who
developed SSI’s, deep pelvic infections, or anastomotic leaks.
However, we found significant differences in the composition
of the rectal-associated bacterial communities recovered on
both POD0 and on POD2 between those who developed
POI compared with those that did not. Clinically, patients
who developed POI were more likely to be a current or past
smoker and showed a significantly increased length of stay
compared with those patients that did not develop POI
(Table 3). All patients whom were diagnosed with POI had a
nasogastric tube placed for treatment.

Bacterial Changes in Patients Who Developed POI We next
wanted to understand the differences in the bacterial commu-
nities associated with the development of POI. Analysis of the
alpha diversity, representing the number (richness) and distri-
bution (evenness) between taxa within a single population,
trended to be increased in patients who developed POI, but
was only significant in the inverse Simpson index
(Supplemental Fig. 1). Beta diversity analysis was used to
compare the compositional difference between bacterial pop-
ulations associated with patients who developed POI
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compared with those that did not (Figs. 1 and 2). We found
that in all four of the tested beta diversity measures, there were
significant differences in the bacterial community composi-
tion recovered on both POD0 and POD2 in patients that de-
veloped POI compared with those that did not. Strikingly, the
magnitude of increased beta diversity in patients who devel-
oped POI was significantly more profound in the bacterial
communities recovered on POD2 than on POD0. To account
for the potential differences between rectal-associated micro-
biota and ostomy-associated microbiota, this analysis was re-
peated excluding patients who underwent a postoperative di-
version. Similarly, we found a significant difference in the
rectal-associated microbiota in patients with POI
(Supplemental Fig. 2).

The major taxonomic differences accounting for the diver-
sity changes in patients with POI. The rectal-associated mi-
crobiota from POD0 and POD2 in patients that later devel-
oped POI showed increased Proteobacteria and Bacteroidetes
and decreased Actinobacteria and Firmicutes. We found that
at the family and genus level, the most significant changes
where increased abundance of Bacteroides spp . ,
Parabacteroides spp., and Ruminococcus spp., (Table 4).

Drivers of the Bacterial Compositional Changes Associated
with Postoperative Ileus To understand which preoperative
factors contribute to the development of the communities as-
sociated with POI, we investigated what preoperative vari-
ables significantly altered the microbiome on samples recov-
ered from the rectum on POD0. This analysis was performed
by comparing the bacterial communities in patients with that
variable compared with those that did not have that variable.
We found that patients > 65 years of age, surgical indication of
ulcerative colitis or malignancy, previous intestinal surgery,
current steroid use, and preoperative chemotherapy/radiation
were associated with significant alterations in the microbiota
compared with patients that did not undergo those interven-
tions (PERMANOVA, p < 0.01; Supplemental Table 1). On
post hoc analysis, the variables that were significantly associ-
ated with alterations of the microbiome on POD0 were not
significantly associated with the development of POI, con-
cluding that the ileus-microbiota association was likely not
driven by these confounding variables.

Discussion

The human microbiome is a vast ecosystem encompassing
100 trillion bacterial cells and 20 million unique microbial
genes that colonize the human.24 While the role of the human

Table 2 Association between bacterial composition and clinical
outcomes

POD 0 POD 2

Reoperation 0.406 (0.731) 0.787 (0.996)

30-day readmission 0.946 (0.946) 0.996 (0.996)

Any complication 0.498 (0.747) 0.377 (0.566)

SSSI 0.900 (0.946) 0.902 (0.996)

DSSI 0.294 (0.662) 0.062 (0.279)

Anastomotic leak 0.607 (0.780) 0.282 (0.508)

Postoperative ileus 0.003 (0.028)* 0.001 (0.004)*

POD, postoperative day; SSSI, superficial surgical site infection; DSSI,
deep surgical site infection. Values represent PERMANOVA omnibus
test p value (FDR-adjusted p value correcting for multiple testing in the
parentheses)

*p < .05

Table 1 Patient characteristics

Characteristic Total cohort (n = 101)

Male, N (%) 57 (56.4)

Age, year (SD) 53.4 (14.6)

BMI (SD) 28.2 (6.3)

ASA class (%)

1 12 (11.8)

2 64 (63.3)

3 25 (24.8)

MIS (%) 76 (75.2)

Benign (%) 62 (61.3)

Steroids

Last 90 days 19 (18.8)

Currently 14 (13.9)

Antibiotics

Last 90 days 28 (27.7)

Currently 11 (10.8)

Smoking

Last 90 days 13 (12.9)

Currently 9 (8.9)

Bowel prep 83 (82.2)

Preoperative chemo/radiation 21 (20.7)

Postoperative diversion 38 (37.6)

Ileostomy 20 (19.8)

Colostomy 18 (17.9)

Complications

Any 32 (31.6)

Readmission 18 (17.8)

Reoperation 9 (8.9)

Superficial SSI 7 (6.9)

Deep infection/ anastomotic leak 15 (14.9)

Postoperative ileus 14 (13.9)

SD, standard deviation;BMI, bodymass index;ASA, American Society of
Anesthesiologists Score; MIS, minimally invasive surgery (robotic/
laparoscopic)
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microbiome on the pathogenesis of diseases such as inflam-
matory bowel disease, obesity, and malignancy has matured
over the last decade, our understanding on how microbiota
alterations cause complications following colorectal surgery
is in its infancy. Given the now, well-known role of microor-
ganisms in maintaining gut homeostasis, it is logical to hy-
pothesize that preoperative dysbiosis predisposes to postoper-
ative complications. The primary aim of this study was to
determine if patients whom develop postoperative complica-
tions harbor a common and specific microbiome. Our results
show that the rectal-associated microbiota recovered on both
POD0 and POD2 was significantly different in patients that
subsequently developed POI compared with those that did
not. For the first time, we show that in patients undergoing
colorectal surgery, perturbations of the gut microbiome may
predispose them towards a postoperative delay in return of
bowel function.

POI affects 10–25% of patients undergoing colorectal sur-
gery and is the leading cause of readmissions.25–29 The imple-
mentation of enhanced recovery protocols (ERP) has been
effective in promoting quicker return of bowel function and
reducing length of stay.30 However, due to the development of
POI, up to 50% of patients continue to have hospital stays that
are longer than 5 days even using ERP and/or minimally in-
vasive surgery.31 Based on the existing literature and known
risk factors for the development of POI, it remains very diffi-
cult to predict which patient will quickly recover bowel mo-
tility versus those whom will have an extended hospital stay
because of intolerance to diet.

The results of our current study suggest that certain bacte-
rial populations may drive the development of POI in patients
undergoing colorectal surgery. While POI has traditionally
been framed as a consequence of excessive inflammation
due to tissue trauma inherent during any intestinal operation,

Table 3 Characteristics of patients whom developed postoperative ileus

Ileus (n = 14) No ileus (n = 87) p value

Male, % 50 58 0.576

Age, year (SD) 53.3 (15.8) 53.9 (14.5) 0.887

BMI (SD) 25.83 (6.9) 28.5 (6.1) 0.134

ASA class (%)

1 1 (7.1) 10 (11.5)

2 8 (57.1) 50 (57.4)

3 5 (35.7) 30 (34.4)

MIS, n (%) 10 (71.4) 68 (78.1) 0.581

Benign, n (%) 8 (57.1) 54 (62.1) 0.723

Steroids, n (%)

Last 90 days 1 (7.1) 18 (20.7) 0.229

Currently 1 (7.1) 18 (20.7) 0.435

Antibiotics, n (%)

Last 90 days 3 (21.4) 25 (28.7) 0.573

Currently 3 (21.4) 8 (9.2) 0.176

Smoking, n (%)

Last 90 days 6 (42.8) 7 (8) < 0.001*

Currently 5 (35.7) 4 (4.6) < 0.001*

Bowel prep, n (%) 11 (78.6) 72 (82.7) 0.712

Preoperative, n (%) chemo/radiation 5 (35.7) 16 (18.4) 0.141

Case length, min (SD) 258 (122) 234 (105) 0.439

Procedure, n (%)

Segmental 7 (50) 41 (47.1) 0.472

Proctectomy 5 (35.7) 31 (35.6)

APR 1 (7.1) 10 (11.5)

TAC 1 (7.1) 5 (5.7)

Postoperative diversion, n (%) 4 (28.9) 34 (39.1) 0.467

Length of stay, days (SD) 9.3 (3.0) 5 (4.1) 0.002*

SD, standard deviation; BMI, body mass index; ASA, American Society of Anesthesiologists Score; MIS, minimally invasive surgery (robotic/laparo-
scopic); APR, abdominal perineal resection; TAC, total abdominal colectomy

*p < 0.05
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recent animal studies have provided compelling evidence that
the gut microbiome is the initiating trigger for this inflamma-
tory cascade.32–35 Alterations of the colon microbiome with
antimicrobials in a murine model significantly influenced gut
motility. Further, POI was prevented in mice lacking toll-like

reports (the key component of microbial sensing), strongly
suggesting a microbial-centered process.36

Which precise taxa influence this inflammatory cascade
resulting in POI remains unknown. We demonstrated that
the patients whom developed POI had a significant increase
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Fig. 1 Patients whom develop postoperative ileus have a different rectal-
associated bacterial composition on POD0 and POD2. Principal
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associated bacterial communities showing that the bacterial composition
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patients whom developed POI to those that had normal return of bowel
function (POD, postoperative day; POI, postoperative ileus, p < .05
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in taxa associated with inflammation. For instance, enhanced
abundance of Bacteroidetes Odoribacteraceae has been shown
in a murine model of colitis and in human acute appendicitis
samples, increased colonization of Bacteroidetes
Rikenellaceae is associated with increasing systemic lupus
erythematosus severity and with inflammatory colorectal can-
cer, and Ruminococcus spp. have been associated with in-
flamed mucosa in human patents.37–41 Conversely, reduced
amounts of Actinobacteria and Bifidobactor spp., as seen in
our patients whom developed POI, was associated with worse
inflammation in a model of pancreatitis and ulceration in a
model of peptic ulcer disease.42–44 Finally, the observation
of a 30-fold enhanced proliferation of the genus Bacteroides
in POI patients, particularly on POD2, is intriguing. Via in-
duction of the anti-inflammatory cytokine IL-10, Bacteroides
has consistently been shown to proliferate to limit intestinal
inflammation.45–47 Therefore, the enhancement of
Bacteroides on POD2 in patients with POI may represent a
compensatory mechanism to limit intestinal inflammation.
Taken together, our data suggest that a bacterial community
structure enriched with taxa associated with intestinal inflam-
mation and devoid of anti-inflammatory taxa may drive POI.

The potential that a microbial signature exists for the de-
velopment of POI carries important clinical implications.
Over the last decade, the cost of 16S rRNA microbiome anal-
ysis has considerably decreased and certain centers have suc-
cessfully used it in patient management.48 Along with clinical
data, microbiome analysis was used to generate a predictive
model of individualized glycemic response to food.49 It is
therefore imaginable that patients could be preoperatively
screened to determine if they harbor the “ileus-associated
microbiome” and consequently at high risk of developing a
POI. Similarly, because the community structure on POD2
demonstrated a greater degree of dysbiosis, it is conceivable
that microbiome analysis could be used in deciding discharge
criteria. Rather than just a predictive tool, equally intriguing is
the potential to introduce clinical interventions, such as an

individualized bowel prep or fecal transplant, to promote col-
onization of the intestinal bacteria towards a gut motility
phenotype.

In this study, we relied upon rectal swabs as a proxy for the
composition of the intestinal microbiome. This method has
now been well validated and analysis of the microbial profiles
from a rectal swab is reproducibly similar to expelled
stool.50,51 Yet, how well-expelled stool represents the entirety
of the gut microbiome is largely unknown. Clearly, there are
differences in the bacterial composition in the colon versus the
small intestine, and even within the geography of the colon.52

Similarly, luminal contents (i.e., stool) and mucosal samples
can have widely different microbiomes.53 Thus, because POI
is largely thought of as a disease of the small intestine, it
remains unclear as to how a microbial signature recovered
from the distal GI tract predicts small bowel paralysis.
Similar to other inflammatory biomarkers that have been as-
sociatedwith POI, we hypothesize that the microbial signature
in the dis ta l rectum represents global intest inal
inflammation.54 While it is technically challenging to acquire
proximal samples from human patients, further work needs to
be performed to determine if the bacterial composition from
the proximal GI tract (small bowel, stomach, oropharynx) are
different in patients with POI and validate our results.

In our cohort, we did not find any association of the micro-
biota with the development of AL or SSI. Animal models have
implicated specific organisms in driving AL.8,55 van Praagh
et al. analyzed the microbiota associated with the “donuts” in
patients undergoing a stapled anastomosis and found that pa-
tients with AL had a microbiome that was less diverse and
enriched with Lactonospiraceae and Bacteroidaceae com-
pared with those that did not leak.56 While we did not observe
a similar pattern in our study, methodological differences like-
ly account for the divergent results. van Praagh analyzed the
bacterial composition at the site of the anastomosis, while we
recovered rectal-associated bacteria even in patients with the
right-sided colon resections. This suggests that the bacterial

Table 4 Major abundance changes (fold change) at the family and genus level in patients whom developed POI

POD 0 POD 2

Abundance change q value Abundance change q value

Bacteroidetes

Rikenellaceae 1.94 0.010 10.68 0.012

Odoribacteraceae 3.13 0.005 25.98 0.035

Bacteroides 5.78 0.001 30.51 0.027

Parabacteroides 2.87 0.029 8.35 0.003

Firmicutes

Ruminococcus 3.59 0.029 9.25 0.033

POD, postoperative day
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composition localized to the healing anastomotic tissue is a
better predictor of AL than the bacteria in expelled stool.
Conversely, because POI affects the entire length of the GI
tract, the rectal-associated microbiota may better represent en-
tire gut composition.

There are several limitations to our study. Importantly, this
was designed as a pilot study to screen patients for an associ-
ation of certain bacterial communities with the development
of complications. Because of the pilot study design, our pa-
tient population was purposely heterogeneous and included
patients with various indications, approaches, and comorbid-
ities. Because we observed that other demographic variables
(i.e., age, steroid use) were associated with certain bacterial
communities our study does not indicate causality. Our limited
sample size may have resulted in statistical error and thus not
demonstrating that these perioperative variables influence the
microbiome in POI patients. We are currently recruiting pa-
tients such that we reach appropriate statistical power based
upon a simulated Bray-Curtis and Euclidean power analysis
using date from this preliminary study.

We strategically designed this study to collect samples on
POD2 to assess the progression of the microbiome postoper-
atively. While this will be an important aspect of follow-up
studies, we encountered limitations with postoperative sam-
pling. First, a fraction of patients had a postoperative diverting
loop ileostomy at their index operation. While sampling in
these patients occurred intra-anally to compare with the intra-
operative anal swab, diversion of the fecal stream can influ-
ence the distal microbiome. For instance, it has been shown
that the microbiome in the diverted segment has less diversity
and reduced abundance of Clostridia and Streptococcus, com-
pared with segments that are not diverted.57 Because exclu-
sion of these patients did not have an effect on the overall
analysis, we hypothesize that because the swabs were taken
early in their postoperative course (POD2), these microbial
differences were not yet apparent.

Second, POD2 samples were collected in 54% of the entire
cohort. The taxa differences found on POD0 in patients whom
developed POI were amplified on POD2. While this could be
due to enrichment of the population with patients whom de-
veloped POI, within the boundaries of this limitation, our
analysis of collected POD2 samples is intriguing. Whether
the dramatic differences observed on POD2 in patients with
POI are causative or consequence will need further study.

In conclusion, we have demonstrated that patients un-
dergoing colorectal resection whom develop a POI harbor
a specific rectal-associated bacterial composition in the
operating room and on POD2, compared with patients
with a normal return of bowel function. This observation
provides a framework to better predict those patients at
risk of a delay in bowel function and develop novel strat-
egies to manipulate the microbiome in favor of a motility
promoting microbiota.

Conclusions

In this pilot study, patients that developed postoperative ileus
harbored a specific gut microbiome during the perioperative
period. These findings demonstrate that the preoperative bac-
terial composition may predispose patients to the development
of ileus and that perioperative manipulation of the gut bacteria
may provide a novel method to promote normal return of
bowel function.
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