
1Wang N, et al. BMJ Open 2022;12:e057391. doi:10.1136/bmjopen-2021-057391

Open access 

Relation of gut microbiota and 
postoperative gastrointestinal 
dysfunction in older patients with colon 
cancer undergoing elective colon 
resection: a protocol for a prospective, 
observational cohort study

Na Wang    ,1 Haojiang Zuo,2 Yujie Xu,2 Yong Zhou    ,3 Ailing Wei,4 Ka Li    1

To cite: Wang N, Zuo H, 
Xu Y, et al.  Relation of gut 
microbiota and postoperative 
gastrointestinal dysfunction 
in older patients with colon 
cancer undergoing elective 
colon resection: a protocol for 
a prospective, observational 
cohort study. BMJ Open 
2022;12:e057391. doi:10.1136/
bmjopen-2021-057391

 ► Prepublication history and 
additional supplemental material 
for this paper are available 
online. To view these files, 
please visit the journal online 
(http://dx.doi.org/10.1136/ 
bmjopen-2021-057391).

Received 14 September 2021
Accepted 18 February 2022

For numbered affiliations see 
end of article.

Correspondence to
Professor Ka Li;  
 Lika127@ 126. com

Protocol

© Author(s) (or their 
employer(s)) 2022. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published by 
BMJ.

ABSTRACT
Introduction Gut microbiota (GM) appears critical for 
gastrointestinal symptoms, but whether alterations in GM are 
associated with increased risk of postoperative gastrointestinal 
dysfunction (POGID) in older patients with colon cancer (CC) 
undergoing elective colon resection remains unclear.
Methods and analysis This study aims to prospectively 
recruit 284 elderly patients with CC undergoing elective colon 
resection. GM of fresh faeces specimens is characterised 
using 16S rRNA gene sequencing. Data are collected 
preoperatively, daily postoperatively during the in- hospital stay, 
and follow- up visits are scheduled four times within 30 days 
after discharge. Associations with POGID will be investigated 
using logistic regression models to calculate ORs with 95% 
CIs. The models include the adjustment for age, sex, frequency 
of spicy diet, coffee drinking and tea drinking, tobacco and 
alcohol history, diabetes, obesity, gastroenteritis, preoperative 
gut microbial composition. Furthermore, we will use joint 
modelling for longitudinal data to study several outcome 
variables simultaneously.
Ethics and dissemination This study was approved 
by the Institutional Review Board of West China Hospital, 
Sichuan University (IRB Number: 20201334). The results 
will be disseminated through peer- reviewed publications or 
conference presentations.
Trial registration number It has been registered in 
PROSPERO, number CRD42019145032. It has been 
registered in the Chinese clinical trial registry, number 
ChiCTR2100043646.

INTRODUCTION
Burden of postoperative gastrointestinal 
dysfunction (POGID) and unaddressed problems
In recent years, there has been a high inci-
dence of gastrointestinal dysfunction (GID) 
after elective resection of a colon tumour, 
especially in old patients, which seriously 
impacts the recovery rate, reduces the quality 
of life and increases the length and cost of 
hospital stay.1–3 Due to the lack of biomarkers 
that can precisely predict POGID and the 

complex aetiology of POGID, current ther-
apeutic strategies are limited. Clinical 
treatment is limited to the management of 
symptoms.4–6 However, researchers of POGID 
in patients are limited.7 And few researchers 
have investigated the factor of GM.

Developmental origins of POGID
The condition of GID was first described in 
the 1960s by pathologists.8 9 GID refers to 
gastrointestinal (GI) digestion and absorp-
tion disorders, including GI motility disor-
ders and GI mucous membrane barrier 
damage.9 10 GM and its metabolites can 
modulate GI motility via neuronal, hormonal 
and immunological signalling.11 GI motility 
disorders and mucosal barrier damage affect 
one another. Once GI peristalsis weakens or 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This study is one of the first studies to investigate 
the preoperative gut microbiota (GM) composition of 
older patients with colon cancer undergoing elective 
colon resection to predict the risk of postoperative 
gastrointestinal dysfunction (POGID).

 ⇒ We identify the perioperative management to avoid 
a severe bias by following the Enhanced Recovery 
After Surgery (ERAS) protocol to control the baseline 
data.

 ⇒ The samples size, 284 samples, provides sufficient 
statistical power to detect relevant associations be-
tween GM and POGID.

 ⇒ We regulated the baseline data by selecting spec-
ified populations (the ethnic group of Han and 
Chengdu inhabitants) to reduce bias, taking into ac-
count the influence of ethnicity, area, environment 
and other factors on GM.

 ⇒ This single- centre study may be a limitation, expos-
ing recruitment biases.
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disappears, abnormal growth of GM aggravates the GI 
mucosa, which increases bacterial translocation from 
the lamina propria into the bloodstream and endotoxin 
uptake, eventually forming bacteremia. It, in turn, aggra-
vates GI motility disorders, even causing toxic intestinal 
paralysis.12–14 Postoperative ileus is the most common 
slowing or stopping of GI functions after surgery.15 The 
clinical manifestations include abdominal pain, diar-
rhoea, abdominal distension, constipation and symptoms 
recur. At present, there are no specific treatments for 
POGID. Clinical treatment is limited to symptom manage-
ment, and a variety of schemes are often used in combi-
nation.16 17 The causative factors and pathogenesis of 
POGID are incompletely understood, but the operation 
factor, the side effect of opioids, undernutrition, psycho-
social disturbance such as anxiety, depression, phobia, or 
somatisation, GM, and altered gut–brain axis function 
may contribute.9 18–21 In addition, no consensus has been 
achieved with regard to the definition of POGID. More-
over, the Association of Coloproctology in Great Britain & 
Ireland identified POGID as a key research priority using 
a modified Delphi approach during a patient–clinician 
consensus process.7 22

Characterising of human gut microbiota (GM)
The human intestine is colonised by trillions of microorgan-
isms, known collectively as GM, most of which are bacteria 
coevolved with the host in a symbiotic relationship.23 It is esti-
mated that more than 3.9×1013 bacteria colonise the human 
clone, and the ratio of bacteria to human cells is closer to 
1:1.24 Given the plasticity in microbial diversity and func-
tion, microbial- based therapeutic interventions, including 
diet- based modulation, targeted antibacterial approach to 
treatment, non- absorbable antibiotics, prebiotics, probiotics 
and synbiotics, as well as faecal microbial transplantation, 
potentially permit the development of novel strategies for 
POGID therapy.20 25 26 In the context of precision medicine, 
the key clinical and scientific issues having not been solved 
for POGID in older patients with colon cancer (CC) under-
going elective colon resection including the alterations in 
GM composition and function should be characterised in 
next- generation gene sequencing.

Aim
GM appears critical for GI symptoms. Its role in modulating 
GI motility, gastric acid, epithelial secretion, maintaining 
epithelial barrier integrity and communication between 
the gut and the central nervous system may underlie its 
contribution to GI symptoms.20 27 28 However, its pathogen-
esis remains unclear. In this protocol, we aim to investigate 
whether alterations in GM relate to POGID in older patients 
with CC undergoing elective colon resection.

METHODS AND ANALYSES
Study design and setting
This study is a prospective, observational, ongoing cohort 
study. A flow diagram of the study design is shown in 

figure 1. A total of 284 hospitalised patients with CC 
undergoing elective colon resection are being continu-
ally recruited from a hospital in Sichuan province, China. 
Data collecting is from 1 August 2021 to 1 January 2023. 
Data will be analysed from 1 January 2023 to 1 March 
2023. All subjects from the same medical team follow 
the Enhanced Recovery After Surgery (ERAS) protocol 
(online supplemental file 1) to identify the perioperative 
management. The ERAS protocol reduces surgical stress, 
maintains postoperative physiological function, and 
enhances mobilisation after surgery. Data collected at 
baseline includes sociodemographic and lifestyle charac-
teristics, medical information, underlying disease, surgery 
and tumor- associated information (table 1). Fresh faeces 
samples will be collected before surgery. Moreover, we 
will characterise GM of fresh faeces samples using 16S 
rRNA gene sequencing. Follow- up visits will be scheduled 
four times within 30 days after discharge. At each visit, 
outcome data will be collected, and diagnosis of POGID 
will be determined. Associations with POGID will be 
investigated using logistic regression models to calculate 
ORs with 95% CIs. The models included adjustment for 
age, sex, frequency of spicy diet, coffee drinking and tea 
drinking, tobacco and alcohol history, diabetes, obesity, 
gastroenteritis, preoperative gut microbial composition. 
Furthermore, we will use joint modelling for longitudinal 
data to study several outcome variables simultaneously.

Inclusion criteria
The inclusion criteria are as follows: (a) elderly patients 
over 60 years old; (b) patients willing to sign the informed 
consent and voluntary participation; (c) patients with 
incident primary CC and will undergo elective colon 
resection; (d) patients who are the ethnic group of the 
Han and Chengdu residents.

Exclusion criteria
Participants who meet the following criteria are 
excluded: (a) patients with mental illnesses who are 
unable to cooperate with the study; (b) patients with 
prior history of cancer and chemotherapy or radio-
therapy, tumours accompanied by other malignant 

Figure 1 Flow diagram of this study.
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tumours, or CC with distant metastasis; (c) patients 
treated by non- radical surgery such as palliative treat-
ment; (d) antibiotics, corticosteroids or probiotics were 
used within 1 month before faeces specimen collection; 

(e) long- term use of immunosuppressives; (f) history 
of viral infection (ie, hepatitis B virus (HBV), hepatitis 
B virus (HCV) or HIV); and (g) ileus present at the 
time of admission.

Identifying the standard
The following participants are eliminated: (a) patients 
who cannot provide faeces samples before surgery; (b) 
loss of follow- up or incomplete data (missing data of 
leading observation indicators by more than 20%); and 
(c) faeces samples do not meet the gene sequencing 
standards.

Sample size calculation
According to the pre- experimental results, the inci-
dence of POGID was 27% and 16% in the exposed and 
non- exposed groups, respectively, which was similar to 
published reports (eg, POGID occurred in 10%–20% of 
patients).7 The type 1 error rate is 5%, and the power is 
90%. The study needs to include 237 patients. In consid-
eration of 20% attrition, the final sample size is 284 cases.

Outcome measures
The primary end outcome in this study is postoperative 
symptoms measured by the Porto Alegre Dyspeptic Symp-
toms Questionnaire (PADYQ). According to the PADYQ, 
with a total score of 44 points, scores greater than six will 
be diagnosed as POGID.29 30 The secondary end outcomes 
include time to first bowel movement, time to first clear 
liquid diet, time of postoperative vomiting, time to fatus, 
severe nausea, constipation, diarrhoea, ileus, GI bleeding, 
sepsis, pain intensity, length and cost of hospital stay.31 
The first observation cut- off point is when POGID compli-
cations occur. The second observation cut- off point is 30 
days after the operation, and recovery is assessed by tele-
phone and WeChat follow- up on the 7th, 14th and 21st 
day after the operation.

Assessment of GM
Faeces samples collection is completed in the GI surgery 
centre, and 16S rRNA gene sequencing is undertaken in 
the microbiology laboratory.

Feces collection
The researchers are trained to collect fresh samples 
according to standard collection methods for faecal 
sampling.32 After passing the training, the middle of 
faeces will be collected according to the aseptic require-
ments. Subjects urinate first before collection, and faeces 
will be collected in dry, anhydrous and sterile specimen 
tubes. Representative faeces will be collected in three 
parts (200 mg per part). And then store in 2 mL specimen 
tubes, respectively. Fresh faeces samples are placed in insu-
lating polystyrene foam containers on an ice bath, trans-
ported from the hospital to the laboratory and stored at 
−80°C. The samples are collected and transported using 
the adopted method.33

Table 1 Baseline data collection at initial admission

Baseline 
information Variate

Variable’s 
description

Sociodemographic 
characteristics

Age Years

Sex Biological 
(male/female)

BMI kg/m2

Obesity Waist and hip 
circumference

Life style 
characteristics

Frequency of spicy diet Times/weeks

Frequency of coffee 
drinking

Times/weeks

Frequency of tea 
drinking

Times/weeks

Tobacco history Years

Alcohol history Years

Medication history Probiotics Yes or no

Antibiotics Yes or no

Steroids Yes or no

Underlying disease Hypertension Yes or no

Metabolic diseases: 
diabetes, obesity, 
hyperlipidemia

Yes or no

Gastrointestinal 
diseases: polyps, 
gastroenteritis and 
recent gastrointestinal 
symptoms

Yes or no

Surgery- related 
information

Surgical method Radical 
resection of 
right colon 
cancer, left 
colon cancer 
or sigmoid 
colon cancer

Types of surgery Laparotomy or 
laparoscopy

Operation time Hours

Postoperative 
complications of 
non- gastrointestinal 
dysfunction: surgical 
wound bleeding or 
infection, etc

Yes or no

Tumor- associated 
information

Tumour staging AJCC TNM 
staging

Tumour size cm3

AJCC TNM staging, American Joint Committee on Cancer, AJCC 
(V.8) TNM staging system standard; BMI, body mass index.
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DNA extraction, 16S rRNA gene amplification, illumina MiSeq 
sequencing and sequencing data analysis
Total bacterial genomic DNA will be extracted from 
faeces samples using a Genomic DNA Extraction Kit with 
magnetic beads (GenMagBio, Jiangsu, China). Bacte-
rial 16S rRNA gene of distinct regions (V3–V4) will be 
amplified from the extracted DNA using specific primers 
338F(5′-ACTCCTACGGGAGGCAGCA- 3′) and 806R(5′- 
GGACTACHVGGGTWTCTAAT- 3′) with the barcode. 
Sequencing libraries will be generated usingTruSeq 
DNA PCR- Free Sample Preparation Kit (Illumina, USA) 
following the manufacturer’s recommendations, and 
index codes will be added. The library quality will be 
assessed on the Qubit V.2.0 Fluorometer (Thermo Scien-
tific) and Agilent Bioanalyzer 2100 system. At last, the 
library will be sequenced on an Illumina NovaSeq plat-
form, and 250 bp paired- end reads will be generated. 
Further details of sequencing methods and sequencing 
data analysis are available in online supplemental files 2 
and 3.

Planned data analysis
Statistical analysis will be performed using SPSS V.25 soft-
ware. Continuous variables with the normal composition 
of subjects’ demographic information and basic disease 
information are expressed as mean±SD, and categorical 
variables are expressed as frequency and percentage. 
Categorical variables will be compared using Χ2 analysis 
and Fisher’s exact test. A t- test and rank- sum test will be 
used to compare the differences between continuous 
variables. All results will be considered significant at 
p<0.05. Logistic regression analysis will be used to predict 
the risk of POGID by age, sex, frequency of spicy diet, 
coffee drinking and tea drinking, tobacco and alcohol 
history, diabetes, obesity, gastroenteritis, preoperative gut 
microbial composition. Furthermore, we will use joint 
modelling for longitudinal data to study several outcome 
variables simultaneously.

Quality control
Aseptic operations will be carried out, faeces samples 
will be correctly retained and storage conditions will be 
established before the specimens are sent for examina-
tion. Patients’ subject requirements and grouping will be 
blinded to the sample collectors, data inputters and statis-
tical analysts. The details of preprocessing and quality 
control of sequencing data are available in online supple-
mental file 3. Personnel involved in data collection and 
entry received unified professional training. The final 
data will be verified by personnel engaged in the clinical 
specialty for more than 2 years.

Ethics and dissemination
Ethical considerations
This study was approved by the Institutional Review 
Board of West China Hospital, Sichuan University (IRB 
Number: 20201334). All patient information involved 
in this study will be coded and kept strictly confidential. 

The data obtained will only be used for scientific research 
purposes, and the patients’ names and identities will 
not appear in any research report or public publication. 
Written informed consent will be obtained from each 
patient. The patients have the right to withdraw from this 
study at any time. If the patient refuses to participate in 
the study, their data collection will be stopped.

Dissemination
Findings will be disseminated through peer- reviewed 
publications or conference presentations.

Patient and public involvement
Patients and/or the public were not involved in the 
design, conduct, or reporting, or dissemination plans of 
this research.

DISCUSSION
This is one of the pioneering studies to use next- 
generation sequencing to investigate the preoperative 
GM composition of older patients with CC undergoing 
elective colon resection to predict the risk of POGID.34 
It may impact the clinical practice of advanced interfer-
ence treatment in the foreseeable future. First of all, the 
identification of specific faecal bacteria related to POGID 
advances scientific knowledge on the cause of digestive 
symptoms. In addition, targeted prophylactic therapies 
may be developed to decrease the risk for POGID. More-
over, characterising GM in patients with POGID may 
allow a more targeted antibacterial, a probiotic- based or 
a nutrition- based approach to treatment.27 35 36 Plus, these 
faecal bacteria may serve as biomarkers to identify older 
patients with CC undergoing elective colon resection at 
high risk for POGID and provide the basis for whether 
the patients are suitable for surgery under the condition 
of severe intestinal microbial dysbiosis.37

Accumulating evidence supports that GM is associ-
ated with obesity, diabetes, depression, kidney disease 
and other diseases.38–41 Similar studies have shown that 
GI symptoms in patients with functional bowel disor-
ders (FBDs) are associated with gut microbial diversity, 
including a significant decrease in the number of Prevotella 
species and enrichment of microbial ascorbate and alda-
rate metabolism, which play essential roles in the increase 
of luminal oxidative stress in symptomatic patients with 
FBDs. Nevertheless, it is not yet clear whether the reduc-
tion in diversity precedes the GI symptoms.27 Vich Vila et 
al’s study showed that compared with control individuals 
in the general population, patients with irritable bowel 
syndrome (IBS) had more Firmicutes and less Bacte-
roidetes and patients with inflammatory bowel disease 
(IBD) had less Firmicutes and more Bacteroidetes than 
did controls. Controls had more Actinobacteria in their 
stool than did patients with IBD or IBS. Furthermore, GM 
composition can be used to distinguish IBD from IBS.42 
These similar studies suggest that GM may play a key role 
in gut health.
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To date, 95 subjects are eligible for this project, and 
work is currently underway. After signing informed 
consent, each subject will be provided 50 RMB in financial 
compensation and the results of gut microbial composi-
tion will be provided for the patients free of charge.

Strengths and limitations of this study
Following the ERAS protocol to control the baseline 
data, we identify the perioperative management to avoid 
a severe bias. We further regulated the baseline data by 
selecting certain populations (the ethnic group of Han 
and Chengdu inhabitants) to reduce bias, taking into 
account the influence of ethnicity, area, environment 
and other factors on GM. Furthermore, the sample size 
of 284 samples gives enough statistical power to discover 
important relationships between GM and POGID. 
However, the fact that this is a single- centre study may be 
a limitation, as it exposes recruiting biases. In addition, 
we only go down to the species level, not the strain level, 
which is possible with metagenomic sequencing. We are 
also not looking at the presence of genes linked to bacte-
rial virulence and antibiotic resistance.
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Appendix A: ERAS protocol

PREOPERATIVE MANAGEMENT

Cessation of smoking and excessive intake of alcohol

Smoking and excessive intake of alcohol will be stopped immediately upon admission

to the hospital.

Preoperative nutritional screening and, as needed, assessment and nutritional

support

NRS2002 is the nutritional screening tool proposed by The European Society for

Clinical Nutrition and Metabolism (ESPEN) guidelines for the nutritional screening

of patients. Nutritional risk is established after the addition of all points allocated, as

follows: <3 at no or low risk, ≥3= at high risk.[1] Dietary guidance will be provided to

patients and their family members. One large egg (weight, 60 to 65 g) and 150 ml of

milk will be consumed each day. Multiple micronutrients will also be consumed daily.

More animal-based products, such as fish and chicken meat, will be consumed, as

well as the regular consumption of vegetables and fruits. Vegetable oil consumption

during the cooking process will be regulated.[2] The decision to operate will not be

made until the patient meets nutritional standards.

Medical optimization of chronic disease

It includes preoperative control of blood pressure and blood sugar. The subjects in our

study are elderly patients. Among the elderly patients with hypertension but without

diabetes, lowering systolic blood pressure to a target goal of less than 140 mmHg is
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appropriate. Guidelines recommend a target fasting plasma glucose level that falls

within the range of 3.8-7.2 mmol/L.[3, 4] Patients with low lung function will be

instructed to use a breath trainer every day for proper cough and sputum production.

Physical conditioning

The subjects will be assisted by nurses on a 10 min walk and stair climb (first to 14th

floor) every morning as long as the body functions properly. Preoperative exercise

training can effectively reduce postoperative pulmonary complications in elderly

patients. [5]

Mechanical bowel preparation (MBP) should not be used routinely

MBP has adverse physiological effects attributed to dehydration, which often causes

discomfort and prolongs the time taken for gastrointestinal function recovery. [6] There

is no evidence to support that patients benefit from MBP.[7] The desired effects include

increasing patient comfort, supporting the return of gut function, preventing or

reducing postoperative ileus, and reducing the stress response. [8, 9]

Structured preoperative information and engagement of the patient, relatives,

and caretakers

The ERAS general plan and arrangement of the perioperative period are introduced

orally, in writing, or by video, which can help patients make full psychological

preparations and establish a good trusting relationship between the patients and

medical staff. The implementation of the ERAS protocol requires the participation of

nurses, surgeons, and anesthesiologists and requires structured preoperative education

for patients and companions to achieve active involvement. The desired effects
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include reducing anxiety and involving the patient to improve compliance with the

protocol. [8, 9]

Preoperative carbohydrate treatment

The subjects will be instructed to consume sugar water two h prior to anesthesia

induction. In patients with diabetes, carbohydrate treatment can be administered along

with diabetes medication. Preoperative oral carbohydrate drinks improve patient

comfort and reduce anxiety and thirst before surgery and postoperative insulin

resistance.[10, 11] The desired effects include reducing insulin resistance, improving

well-being, and faster recovery. [8, 9]

Preoperative prophylaxis against thrombosis

Subjects will wear stretch stockings and receive pharmacological prophylaxis with

low molecular weight heparin for 28 days before the operation. Venous

thromboembolism (VTE) risk may be lowered with preoperative prophylaxis against

thrombosis. The screening will be offered for the lower extremity venous duplex to

identify occult preoperative Deep vein thrombosis (DVT) before surgery in older

patients and those with medical comorbidities.[12] The desired effects include reducing

thromboembolic complications.[8, 9]

Preoperative prophylaxis against infection

Prophylaxis with antibiotics will be administered routinely 30-60 min before surgery

according to their half-life. Prophylactic use of antibiotics before colon surgery to

prevent postoperative surgical wound infection is necessary in cases of not using

MBP.[13] The desired effects include reducing infection rates and faster recovery. [8, 9]

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-057391:e057391. 12 2022;BMJ Open, et al. Wang N



Prophylaxis against nausea and vomiting

A multimode comprehensive prevention approach will be adopted, and the Apfel

scoring system will be used to indicate antiemetic preventive measures according to

preoperative perceived risk indicators. Nausea is evaluated on a three-point scale from

0 (no nausea) to 1 (mild nausea) and 2 (severe nausea).[14, 15] Depending on the sex of

the patient, history of motion sickness, smoking history, anesthesia history, and

surgical protocol, high-risk patients will be identified and administered prophylactic

antiemetic medications.[16] The desired effects include minimizing postoperative

nausea and vomiting as well as increasing patient comfort.[8, 9]

Preanesthetic medication

Patients should not routinely receive long- or short-acting sedative medication before

surgery. If the patient is anxious before surgery, they will be provided with

educational counseling, prolonged preoperative hunger will be avoided, adherence to

the ERAS guidance on carbohydrate loading will be assessed, and other psychological

interventions will be adopted to reduce the patient's anxiety to an acceptable level

without the need for anxiety antidotes. Sedative medication delays postoperative

recovery and discharges from the hospital.[17]

INTRAOPERATIVE MANAGEMENT

Minimal invasive surgical techniques
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Laparoscopic surgery and modification of surgical access for colonic resections can

reduce trauma and the prevalence of postoperative immunosuppression, thereby

accelerating recovery. [18]

Standardized anesthesia, regional analgesia, opioid-sparing anesthesia

Anesthesiologists should control fluid therapy, analgesia, and hemodynamic changes

to reduce metabolic stress responses. The use of regional analgesia techniques

minimizes the doses of opioids and the risk of adverse reactions.[19, 20] Due to the side

effects of opioid drugs, gastrointestinal motility is reduced, and postoperative ileus

occurs in severe cases, especially in the elderly population, which seriously increases

the readmission rate of patients.[21, 22] The desired effects include accelerating the

return of gastrointestinal function, preventing or reducing postoperative ileus,

reducing the stress response and insulin resistance, and basic postoperative pain

management.[8, 9]

Using a goal-directed fluid treatment strategy, administer vasopressors to

support blood pressure control

A goal-directed fluid treatment strategy will be used to maintain fluid balance and

avoid over-or under-hydration, and vasopressors will be provided to support blood

pressure control when necessary. The amount of fluid input should be guided by blood

flow measurements to optimize cardiac output. Intravascular hypovolemia can lead to

the hypoperfusion of vital organs and the bowels, and administering too much fluid

can lead to gut edema, gut dysfunction, and increased interstitial lung water. [23, 24] The
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desired effects include reducing complications, accelerating the return of

gastrointestinal function, and reducing postoperative ileus.[8, 9]

Restrictive use of surgical site drains

The drainage tube is not placed routinely. When the drainage volume of the drainage

tube is within 500 mL, it will be removed 24 h after surgery. The desired effects

include supporting mobilization as well as reducing pain and discomfort.[8, 9]

Removal of nasogastric tubes before reversal of anesthesia

Postoperative nasogastric tubes should not be routinely used. Nasogastric tubes

inserted during surgery should be removed before the reversal of anesthesia. Routine

nasogastric tube decompression did not improve the time taken to return

gastrointestinal function but increased the patient's discomfort. Severe cases caused

psychological problems and increased the morbidity of pharyngolaryngitis and

respiratory infection.[25] The desired effects include reducing the risk of pneumonia

and supporting the oral intake of solids.[8, 9]

Control of body temperature using warm air flow blankets and warmed

intravenous infusions

During the operation, heat preservation measures will be taken to maintain the body

temperature at 36-37°C to prevent hypothermia or hyperthermia, which affects the

living environment of microorganisms.[26] An abnormal body temperature can lead to

complications, such as wound infection, and hypothermia can increase oxygen

consumption in cases of intraoperative blood loss.[27] The desired effects include

reducing wound infection complications and faster recovery.[8, 9]
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POSTOPERATIVE MANAGEMENT

Early mobilization

On the first day after surgery, the patient will be permitted to turn over on the bed and

move their limbs. Then, 24 h after surgery, the patient will be encouraged to get out of

bed under the evaluation and guidance of a nurse. The patient should take good

wound protection and be accompanied by their family members. The scope of

activities will gradually expand from bed activities, bedside activities, ward activities,

department activities, etc. The activity amount and time will be based on the

subjective fatigue of the patient. After removing the catheter or the beginning of

defecation, it is recommended that the patient defecates in the toilet. Older people,

especially those with cardiopulmonary dysfunction, are encouraged to get out of bed

early. Staying in bed for a long time is bad for physical recovery and brings negative

emotions, leading to a decline in working ability.[28] The desired effects include

supporting the return to normal movement, reducing thromboembolic complications,

and faster recovery.[8, 9]

Early intake of oral fluids and solids

First, 50 mL of clear fluid will be taken six h after surgery once every four h.

Hemifluidism will be encouraged from 48 to 72 h after surgery. The order of eating

contents is clear liquid diet (mainly water), semi-liquid diet (mainly porridge and

steamed eggs), and solid diet (mainly rice, noodles, steamed bread, etc.). The patients

will be closely watched for symptoms, such as abdominal pain, abdominal distension,

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-057391:e057391. 12 2022;BMJ Open, et al. Wang N



and vomiting after eating. Eating will be permitted if the patient can tolerate it. The

desired effects include supporting energy and protein supply as well as reducing

starvation-induced insulin resistance.[8, 9]

Early removal of urinary catheters

The catheter will be extubated 24 h after surgery, and self-urination is encouraged.

The desired effects include supporting ambulation and mobilization as well as

reducing the risk of urinary tract infections.[8, 9]

Use of chewing gums, laxatives, and peripheral opioid-blocking agents (when

using opioids)

Chewing gum after surgery is recommended. Chewing gum after colon cancer surgery

can promote bowel motility and reduce the time to first flatus and time to first passage

of feces.[29, 30] When opioids are used, laxatives and peripheral opioid-blocking agents

are used prophylactically to reduce the incidence of gastrointestinal dysfunction. Oral

bowel stimulation with osmotic laxatives, such as oral magnesium oxide and

disodium phosphate, can improve the recovery of gastrointestinal function.[31]

Peripheral opioid-blocking agents can prevent the side effects of decreased

gastrointestinal motility caused by opioids.[22] The desired outcomes include

accelerating the return of gastrointestinal function, avoiding or reducing postoperative

ileus, and faster recovery.[8, 9]

Intake of protein and energy-rich nutritional supplements

Postoperatively, patients will be screened for nutritional status, and active dietary

support will be provided if they are considered at risk of malnutrition, and increased
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energy and protein intake will be advised in addition to a normal diet. The desired

effects include reducing complications, faster recovery, reduced hospital stay, and

reduced health care costs.[8, 9]

The multimodal approach to opioid-sparing pain control

Following the standard anesthetic protocols previously established to control the

opioid dose, if there is breakthrough pain after surgery, titration to minimize the dose

of opioids will be used. The desired effects include good pain relief, reduced insulin

resistance, supporting early mobilization, supporting the early return of

gastrointestinal function, supporting early feeding, and increasing patient comfort.[8, 9]

Prepare for early discharge

Nurses inform patients of the matters needing attention in discharge and help them

make full mental preparations. The desired effect includes avoiding unnecessary

delays in discharge.[8, 9]

Post-discharge follow-up

WeChat, telephone follow-up, and health counseling will be provided on the seventh,

14th, and 21st days after discharge.
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Appendix B: Sequencing Methods

Extraction of genome DNA

Total bacterial genomic DNAwill be extracted from feces samples using a Genomic

DNA Extraction Kit with magnetic beads (GenMagBio, Jiangsu, China). DNA

concentration and purity will be monitored on 1% agarose gels. According to the

concentration, DNA will be diluted to 1ng/µL using sterile water.

16S rRNA gene amplification

Bacterial 16S rRNA gene of distinct regions (V3-V4) will be amplified from the

extracted DNA using specific primers 338F(5′-ACTCCTACGGGAGGCAGCA-3′)

and 806R(5′- GGACTACHVGGGTWTCTAAT-3′) with the barcode. All PCR

reactions will be carried out with 15 µL of Phusion® High-Fidelity PCR Master Mix

(New England Biolabs), 0.2 µM of forward and reverse primers, and about ten ng

template DNA. Thermal cycling consisting of initial denaturation at 98℃ for 1 min,

following by 30 cycles of denaturation at 98℃ for 10 s, annealing at 50℃ for 30 s,

and elongation at 72℃ for 30 s. Finally, 72℃ for 5 min.

PCR Products quantification and qualification

Mix the same volume of 1X loading buffer (containing SYB green) with PCR

products and operate electrophoresis on 2% agarose gel for detection. PCR products

will be mixed in equidensity ratios. Then, mixture PCR products will be purified with

Qiagen Gel Extraction Kit(Qiagen, Germany).

Library preparation and sequencing
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Sequencing libraries will be generated usingTruSeq® DNA PCR-Free Sample

Preparation Kit (Illumina, USA) following the manufacturer's recommendations, and

index codes will be added. The library quality will be assessed on the Qubit@ 2.0

Fluorometer (Thermo Scientific) and Agilent Bioanalyzer 2100 system. At last, the

library will be sequenced on an Illumina NovaSeq platform, and 250 bp paired-end

reads will be generated.
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Appendix C: Sequencing Data Analysis

Paired-end reads assembly and quality control

Data split Paired-end reads are assigned to samples based on their unique barcode

and truncated by cutting off the barcode and primer sequence.

Sequence assembly Paired-end reads are merged using FLASH

(V1.2.7,http://ccb.jhu.edu/software/FLASH/),[1] a very fast and accurate analysis tool,

which is designed to merge paired-end reads when at least some of the reads overlap

the read generated from the opposite end of the same DNA fragment, and the splicing

sequences are called raw tags.

Data Filtration Quality filtering on the raw tags is performed under specific

filtering conditions to obtain the high-quality clean tags[2] according to the

QIIME(V1.9.1, http://qiime.org/scripts/split_libraries_fastq.html)[3]

quality-controlled process.

Chimera removal The tags are compared with the reference database(Silva

database, https://www.arb-silva.de/) using the UCHIME algorithm(UCHIME

Algorithm, http://www.drive5.com/usearch/manual/uchime_algo.html)[4] to detect

chimera sequences, and then the chimera sequences are removed.[5] Then the

Effective Tags will be finally obtained.

OTU cluster and Species annotation

OTU Production Sequences analysis is performed by Uparse software (Uparse

v7.0.1001, http://drive5.com/uparse/).[6] Sequences with ≥97% similarity are assigned
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to the same OTUs. The representative sequence for each OTU is screened for further

annotation.

Species annotation For each representative sequence, the Silva Database

(http://www.arb-silva.de/)[7] is used based on the Mothur algorithm to annotate

taxonomic information.

Phylogenetic relationship Construction In order to study the phylogenetic

relationship of different OTUs, and the difference of the dominant species in different

samples(groups), multiple sequence alignment are conducted using the MUSCLE

software (Version 3.8.31, http://www.drive5.com/muscle/).[8]

Data Normalization OTUs abundance information is normalized using a

standard sequence number corresponding to the sample with the least sequences.

Subsequent analyses of alpha diversity and beta diversity are all performed based on

this output normalized data.

Alpha Diversity

Alpha diversity is applied in analyzing the complexity of species diversity for a

sample through 6 indices, including Observed-species, Chao1, Shannon, Simpson,

ACE, Good-coverage. All these indices in our samples are calculated with

QIIME(Version 1.7.0) and displayed with R software(Version 2.15.3). Two indices

are selected to identify Community richness: Chao - the Chao1 estimator

(http://www.mothur.org/wiki/Chao); ACE - the ACE estimator

(http://www.mothur.org/wiki/Ace); Two indices are used to identify Community

diversity: Shannon - the Shannon index (http://www.mothur.org/wiki/Shannon);
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Simpson - the Simpson index (http://www.mothur.org/wiki/Simpson); One indice to

characterized Sequencing depth: Coverage - the Good’s coverage

(http://www.mothur.org/wiki/Coverage).

Beta Diversity

Beta diversity analysis is used to evaluate differences of samples in species

complexity. Beta diversity on both weighted and unweighted unifrac are calculated by

QIIME software (Version 1.9.1). Cluster analysis is preceded by principal component

analysis (PCA), which is applied to reduce the dimension of the original variables

using the FactoMineR package and ggplot2 package in R software(Version 2.15.3).

Principal Coordinate Analysis (PCoA) is performed to get principal coordinates and

visualize from complex, multidimensional data. A distance matrix of weighted or

unweighted unifrac among samples obtained before is transformed to a new set of

orthogonal axes, by which the maximum variation factor is demonstrated by the first

principal coordinate, and the second maximum one by the second principal coordinate,

and so on. PCoA analysis is displayed by WGCNA package, stat packages and

ggplot2 package in R software(Version 2.15.3). Unweighted Pair-group Method with

Arithmetic Means(UPGMA) Clustering is performed as a type of hierarchical

clustering method to interpret the distance matrix using average linkage and is

conducted by QIIME software (Version 1.9.1).
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