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Abstract

Background: Prolonged postoperative ileus delays recovery after colorectal surgery. Gut microbiota disruption,
systemic inflammation, and renal impairment may interact in its development. This study evaluated their association
with prolonged ileus.

Methods: This prospective observational study included 140 adults undergoing colorectal surgery from January to
October 2025 at Muhammad Teaching Hospital and Lady Reading Hospital-Medical Teaching Institution, Peshawar,
Pakistan. Preoperative stool microbiota were assessed using 16S ribosomal RNA sequencing. C-reactive protein,
interleukin-6, neutrophil-to-lymphocyte ratio, serum creatinine, estimated glomerular filtration rate, and postoperative
acute kidney injury were evaluated. Prolonged ileus was defined using standardized clinical and radiological criteria.
Multivariable logistic regression identified independent factors.

Results: Prolonged ileus developed in 36 patients (25.7%). Affected patients had lower Shannon diversity, greater
Enterobacteriaceae abundance, reduced Faecalibacterium abundance, higher inflammatory markers, and lower
preoperative estimated glomerular filtration rate. Microbiota dysbiosis (adjusted odds ratio 3.42; 95% confidence
interval 1.38-8.47), interleukin-6 per 10-pg/mL increase (1.16; 1.06—1.27), estimated glomerular filtration rate below
60 mL/min/1.73 m? (2.71; 1.01-7.28), and opioid exposure per 10-mg morphine equivalent (1.23; 1.02—1.49) were
independently associated with prolonged ileus. Affected patients also had more acute kidney injury and longer
hospitalization.

Conclusion: Gut dysbiosis, inflammatory activation, renal impairment, and opioid exposure independently identified
patients at increased risk of prolonged ileus. Integrated perioperative assessment may improve risk stratification
following colorectal surgery.
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dysfunction.
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Introduction

Postoperative ileus is a frequent complication of
colorectal surgery and is characterized by delayed
restoration of coordinated gastrointestinal motility
after an operation'. Although transient impairment of
bowel function is expected following major abdominal
surgery, prolonged postoperative ileus results in
persistent abdominal distension, nausea or vomiting,
intolerance of oral intake, delayed passage of flatus or
stool, and radiological evidence of bowel dilatation in
the absence of mechanical obstruction. It can prolong
hospitalization, increase healthcare costs, delay
recovery, and contribute to additional complications
such as aspiration, infection, venous
thromboembolism, and unplanned readmission?.

Postoperative ileus is a multifactorial disease. Surgical
manipulation results in activation of resident intestinal
macrophages and triggers local inflammatory response
characterised by recruitment of neutrophils, release of
cytokines, neural inhibition and disruption of smooth-
muscle contractility®. Other causes of delayed
gastrointestinal motility can include opioid exposure,
fluid and electrolyte disturbances, bowel preparation,
anesthetic medications, tissue trauma, and delayed
mobilization. But there is considerable postoperative
bowel recovery variability even for patients following
a standardised enhanced-recovery pathway, indicating
that there are other biological determinants?.

The intestinal microbiota controls the function and
maturation of intestinal mucosa and intestinal barrier,
production of microbial metabolites, and intestinal
neuromuscular function®. Factors such as colorectal
disease, mechanical bowel preparation, peri-operative
antibiotics, food restriction and surgical stress can
significantly modify composition of the micro biome.
Loss of beneficial bacteria that produce short-chain
fatty acids and proliferation of potentially pathogenic
bacteria can lead to an increased intestinal
permeability and translocation of microbial products.
This dysbiotic environment could exacerbate systemic
inflammation and worsen the coordinated recovery of
intestinal motility. However, the clinical evidence
linking the perioperative dysbiosis with Postoperative
Ileus is still sparse, especially in South Asian surgical
cohort”$,

A systemic inflammatory response could be an
important mechanism by which dysbiosis leads to poor
bowel recovery. C-reactive protein, interleukin-6,
leucocyte count and neutrophil-to-lymphocyte ratio
show the level of inflammation after surgery’. The
excessive cytokine activity can be responsible for the
persistence of muscularis inflammation, the disruption
of the enteric nervous system signalling and the
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decrease in smooth-muscle contractility. Comparing
microbiota ~ composition  with  inflammatory
biomarkers might therefore be useful to identify
patients with an exaggerated inflammatory reaction
and who are more prone to prolonged ileus'’.

Postoperative gastrointestinal recovery can be also
affected by the renal dysfunction via fluid overload,
electrolyte abnormality, metabolic disturbance,
uraemic toxins, endothelial dysfunction and systemic
inflammation!!. Existing decrease in eGFR and
postoperative acute kidney injury might exacerbate
gut oedema and derail gut-kidney axis. On the other
hand, the damage to the intestinal barrier function and
the inflammatory mediators produced by the
microbiota can lead to renal damage. However, the
relationship between renal dysfunction and microbiota
dysbiosis and systemic inflammation is not well
explored in patients undergoing colorectal surgery!?.

Thus, the aim of this prospective observational study
was to assess the correlation between gut microbiota
dysbiosis, perioperative systemic inflammatory
response and renal dysfunction and prolonged
postoperative ileus after colorectal surgery. Secondary
endpoints included renal outcomes after surgery,
length of stay, time to gastrointestinal recovery and
inflammatory biomarkers and microbial diversity in
both PPOI and non-PPOI patients. Hypothyesis:
Lower microbial diversity, decreased densities of
beneficial bacteria, increased systemic inflammatory
response and diminished renal function were each
suspected of being independent risk factors for
prolonged postoperative ileus'>',

Materials and Methods
Study setting and type of study

This prospective observational study was conducted
from January to October 2025 in the Department of
General Surgery, Muhammad Teaching Hospital,
Peshawar, Pakistan, in collaboration with the
Department of Nephrology, Lady Reading Hospital—
Medical Teaching Institution, Peshawar, Pakistan.
Between 2014 and 2015, consecutive patients eligible
for colorectal surgery were identified preoperatively,
and followed from the time of surgery until discharge.
This study aimed to determine if gut microbiota
dysbiosis, systemic inflammation and renal
dysfunction were correlated with long P.O.U.L.S.

Study population

A total of 140 adult patients of either sex, aged 18
years or older, undergoing elective or emergency
colorectal resection with primary anastomosis or
stoma formation were included. All eligible
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procedures consisted of right hemicolectomy, left
hemicolectomy, sigmoid  colectomy, anterior
resection, abdominoperineal resection, subtotal
colectomy, and other segmental colorectal resections,
either laparoscopically or by open surgery.

Exclusion criteria included those patients with pre-
operative mechanical bowel obstruction (MBO) with
persistent ileus, generalized peritonitis,
gastrointestinal perforation, inflammatory bowel
disease with toxic megacolon, end stage kidney
disease (ESKD) on dialysis, decompensated liver
disease, active systemic infection, pregnancy, and
insufficient provision of a pre-operative stool sample.
Those patients who had taken probiotics, prebiotics, or
non-routine systemic antibiotics in the four weeks
before admission were also excluded. Cases that
required re-operation within the early postoperative
period or developed anastomotic leakage, intra-
abdominal abscess or mechanical cause of bowel
obstruction were not analyzed for the primary ileus
since any of these conditions could individually
prevent gastrointestinal recovery.

Sample size calculation and sampling

The sample size was determined with a supposed
prolonged postoperative ileus rate of around 25%, a
confidence level of 95% and an absolute precision of
7%. Given the potential incompleteness of specimens
and the lack of post op observations, the necessary
sample soared to 140 patients. To minimize selective
recruitment and to capture the real-world of colorectal
surgery, consecutive non-probability sampling was
employed.

Evaluate the clinical and perioperative status.

Preoperative drug use, previous abdominal surgery,
physical-status class of the American Society of
Anesthesiologists, age, sex, body mass index, diabetes
mellitus, hypertension, and chronic kidney disease
were recorded as baseline data. Operative variables
were the surgical indication, elective or emergency
surgery, operative approach, operative time, estimated
blood loss, stoma creation, amount of fluids given
intraoperatively, blood transfusion, use of epidural,
and conversion from laparoscopy to open surgery.

Postoperative exposure to opioids was converted to
intravenous  morphine-equivalent doses.  Fluid
balance, electrolyte disturbances, nasogastric tube
feeding, time until mobilisation and compliance with
early/adequate feeding was documented. Each patient
underwent treatment in the peri-operative period as per
the institutional colorectal surgical pathway which
comprised of thromboprophylaxis, antimicrobial
prophylaxis, = multimodal  post-surgical  pain
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management, early mobilization and progressive oral
feed as clinically indicated.

Stool collection and microbiota analysis

In order to obtain a fresh stool specimen within 24
hours prior to surgery and prior to prophylactic
intravenous antibiotic administration, whenever
feasible. The samples were collected in sterile
containers, then transported in cold chain, aliquoted
and kept at —80°C for analysis. In emergency cases
where it was not possible to collect the specimen
before surgery, a rectal swab was taken prior to
antibiotic treatment and was examined separately in
sensitivity analysis. Microbial DNA was extracted
using a standardized commercial stool-DNA
extraction protocol incorporating mechanical bead
disruption. The V3—V4 hypervariable regions of the
bacterial 16S ribosomal RNA gene were amplified and
sequenced using paired-end sequencing. Sequence
reads underwent quality filtering, denoising, chimera
removal, and assignment of amplicon-sequence
variants. Taxonomy was assigned against a validated
ribosomal RNA reference database. Laboratory
personnel were blinded to postoperative outcomes.

Within-sample diversity was evaluated using the
Shannon diversity index, observed amplicon-sequence
variants, and Chaol richness. Between-sample
community differences were assessed using Bray—
Curtis dissimilarity. Relative abundances of major
bacterial phyla and clinically relevant genera were
recorded, with particular attention to short-chain-fatty-
acid-producing organisms and potentially pathogenic
Enterobacteriaceae. The Shannon index was analysed
primarily as a continuous variable. For descriptive
comparisons, dysbiosis was defined prospectively as a
Shannon diversity value in the lowest cohort quartile
accompanied by an Enterobacteriaceae relative
abundance above the cohort median. Differential
abundance analyses were considered exploratory and
adjusted for multiple comparisons.

Assessment of systemic inflammation

Venous blood samples were collected preoperatively
and at approximately 24 and 72 hours after surgery.
Complete blood count, serum C-reactive protein, and
interleukin-6 were measured using standardized
laboratory methods. The neutrophil-to-lymphocyte
ratio was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count.
Peak postoperative CRP, IL-6, and neutrophil-to-
lymphocyte ratio values during the first 72 hours were
used to represent the postoperative inflammatory
response. Laboratory personnel remained unaware of
ileus classification.
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Assessment of renal function

Serum creatinine, urea, salt, potassium, bicarbonate,
and estimated glomerular filtration rate were assessed
prior to surgery and daily for a minimum of the initial
three days following the operation. The estimated
glomerular filtration rate was determined utilizing the
2021 Chronic Kidney Disease Epidemiology
Collaboration creatinine formula. Preoperative renal
impairment was characterized by an estimated
glomerular filtration rate of less than 60 mL/min/1.73
m? or confirmed chronic kidney disease.

Postoperative ~ acute renal impairment was
characterized in accordance with Kidney Disease:
nhancing Global Outcomes criterion entails a rise in
serum creatinine of no less than 0.3 mg/dL within 48
hours or a minimum of 1.5 times the baseline level
within a week. Urine-output standards were utilized
when comprehensive hourly assessments were
accessible. Acute renal damage was classified based
on the extent of creatinine increase and the decrease in
urine production. The renal classification was
examined in conjunction with the nephrology
department.

Outcome assessment

The primary outcome was prolonged postoperative
ileus. It was defined as the presence, on or after
postoperative day four, of at least two of the following:
nausea or vomiting, inability to tolerate solid or
semisolid oral intake, absence of flatus or stool during
the preceding 24 hours, abdominal distension, and
radiological evidence of intestinal dilatation without
mechanical obstruction. The treating surgical team
assessed bowel recovery daily, while the final
classification was independently verified from clinical
records by an investigator blinded to microbiota
results.

Secondary outcomes included time to first flatus, time
to first stool, time to tolerance of solid food,
nasogastric-tube reinsertion, postoperative vomiting,
length of hospital stay, surgical-site infection, acute
kidney injury, intensive-care admission, reoperation,
and in-hospital mortality. Mechanical obstruction and
other intra-abdominal complications were excluded
using clinical assessment and imaging when indicated.

Control of potential confounding

Potential confounders were selected before analysis on
clinical grounds. These included age, sex, body mass
index, diabetes mellitus, chronic kidney disease,
malignant  disease, = American  Society  of
Anesthesiologists class, emergency surgery, operative
approach, operative duration, blood loss, stoma
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formation, opioid exposure, perioperative fluid
balance, and postoperative electrolyte disturbances.
Perioperative antibiotics and mechanical bowel
preparation were recorded because of their potential
effects on microbial composition.

Statistical analysis

The data were examined utilizing a suitable statistical
software application. Continuous variables were
evaluated for normal distribution and presented as
mean with standard deviation or median with
interquartile range. Categorical variables were
displayed as counts and proportions. Patients
exhibiting prolonged postoperative ileus were
contrasted with those without it utilizing the
independent-samples t test or Mann—Whitney U test
for continuous variables, alongside the chi-square or
Fisher’s exact test for categorical data.
The disparities in microbial communities were
analyzed by permutational multivariate analysis of
variance utilizing Bray—Curtis distances. The
relationships among microbial diversity, inflammatory
biomarkers, and renal indices were evaluated utilizing
Pearson or Spearman correlation coefficients. Factors
linked to extended ileus with a p-value of less than
0.10 in univariable analysis, along with predetermined
clinically significant variables, were incorporated into
multivariable logistic regression. Microbial diversity,
maximum levels of CRP or IL-6, and kidney
impairment were maintained as primary variables.
Due to the anticipated quantity of outcome events, the
ultimate model was constrained to prevent overfitting,
and penalized logistic regression was employed as
required.

Adjusted odds ratios accompanied by 95% confidence
intervals were presented. Multicollinearity, model
calibration, and discrimination were evaluated by
variance inflation factors, the Hosmer—Lemeshow test,
calibration plots, and the area beneath the receiver-
operating-characteristic curve. Sensitivity studies
omitted emergency interventions, rectal-swab
samples, individuals on therapeutic antibiotic
treatment, and patients experiencing significant
surgical problems. A two-tailed p value under 0.05 was
deemed statistically significant.

Ethical considerations

The study was conducted in accordance with the
Declaration of Helsinki after approval from the
relevant institutional ethics committee. Written
informed consent was obtained from all participants
before enrolment and biological specimen collection.
Patient identifiers were removed from the analytical
dataset, and stool samples were coded to preserve
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confidentiality. The manuscript should include the
actual ethics approval number before submission.

Results

A total of 158 patients were assessed for eligibility.
Eleven did not satisfy the eligibility criteria, four
declined participation, and three had inadequate
microbiota specimens. The final analysis therefore
included 140 patients, comprising 82 men (58.6%) and
58 women (41.4%). Prolonged postoperative ileus
developed in 36 patients, corresponding to an
incidence of 25.7%, whereas 104 patients (74.3%)
achieved gastrointestinal recovery without prolonged
ileus.

Among the 36 patients with prolonged ileus, 23
(63.9%) were men and 13 (36.1%) were women.
Among the 104 patients without prolonged ileus, 59
(56.7%) were men and 45 (43.3%) were women. The
difference in postoperative ileus frequency between
men and women was not statistically significant
(p=0.452), indicating that both sexes were adequately
represented and that sex was not associated with the
primary outcome.

The mean age of the entire cohort was 56.7 + 13.4
years. Patients who developed prolonged ileus were
older than those without prolonged ileus (61.2 + 12.1
versus 55.1 + 13.5 years; p=0.017). Colorectal
malignancy was the primary indication for surgery in
100 patients (71.4%). Twenty-two patients (15.7%)
underwent emergency surgery, while 118 (84.3%)
underwent elective procedures. Open surgery, longer
operative duration, greater blood loss, higher
postoperative opioid exposure, and greater positive
fluid balance were more frequent among patients with
prolonged ileus. Preoperative estimated glomerular
filtration rate below 60 mL/min/1.73 m? was present
in 10 patients (27.8%) with prolonged ileus and 10
(9.6%) without prolonged ileus (p=0.006). Complete
demographic and perioperative comparisons are
provided in Table 1.

Table 1. Demographic and perioperative
characteristics of patients with and without
prolonged postoperative ileus

Characteri | Total | Prolong | No )4
stic cohor | ed ileus | prolong | valu
t (n=36) | ed ileus | e
(n=14 (n=104)
0)
Age, years, | 56.7+ | 61.2 +|551 =+ |0.01
mean + | 134 12.1 13.5 7
standard
deviation

Men, n (%) | 82 23 59 0.45
(58.6) | (63.9) (56.7) 2

Women, n | 58 13 45 0.45

(%) (41.4) | (36.1) (43.3) 2

Body mass | 25.6+ | 26.0 +| 254 +] 044

index, 4.1 4.3 4.0 6

kg/m?,

mean +

standard

deviation

Current 39 12 27 0.39

smokers, n | (27.9) | (33.3) (26.0) 5

(%)

Diabetes 35 12 23 0.17

mellitus, n | (25.0) | (33.3) (22.1) 8

(%)

Hypertensi | 48 17 31 0.05

on, n (%) (34.3) | (47.2) (29.8) 7

Preoperativ | 20 10 10 (9.6) | 0.00

e eGFR | (14.3) | (27.8) 6

below 60

mL/min/1.

73 m?% n

(%)

Colorectal | 100 27 73 0.58

malignancy | (71.4) | (75.0) (70.2) 0

, 1 (%)

ASA 42 16 26 0.02

physical- (30.0) | (444 (25.0) 8

status class

M-IV, n

(%)

Emergency | 22 10 12 0.01

surgery, n | (15.7) | (27.8) (11.5) 9

(%)

Open 64 23 41 0.01

surgical (45.7) | (63.9) (39.4) 1

approach, n

(%)

Laparoscop | 76 13 63 0.01

ic surgical | (54.3) | (36.1) (60.6) 1

approach, n

(%)

Operative 181 £ | 201 £ | 174 £ 0.00

duration, 47 51 43 2

minutes,

mean +

standard

deviation

Estimated 280 350 250 0.01

blood loss, | (180— | (220— (160— 8

mL, 430) 500) 400)

median

(interquarti

le range)
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Stoma 44 14 30 0.26
formation, | (31.4) | (38.9) (28.8) 3

n (%)
Opioid 30 42 (28— | 27 (18- | <0.0
exposure, (20— | 58) 39) 01
morphine- | 45)
equivalent
mg, median
(interquarti
le range)
Positive 1,380 | 1,710 £ | 1,266 £ | 0.00
fluid +690 | 760 630 1
balance
during first
48  hours,
mL, mean
+ standard
deviation
Preoperative microbiota analysis demonstrated lower
microbial diversity among patients who subsequently
developed prolonged postoperative ileus. The median
Shannon diversity index was 2.91 in the prolonged-
ileus group compared with 3.68 in the group without
prolonged ileus (»p<0.001). Microbial richness was
similarly reduced, with median Chaol indices of 158
and 204, respectively (p<0.001).

Patients with prolonged ileus demonstrated a higher
median relative abundance of Enterobacteriaceae than
patients without prolonged ileus (12.8% versus 5.1%;
p<0.001). Conversely, the median relative abundance
of Faecalibacterium was lower in the prolonged-ileus
group (3.2% versus 6.7%; p<0.001). The prespecified
microbiota dysbiosis pattern was present in 22 of 36
patients (61.1%) with prolonged ileus compared with
21 of 104 patients (20.2%) without prolonged ileus
(»<0.001). Bray—Curtis analysis also identified a
significant difference in overall microbial community
composition between the groups (permutational
multivariate analysis of variance R?>=0.047; p=0.003).

A more pronounced systemic inflammatory response
was observed among patients who developed
prolonged ileus. Their median peak postoperative C-
reactive protein concentration was 171 mg/L
compared with 109 mg/L among patients without
prolonged ileus (»<0.001). Median peak interleukin-6
was 82.4 pg/mL in the prolonged-ileus group and 43.7
pg/mL in the group without prolonged ileus (»<0.001).
The corresponding peak neutrophil-to-lymphocyte
ratios were 11.8 and 7.4 (p<0.001).

Renal indices were also less favorable among patients
with prolonged ileus. Their mean preoperative
estimated glomerular filtration rate was 76 + 22
mL/min/1.73 m? compared with 89 + 19 mL/min/1.73
m? in patients without prolonged ileus (p=0.001).
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Postoperative acute kidney injury occurred in 12
patients (33.3%) with prolonged ileus and nine
patients (8.7%) without prolonged ileus (p<0.001).
Comparisons of microbiota composition,
inflammatory biomarkers, and renal indices are
presented in Table 2.

Table 2. Gut microbiota, systemic inflammation,
and renal function according to postoperative ileus
status

Variable Prolonge | No P
d ileus | prolonge | value
(n=36) d ileus

(n=104)
Shannon 291 3.68 <0.00
diversity index, | (2.48— (3.21- 1
median 3.35) 4.06)
(interquartile
range)
Chaol richness | 158 204 <0.00
index, median | (129— (169— 1
(interquartile 191) 241)
range)

Enterobacteriace | 12.8 5.1 (2.7- | <0.00

ae relative | (7.6— 9.4) 1
abundance, %, | 19.5)

median

(interquartile

range)

Faecalibacteriu | 3.2 (1.6— | 6.7 (4.1- | <0.00
m relative | 5.1) 9.2) 1
abundance, %,
median
(interquartile
range)

Prespecified 22 (61.1) | 21(20.2) | <0.00
microbiota 1
dysbiosis, n (%)

Preoperative C- | 9.8 (53— 6.2 (3.1- | 0.012

reactive protein, | 18.4) 11.7)

mg/L, median

(interquartile

range)

Peak 171 109 (78— | <0.00

postoperative C- | (132— 151) 1
reactive protein, | 226)
mg/L, median
(interquartile
range)
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Peak 82.4 43.7 <0.00
postoperative (59.8- (29.5- 1
interleukin-6, 117.6) 66.1)
pg/mL, median
(interquartile
range)

Peak neutrophil- | 11.8 7.4 (5.4—| <0.00

to-lymphocyte (8.5— 10.3) 1
ratio, median | 15.9)

(interquartile

range)

Preoperative 1.04 0.89 0.006
creatinine, (0.86— (0.75—

mg/dL, median | 1.31) 1.08)
(interquartile

range)

Preoperative 76 £22 89+ 19 0.001
eGFR,

mL/min/1.73 m?,
mean + standard
deviation

Postoperative 12 (33.3) | 9(8.7) <0.00
acute kidney 1
injury, n (%)

The Shannon diversity index demonstrated an inverse
correlation with peak interleukin-6 (Spearman
r=—0.41; p<0.001) and peak C-reactive protein
(Spearman r=—0.35; p<0.001). A positive correlation
was observed between microbial diversity and
preoperative estimated glomerular filtration rate
(Spearman 7=0.24; p=0.005). Enterobacteriaceae
abundance correlated positively with peak interleukin-
6 (Spearman r=0.38; p<0.001) and postoperative
creatinine elevation (Spearman 7=0.29; p=0.001).
These findings demonstrated that greater microbiota
disruption was associated with a stronger
inflammatory response and less favorable renal
function.

Patients  with  prolonged ileus experienced
substantially delayed gastrointestinal recovery.
Median time to first flatus was 105 hours compared
with 48 hours among patients without prolonged ileus,
while median time to first stool was 132 versus 70
hours. Solid food was tolerated after a median of 126
hours in the prolonged-ileus group and 62 hours in the
group without prolonged ileus. All three recovery
measures differed significantly between the groups
(p<0.001).

Nasogastric-tube reinsertion was required in 18
patients (50.0%) with prolonged ileus compared with
seven patients (6.7%) without prolonged ileus. The
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median hospital stay was four days longer among
affected patients. Intensive-care admission and
surgical-site infection were also more frequent in the
prolonged-ileus group. No in-hospital death occurred
among patients without prolonged ileus, whereas one
patient with prolonged ileus died following
postoperative multiorgan dysfunction. Complete
postoperative outcome comparisons are shown in
Table 3.

Table 3. Postoperative clinical outcomes according
to postoperative ileus status

Outcome Prolonged | No P
ileus prolonged | value
(n=36) ileus

(n=104)

Time to first | 105 (92— | 48 (38— | <0.001

flatus, hours, | 125) 61)

median

(interquartile

range)

Time to first | 132 (110- | 70 (55— | <0.001

stool, hours, | 158) 88)

median

(interquartile

range)

Time to | 126 (105—- | 62 (49— | <0.001
tolerance of | 151) 79)

solid food,
hours, median
(interquartile
range)

Nasogastric-
tube
reinsertion, n
(%)

18 (50.0) | 7(6.7) <0.001

Length of | 11 (9-14) | 7(6-9) <0.001
hospital stay,
days, median
(interquartile
range)

Surgical-site 7(19.4) 8(7.7) 0.050
infection, n
(%)

Intensive-care | 8 (22.2) 7(6.7) 0.009
admission, n

(%)

Reoperation, | 2 (5.6) 2 (1.9) 0.264
n (%)
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In-hospital 1(2.8)
mortality, n
(%)

0(0.0) 0.257

In univariable analysis, microbiota dysbiosis, reduced
microbial diversity, elevated peak interleukin-6,
reduced preoperative estimated glomerular filtration
rate, postoperative acute kidney injury, open surgery,
longer operative duration, greater opioid exposure,
and positive perioperative fluid balance were
associated with prolonged postoperative ileus.
Variables selected a priori were subsequently entered
into the multivariable model.

Following adjustment, preoperative microbiome
dysbiosis continued to be independently linked to
extended ileus (adjusted odds ratio 3.42, 95%
confidence interval 1.38-8.47; p=0.008). A 10-pg/mL
rise in peak interleukin-6 correlated with a 16%
elevation in the adjusted odds of prolonged ileus
(adjusted odds ratio 1.16, 95% confidence interval
1.06-1.27; p=0.001). A preoperative estimated
glomerular filtration rate of less than 60 mL/min/1.73
m? was independently linked to an extended ileus
(adjusted odds ratio 2.71, 95% confidence interval
1.01-7.28; p=0.048). Postoperative opioid exposure
continued to be significant, exhibiting an adjusted
odds ratio of 1.23 for each 10-mg increment in
morphine-equivalent dosage (95% confidence interval
1.02-1.49; p=0.031). Open surgery lost its
independent  significance following correction
(adjusted odds ratio 1.69, 95% confidence interval
0.67-4.24; p=0.264).

The final multivariable model had an area under the
receiver-operating-characteristic curve of 0.86 (95%
confidence interval 0.79-0.93), indicating good
discrimination. Calibration was acceptable, and no
important multicollinearity was identified. In
sensitivity analyses excluding emergency procedures,
microbiota dysbiosis and peak interleukin-6 remained
independently associated with prolonged ileus. An
exploratory model additionally demonstrated an
association between postoperative acute kidney injury
and prolonged ileus (adjusted odds ratio 2.84, 95%
confidence interval 1.01-7.96; p=0.047). Acute
kidney injury was not included in the primary model,
as this occurred postoperatively and the timing in
relation to the presence of prolonged ileus was not
always certain.

DISCUSSION

This prospective study found that prolonged
postoperative ileus occurred in 25.7% of patients
undergoing colorectal surgery'. Affected patients
revealed lower microbial diversity, higher abundance
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of Enterobacteriaceae, lower abundance of
Faecalibacterium, more systemic inflammation and
worse renal function. Microbiota dysbiosis, high
levels of interleukin-6, low preoperative estimated
glomerular filtration rate and higher opioid exposure
were still independently associated with prolonged
ileus?.

This frequency was similar to the 10% to 30%
frequency reported after colorectal surgery. Patients
with prolonged ileus had significantly longer delay of
flatus and stool evacuation, decreased tolerance to
solid food, increased frequency of reinsertion of nasal-
gastric tube and longer hospital stay*>*. The results
confirm that postoperative ileus is not merely a delay
in bowel function but also an important postoperative
complication that influences clinical recovery. The
association between preoperative dysbiosis and ileus
supports emerging evidence that intestinal microbiota
influence recovery after gastrointestinal surgery?®.
Previous studies have demonstrated distinct
perioperative microbial profiles and reduced microbial
diversity among patients who develop ileus °.
Increased Enterobacteriaceae may promote exposure
to inflammatory microbial products, whereas
depletion of butyrate-producing Faecalibacterium
may impair epithelial integrity and immune regulation.
However, the present compositional analysis cannot
establish the functional activity of these organisms’*.

Patients with prolonged ileus also had higher C-
reactive protein, interleukin-6, and neutrophil-to-
lymphocyte ratio values. Surgical manipulation
activates intestinal muscularis macrophages, cytokine
release, neutrophil recruitment, and enteric-neural
dysfunction, resulting in impaired smooth-muscle
contraction’. The inverse correlations between
microbial diversity and inflammatory markers suggest
that dysbiosis and postoperative inflammation may
represent interconnected mechanisms'°.

Reduced  preoperative  renal  function  was
independently associated with prolonged ileus, while
postoperative acute kidney injury was more frequent
among affected patients'!. Renal dysfunction may
impair intestinal recovery through fluid retention,
bowel-wall oedema, electrolyte disturbances, uraemic
toxin accumulation, and systemic inflammation.
Conversely, intestinal barrier disruption and microbial
products may contribute to kidney injury, indicating
bidirectional gut-kidney interaction. The association
with postoperative acute kidney injury should
nevertheless be interpreted cautiously because its
temporal relationship with ileus was uncertain'?.

Greater opioid exposure also remained independently
associated with prolonged ileus. Opioids inhibit
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propulsive gastrointestinal motility and intestinal
secretion. Open surgery was significant only in
unadjusted analysis, suggesting that its effect may be
mediated by  greater tissue = manipulation,
inflammatory stress, opioid requirements, and fluid
administration. Opioid-sparing analgesia, careful fluid
management, early mobilization, and correction of
electrolyte abnormalities therefore remain important
preventive measures'*-!3.

The study was strengthened by its prospective design,
inclusion of both men and women, preoperative
microbiota sampling, standardized ileus definition,
and combined assessment of microbial, inflammatory,
and renal factors. Its limitations included a single-
region setting, modest sample size, one preoperative
stool specimen, possible effects of antibiotics and
bowel preparation, and the limited functional
resolution of 16S ribosomal RNA sequencing. Most
importantly, the observational design identifies
associations but cannot demonstrate causation!6-%,

Conclusion

Gut microbiota dysbiosis, elevated systemic
inflammation, impaired renal function, and greater
opioid exposure were independently associated with
prolonged postoperative ileus following colorectal
surgery. Reduced microbial diversity, increased
Enterobacteriaceae abundance, elevated interleukin-6,
and lower preoperative estimated glomerular filtration
rate identified patients at greater risk. Larger
multicentre studies using longitudinal metagenomic
and metabolomic analyses are required to confirm
these findings and evaluate targeted preventive
interventions.
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