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Abstract 
Gastrointestinal surgery is often challenging because of unexpected postoperative complications such as pouchitis, malabsorption, 
anastomotic leak, diarrhea, inflammatory responses, and life-threatening infections. Moreover, the gut microbiota has been 
shown to be associated with the complications described above. Major intestinal reconstruction, such as Roux-en-Y gastric 
bypass (RYGB) and ileal pouch-anal anastomosis surgery, could result in altered gut microbiota, which might lead to some of the 
benefits of these procedures but could also contribute to the development of postsurgical complications. Moreover, postsurgical 
reestablishment of the gut microbiota population is still poorly understood. Here, we review evidence outlining the role of gut 
microbiota in complications of gastrointestinal surgery, especially malabsorption, anastomotic leak, pouchitis, and infections. In 
addition, this review will evaluate the risks and benefits of live biotherapeutics in the complications of gastrointestinal surgery.
Abbreviations: CAGs = Co-abundance Groups, CDI = Clostridioides difficile infection, CRC = colorectal cancer, ERAS = 
enhanced recovery after surgery, E. coli = Escherichia coli, E. faecalis = Enterococcus faecalis, F. prausnitzii = Faecalibacterium 
prausnitzii, FAP = familial adenomatous polyposis, FMT = fecal microbiota transplantation, GRAS = generally recognized as safe, 
ICU = intensive care unit, IPAA = ileal pouch-anal anastomosis, MMP9 = matrix metalloproteinase 9, NSAID = antiinflammatory 
drugs, SG = sleeve gastrectomy, SI/II = stage I/II, SIII/IV = stage III/IV, SNP = single nucleotide polymorphism, RYGB = Roux-en-Y 
gastric bypass, UC = ulcerative colitis.
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1. Introduction

More than ten years after the launch of the Human Microbiome 
Project, related studies on the role of microorganisms in infectious 
and complex human diseases have become the research focus of 
researchers worldwide.[1] However, the application of microbial 
communities (bacterial, fungal, and viral communities) in the 
fields of medicine and human health remains challenging.[2] The 
following 3 processes are required to translate microbiome sci-
ence into clinical practice: First, we should find evidence of the 
contribution of the microbiome to disease progression in clinical 
practice. Second, direct mechanistic studies need to be carried out 
using biochemical, immunological, or microbiological approaches 
to explore the mechanism of specific microbial strains in disease 
progression. Third, clinical interventions (e.g., fecal microbiome 
transplantation, medication, diet, probiotics, or prebiotics) or 
large clinical trials need to be conducted to further clarify the role 
of specific microbial strains in disease.[1,2] Only by following this 

“clinical observation-directed mechanistic studies-clinical inter-
vention” principle can we translate microbiome science into clini-
cal practice and achieve the ultimate goal of precision medicine.[3]

In the past few decades, with the progress in gastrointesti-
nal surgery technology and clinical care, various postopera-
tive complications have decreased significantly.[2] Postoperative 
infection can lead to increased mortality, delayed rehabilitation, 
and increased medical cost.[4] Consequently, surgeons and infec-
tion control officers are actively looking for a variety of novel 
approaches to reduce infectious complications.[5] More and more 
research showed that gut microbiota was closely related with the 
infectious complications of gastrointestinal surgery, such as pou-
chitis, surgical site infection, intraabdominal abscess, and postop-
erative inflammatory responses.[6–8] Traditional wisdom suggests 
that decontamination can eliminate postoperative infection.[9] 
However, it is impossible to completely eradicate intestinal bacteria 
during the preparation for gastrointestinal surgery, and it may also 
lead to adverse complications. Clostridium difficile is an anaerobic 
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bacterium that usually lives in the human intestine. If antibiot-
ics are taken excessively, the growth rate of Clostridium difficile 
will accelerate, which will affect other bacteria in the intestine and 
cause pseudomembranous enteritis and diarrhea.[3,10,11] Under nor-
mal conditions, the human intestinal microbiota is critical for the 
host’s resistance to both endogenous and exogenous pathogens.[2] 
In addition, intestinal microorganisms can activate immune cells 
and trigger an immune response.[3] Therefore, maintaining the bal-
ance of the gut microbiota is of great significance for the rapid 
recovery of patients undergoing gastrointestinal surgery.

For severe ulcerative colitis (UC) and familial adenomatous 
polyposis (FAP), total colectomy combined with ileal pouch-
anal anastomosis (IPAA) is often performed for severe ulcerative 
colitis (UC) and familial adenomatous polyposis. Roux-en-Y 
gastric bypass (RYGB) surgery is often performed to treat obe-
sity. Major intestinal reconstructions, such as RYGB and IPAA 
surgery, can alter the gut microbiota.[2–4] On one hand, altered 
gut microbiota might lead to some of the benefits of these pro-
cedures. However, they can also contribute to the development 
of postsurgical complications.[2] Live biotherapeutics (includ-
ing FMT and probiotics) could generate some benefits, such as 
restoring the diversity of damaged intestinal microorganisms and 
contributing to clinical resolution in recurrent Clostridium diffi-
cile-associated diarrhea.[3] However, some risks associated with 
live biotherapeutics have recently been identified. For instance, 
probiotics can cause septicemia in some compromised patients.[4] 
In this review, we will comprehensively summarize the relation-
ship between gut microbiota and complications of gastrointes-
tinal surgery, including colorectal cancer surgery, gastrectomy, 

IPAA, and RYGB surgery, which may be of great significance in 
preventing complications of gastrointestinal surgery.

2. Gut microbiota is involved in pathogenesis of 
gastrointestinal cancer

Intestinal microorganisms are more than just local colonization 
bystanders. They perform various biological functions to main-
tain human health.[2] Symbiotic bacteria actively maintain epithe-
lial barrier function. Second, these symbiotic bacteria contribute 
to the development of the host immune system (e.g., innate immu-
nity and T-helper-cell function) and play a key role in the preven-
tion of infectious complications. Changes in the gut ecosystem are 
associated with human diseases including gastrointestinal cancer. 
For example, many studies have shown evidence of a series of 
changes in major fecal microorganisms during multistep col-
orectal cancer (CRC) progression.[5] These distinct stage-specific 
phenotypes of fecal microorganisms were further identified using 
a whole-genome shotgun metagenomic approach. Specifically, 
some sulfide-producing bacteria, such as Bilophila wadsworthia, 
Desulfovibrio vietnamensis, and D. longreachensis, were signifi-
cantly elevated in stage III/IV (SIII/IV) CRC than in stage I/II (SI/II) 
CRC. In addition, some newly identified CRC-related species (e.g., 
Streptococcus anginosus, Porphyromonas uenonis, Colinsella 
aerofaciens, and Selenomonas sputigena) were also found to be 
elevated in SIII/IV CRCs than in SI/II. Interestingly, 2 butyrate 
producers (e.g., Eubacterium eligens and Lachnospira multipara) 
were significantly depleted at all CRC stages,[5] indicating that 

Figure 1.  Graphical representation of major change of microbial species during multistep CRC progression.
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microbial changes in multiple species are possibly related to the 
multistep process of colorectal carcinogenesis (Fig. 1).

3. Preoperative preparation and the gut microbiota
Ohigashi et al proposed the theory that a poorly diversified micro-
biome is more likely to develop disease than a well-diversified 
microbiome.[6] Some preoperative preparations, such as purgative 
cleansing and oral and intravenous antibiotics, may cause major 
shifts in the bacterial composition of a poorly diversified microbi-
ome, providing an opportunity for pathogenic bacteria to repop-
ulate the lumen.[6] Therefore, significant changes in the intestinal 
environment might be associated with postoperative complications.

4. Surgical stress and gut microbiota
There is much evidence that surgery itself can cause a significant 
change in the composition of the gut microbiota.[2] For instance, col-
ectomy in rats results in a significant increase in mucosal-associated 
lumen bacteria, including Escherichia and Enterococcus. Moreover, 
altered microbial communities at the ileostomy site were observed 
in patients who underwent small-bowel transplantation. Changes in 
the gut microbiota include an increase in facultative anaerobes (e.g., 
Enterobacteriaceae and Lactobacillus) and the depletion of obligate 
anaerobes (e.g., Clostridia and Bacteroides). A possible reason for 
this is that exposure of the intestinal lumen to the ambient atmo-
sphere changed its original anaerobic environment. In addition, 
ischemia-reperfusion injury caused by ligation of intestinal blood 
vessels during surgery is also an important reason for the change in 
gut microbiota. An animal experiment further demonstrated that 
ischemia-reperfusion injury caused by ligation of the superior mes-
enteric artery might lead to an increase in the abundance of E. coli 
and a decrease in Lactobacillus in the rat ileum and colon.[7]

5. Host–microorganism communication
Research has shown that bacteria have a strong ability to sense 
local environmental signals and determine their population density 
through quorum sensing, which greatly improves their adaptability 
to the surrounding environment.[2] The hospital-acquired and com-
mensal microbiota can sense the host state through inflammatory 
signals (e.g., IL-6, IL-8, IFN-γ, various cytokines) and hormones 
that are secreted into the lumen during surgery. In general, this 
adaptive progression of pathogens is terminated by modern sur-
gical treatment, including the proper use of antibiotics, adequate 
nutrition, and timely liquid therapy.[2] However, strong surgical 
stressors caused by long surgery duration and large injury are 
sensed by pathogenic bacteria (e.g., E. faecalis or P. aeruginosa), 
which may lead to pathogen overgrowth to adapt to harsh envi-
ronmental conditions. In this case, the postoperative complications 
may have increased significantly. Therefore, it is important to take 
active measures to promote postsurgical microbiota recovery and 
refaunation.[2] Recently, the concept of enhanced recovery after sur-
gery (ERAS) has become widely used. ERAS emphasizes postoper-
ative rehabilitation treatment, including early mobilization, enteral 
nutrition, and discontinuation of opioid analgesia. However, it is 
still unclear whether it promotes postsurgical microbiota recovery 
and refaunation, which requires further exploration in the future.

6. Changes of gut microbiota after gastrointestinal 
surgery
Next, we discuss the changes in the gut microbiota after gastroin-
testinal surgery, including colorectal and gastrointestinal surgeries.

6.1. Colorectal surgery

Changes in the gut microbiota of patients with CRC before and 
after surgical treatment have been confirmed in many studies.[8] 

Recently, genomic data of 28 patients with CRC before and 
nearly 1 year after surgery showed that the relative abundance 
of oral anaerobes, such as Parvimonas micra, Peptoanaerobacter 
stomatis, Peptostreptococcus anaerobius, Dorea longicatena, 
and Porphyromonas uenonis, were dramatically reduced after 
tumor removal.[9] Notably, these strains have been identified as 
marker species for CRC. Likewise, Ohigashi et al also demon-
strated that the number of obligate anaerobes, such as bifido-
bacteria, was significantly reduced after surgery.[6] In contrast, 
the number of pathogenic bacteria, such as Enterobacteriaceae, 
Enterococcus, Staphylococcus, and Pseudomonas, increases sig-
nificantly after surgery.[6]

6.2. Gastrectomy and alimentary reconstruction

Currently, it is generally believed that digestion and absorption 
functions depend on the gut microbiota. Each part of the gut 
has a unique symbiotic ecosystem that facilitates the decomposi-
tion, processing, and absorption of various nutrients. Therefore, 
surgical reconstruction of the gastrointestinal tract fundamen-
tally affects the downstream microecological balance and then 
affects digestion, absorption, and immune function. Many of 
the surgical reconstructions used today are based on technol-
ogy developed decades ago.[2] In the early 20th century, sur-
geons treated recurrent ulcers using distal gastrectomy. As time 
went by Billroth I, Billroth II, and Roux-en-Y reconstruction 
were performed to restore intestinal continuity.[2] These oper-
ations keep biliopancreatic secretions away from most of the 
alimentary canal and contact only the distal jejunum, ileum, 
or colon (Fig.  2). RYGB has been used to treat morbid obe-
sity owing to its weight loss effect. Over the past decade, the 
effect of RYGB on the gut microbiota has been well studied. 
In obesity and associated diabetes, Firmicutes abundance was 
higher, but Bacteroides abundance was lower, while the ratio 
of Firmicutes/Bacteroides was significantly decreased in patients 
after RYGB.[10] Likewise, a recent study demonstrated rapid and 
lasting changes in gut microbiota in the mouse gastrointestinal 
tract after RYGB operation, especially an increased abundance 
of Escherichia and Verrucomicrobia (Fig.  2).[10] Surprisingly, 
when the RYGB-associated microbiota was transplanted into 
germ-free mice without gastrointestinal tract reconstruction 
(sham control), it also led to significant weight loss and reduced 
body fat compared to those that received microbiota transfer 
from sham surgery mice.[11] This further confirmed that the 
changes in microbiota caused by RYGB surgery play an import-
ant role in weight loss and metabolic changes.

7. Gut microbiota and postoperative long-term 
oncological outcomes
Many studies have confirmed that higher levels of Fusobacterium 
nucleatum (F. nucleatum) in colorectal tumor samples are cor-
related with worse outcomes, in particular, decreased overall 
survival, disease-free survival, recurrence-free survival, and 
cancer-specific survival rates.[5–10] Mechanistically, F. nucleatum 
promotes chemoresistance in colorectal cancer by activating 
the autophagy pathway.[5] Moreover, F. nucleatum may accel-
erate the growth of tumor cells and weaken T cell-mediated 
immune responses against colorectal tumors.[6] In contrast, 
Flemer et al found that tissue-associated microbial co-abun-
dance groups (CAGs), namely Prevotella-CAGs and Pathogen-
CAGs (including F. nucleatum), are associated with improved 
survival in patients with CRC.[11] This may be due to the fact 
that many of the studied individuals have been followed up for 
less than 2 years. Moreover, some confounding factors affect-
ing oncological outcomes were not adjusted in this study. In 
addition to F. nucleatum, 1 study showed that the abundance 
of Bifidobacterium was correlated with the extent of signet ring 
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cells. However, no statistically significant correlation between 
the concentration of Bifidobacterium and overall mortality was 
observed in this study.[12]

8. Gut microbiota influences postoperative 
complications of gastrointestinal surgery
Complications caused by complex gastrointestinal reconstruc-
tive surgery can affect patient recovery. These complications 
usually include pouchitis, malabsorption, inflammation, and 
anastomotic leaks. Numerous studies have shown that there 
may be a close relationship between the gut microbiota and the 
development of postoperative complications.

8.1. Pouchitis

Pouchitis is one of the most common complications of rad-
ical correction in patients with ulcerative colitis (UC). 
Approximately 10% to 35% of UC patients require sur-
gery because of their resistance to standard therapy.[12] 
Approximately 40% of these patients develop pouchitis within 
1 year of surgery. Several risk factors for pouchitis have been 
reported, including primary sclerosing cholangitis, nonsteroi-
dal antiinflammatory drug (NSAID) use, preoperative throm-
bocytopenia, and positive antineutrophil cytoplasmic antibody. 
Accumulating evidence suggests that intestinal dysbacteriosis 
may occur in pouchitis and plays a key role in disease pro-
gression.[13] Moreover, it has been reported that antibiotics and 
probiotics have a good effect of ameliorating the symptoms of 
pouchitis, further suggesting that bacterial translocation may 
play an important role in the generation and development of 

pouchitis. For example, 1 study showed that the pouch micro-
bial environment seems to be distinctly different in the settings 
of pouchitis, healthy pouches, ulcerative colitis (UC), and famil-
ial adenomatous polyposis (FAP).[14] Moreover, Komanduri et 
al found that inflamed pouch mucosa had greater bacterial 
species diversity than healthy pouch mucosa.[13] Furthermore, 
using 16S rDNA sequencing, Zella et al revealed that the 
pouchitis group had fewer Bacteroidetes and Proteobacteria 
and more Firmicutes, Clostridia, and Verrucomicrobia than 
the healthy FAP group.[14] Several bacterial species have been 
reported to play important roles in the progression of pou-
chitis, but their potential in disease screening remains to be 
explored. Most recently, Machiels et al reported that some 
specific members of the primary microbial community could 
predict pouchitis in UC patients undergoing colectomy within 
the 1st year after ileal pouch-anal anastomosis (IPAA).[15] 
More specifically, a risk score model for pouchitis based on 
the presence of Ruminococcus gnavus, Bacteroides vulgatus, 
and Clostridium perfringens and the absence of Blautia and 
Roseburia in fecal samples of patients with UC before surgery 
was established. Higher scores were associated with a higher 
likelihood of developing pouchitis after IPAA.[15] Therefore, it 
is of great significance to analyze the microbial components 
in feces before colectomy to screen patients who may develop 
pouchitis, which may lead to new predictive and therapeutic 
strategies.

8.2. Malabsorption

Complex reconstructive procedures such as RYGB, sleeve gas-
trectomy, or pancreatoduodenectomy may cause a series of 

Figure 2.  Anatomical reconstructions lead to the changes in physiological function and composition of gut microbiota. (A) Normal anatomy. (B) Roux-en-Y 
gastric bypass.
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complications, such as reflux esophagitis, diarrhea, dumping 
syndrome (fast stomach emptying), anemia, osteoporosis, fat 
malabsorption, and vitamin B12 deficiency.[2] Notably, these 
processes have a greater impact on energy metabolism through 
the gut microbiota. It was found that these reconstructive proce-
dures could increase the number of bacteria involved in glucose 
uptake in the small intestine, such as Akkermansia spp., and 
decrease the number of bacteria involved in bile acid metab-
olism, such as Bifidobacterium spp.[16] Likewise, Patrone et al 
revealed that the abundance of Lactobacillus was negatively 
associated with patients’ blood glucose levels after correcting 
for confounding factors, such as caloric intake.[17] In addition, 
the abundance of Roseburia species is directly associated with 
host metabolism because of its ability to ferment a variety 
of carbohydrates. Moreover, the increase in Escherichia coli 
(E.coli) is related to the higher energy acquisition efficiency in 
postRYGB starvation-like conditions. Most recently, Furet et al 
reported that high levels of Gammaproteobacteria were closely 
related to malabsorption after RYGB.[18] These findings rein-
force the tight links between gut microbiota and carbohydrate 
metabolism after RYGB. The risk of malnutrition (e.g., trace 
metal and vitamin deficiencies) is high in patients after RYGB 
surgery. Fortunately, most patients who experience this malab-
sorption gradually recover through nutritional counseling and 
vitamin supplementation. In the future, a deeper exploration 
of the mechanisms linking gut microbiota and malabsorption 
in patients who have undergone digestive tract reconstruction 
could facilitate precise therapies for this complication.

8.3. Inflammation pathology

Compelling evidence suggests that Faecalibacterium prausnitzii 
(F. prausnitzii) is closely related to inflammatory markers and 
low-grade inflammation after bariatric surgery.[18] F. praussnitzii 
is considered a conserved and dominant species of fecal micro-
biota in healthy people, preventing inflammation and infec-
tion in acute inflammatory bowel disease. Moreover, the level 
of F. prausnitzii is closely associated with decreased low-grade 
inflammation and higher insulin resistance in patients with 
obesity and type 2 diabetes mellitus. Many studies have shown 
that the abundance of F. prausnitzii is low in patients with obe-
sity or type 2 diabetes prior to bariatric surgery. However, the 
level of F. prausnitzii increased again after RYGB, which could 
reduce the level of low-grade inflammation.[19] Mechanistically, 
the metabolites of F. praussnitzii can prevent the production of 
inflammatory mediators and activation of nuclear factor-kB. 
Some studies have shown that oral administration of F. prauss-
nitzii or F. praussnitzii culture supernatant can increase the level 
of IL-10 and reduce circulating inflammatory parameters (e.g., 
C-reactive protein, IL-6, IL-12, and orosomucoid).[18] In the 
future, F. prausnitzii may serve as a valuable therapeutic tar-
get for improving inflammatory disorders and insulin resistance 
after gastrointestinal surgery.

8.4. Anastomotic leak

As one of the most devastating complications of gastrointestinal 
surgery, anastomotic leaks have plagued surgeons for decades, 
and there are no better preventive measures. Although surgi-
cal techniques and postoperative care have improved over the 
years, anastomotic leakage often occurs with serious conse-
quences such as morbidity, diverting stomas, and fatal infec-
tions. More than 60 years ago, animal experiments performed 
on dogs fully proved that intestinal microorganisms play an 
important role in the occurrence of anastomotic leakage. In 1 
study, transverse colostomy was performed, and the supplying 
blood vessels at the anastomotic site were ligated to cause gross 
ischemia. Subsequently, a feeding tube was placed near the anas-
tomotic site, and saline or antibiotics were administered to the 

colonic lumen via a tube placed near the anastomosis.[20] The 
results showed that saline-treated dogs developed severe intes-
tinal leakage and peritonitis, whereas in the antibiotic-treated 
group, the blood supply returned to normal and the anastomo-
ses tended to heal. Subsequent experiments on rats also proved 
that microorganisms are the cause of anastomotic leakage.[21] 
Moreover, some prospective, randomized, double-blind clin-
ical trials have proven the effectiveness of antibiotic applica-
tion in the prevention of esophagojejunal anastomotic leakage 
after total gastrectomy.[22] Subsequent studies confirmed that 
high collagenase-producing intestinal microbes, such as fecal 
Pseudomonas aeruginosa and Escherichia coli, were the main 
causes of anastomotic leakage in both rats and humans. Olivas 
et al validated the hypothesis that the phenotypic transformation 
of bacteria settled at the anastomotic site from a general pheno-
type to a destroying phenotype that expresses high tissue colla-
genase could lead to anastomotic leakage.[23] Genotype analysis 
revealed that a single nucleotide polymorphism mutation in the 
mexT gene was present in the Pseudomonas aeruginosa strain 
retrieved from leaking anastomotic tissues. In this study, the 
rats were exposed to preoperative fractionated radiation, as in 
cancer surgery. As the most common pathogen in the gut after 
exposure to radiation, Pseudomonas aeruginosa was inoculated 
in the intestine of rats that underwent low colorectal resection 
and 1-stage anastomosis. Only rats exposed to radiation and 
intestinal Pseudomonas aeruginosa colonization developed clin-
ical anastomotic leakage.[23] In conclusion, this model shows 
that some pathogenic microorganisms, such as Pseudomonas 
aeruginosa, can change their phenotypes in vivo to form a more 
pathogenic phenotype and cause intestinal leakage. In addi-
tion, another pathogenic microorganism, Enterococcus faecalis 
(E. faecalis), has been identified as the causal agent of anasto-
motic leak. Olivas et al validated the hypothesis that E. faecalis 
strains were involved in the course of anastomotic leak through 
their increased collagen-degrading activity by activating tissue 
matrix metalloproteinase 9 (MMP9) in host anastomotic tissues 
(Fig. 3).[24] Moreover, anastomotic leakage could be prevented 
by inhibiting the activation of MMP9 or by eliminating the 
Enterococcus faecalis strain by local antibiotics directly applied 
to the intestinal tissue of rats.[24] Also needed is a greater under-
standing of anastomotic leak from the perspective of microor-
ganisms to integrate microbial science into surgical thought and 
practice.

9. The effects of prebiotics or probiotics on 
postoperative complications of gastrointestinal 
surgery

9.1. The effects of prebiotics or probiotics on colorectal 
surgery

Recent studies have established the functional importance of 
prebiotics or probiotic in postoperative complications of gastro-
intestinal surgery (including colorectal resection and RYGB sur-
gery). To investigate the conclusiveness of the currently available 
evidence of prebiotics or probiotics on postoperative complica-
tions of colorectal resection surgery, we searched all the relevant 
literature to date. A total of 10 randomized controlled trials was 
ultimately included in this review.[25–34] The features extracted 
from these studies were shown in Table 1. These clinical trials 
were published over the past 12 years with a sample size ranging 
from 31 to 379. For postoperative patients with CRC, probiotics 
have proven to be extremely important in reducing postopera-
tive complications, such as surgical site infection,[25–28] diarrhea, 
[28,29] septicemia,[30,31] anastomotic leakage,[25] bacterial translo-
cation,[32] inflammatory responses,[33] ileus,[25] intraabdominal 
abscess,[25] etc. Moreover, patients treated with probiotics had 
improved quality of life and fewer days of postoperative hospi-
talization compared to patients untreated with probiotics,[34] we 
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consider that it would be very necessary to introduce routine use 
of probiotics in patients after colon and rectum cancer surgery.

9.2. The effects of prebiotics or probiotics on RYGB 
bypass surgery

Regarding the studies on the evaluation of probiotics or pre-
biotics supplementation in gastrectomy and RYGB bypass 
surgery,[35–38] the results showed that supplementation of C. 
butyricum and B. longum could reduce gastrointestinal symp-
toms and improve the quality of life of patients receiving gas-
trectomy and Roux-en-Y gastric bypass reconstructive surgery 
(Table  2). Furthermore, daily intake of 2.4 bi Lactobacillus 
sp. provides better results in bacterial overgrowth, and effec-
tiveness of vitamin B12 synthesis after RYGB.[35] Moreover, it 
has already been observed that a significant increase of serum 
vitamin B12 levels via synthesis by gut microbiota among indi-
viduals following supplementation with probiotics. In addi-
tion, the increase of vitamin D synthesis by gut microbiota 

was also observed in a study by Karbaschian et al.[36] These 
studies showed that probiotics supplementation was beneficial 
to the maintenance of vitamin homeostasis in patients after 
RYGB operation. However, 1 study reported that probiotics 
administration could not improve hepatic inflammatory and 
clinical outcomes 6 and 12-months after RYGB.[37] Moreover, 
Fernandes et al found that 1 × 109 daily supplement of L. 
paracasei, L. rhamnosus, L acidophilus, B. lactis and with 6 g 
fructooligosaccharide for 15 days did not show any superior 
results in both placebo and prebiotic groups.[38] There are 2 
possible explanations for the negative results of these 2 trials. 
On the one hand, RYGB surgery has a significant impact on 
anthropometry, liver, inflammation and metabolic parameters, 
including microbial components, so the benefits of probiotic 
therapy will not outweigh the impact of surgery itself.[37] On the 
other hand, RYGB surgery will cause the acceleration of gastric 
emptying and intestinal transport, while reducing the acid pro-
duction. These conditions may affect the passage and survival 
of probiotics post RYGB surgery. Currently, it is still unclear 
whether a prophylactic regimen using probiotic could prevent 

Figure 3.  Hypothesis on the mechanism of anastomotic leak. The surgical stressors caused by long surgery time, blood loss, difficult resection or large injury 
will be sensed by the pathogenic bacteria, which may lead to the elevated collagenase production.
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the occurrence of complications in gastrectomy and Roux-en-Y 
gastric bypass surgery. In the future, large scale and multicenter 
randomized controlled trials need to be carried out as early as 
possible.

9.3. Existing problems of the modulation of gut microbiota 
in patients after gastrointestinal surgery

Postsurgical modulation of gut microbiota is crucial for improv-
ing the prognosis of patients undergoing gastrointestinal sur-
gery.[39–43] Although probiotics have been widely recognized for 
their beneficial health effects on the host and have a long record 
of safety for traditional generally recognized as safe strains,[44–46] 
the potential risks associated with introducing living microor-
ganisms into immunocompromised individuals using probiotics 
have recently been reported. Yelin et al reported that probiotic 
strains can directly cause Lactobacillus bacteremia in 6 patients 
in the intensive care unit at Boston Children’s Hospital.[3] In this 
study, prebiotics containing Lactobacillus were used as a part of 
the treatment. Whole-genome sequencing clearly showed that 
the lactobacilli isolated from the blood of these 6 young patients 
were phylogenetically inseparable from the probiotics used.[3] 
However, how these bacteria translocate from the gastrointes-
tinal tract to the bloodstream remains unclear. Accordingly, the 
benefits and risks of probiotic treatment should be calculated in 

patients after gastrointestinal surgery, especially in the intensive 
care unit (Fig. 4).

10. Balancing the risks and rewards of live 
biotherapeutics
Clinically, both defined probiotics and undefined fecal micro-
biome transplantation are live biotherapeutics.[47,48] The ben-
efits and risks associated with probiotics in gastrointestinal 
surgeries are discussed in detail in the content presented above. 
Fecal microbiota transplantation (FMT) has been proven to be 
effective in improving or even curing diseases such as recurrent 
Clostridium difficile infection (CDI).[49,50] In 2013, van Nood et 
al[1] reported the results of a single-center trial on the treatment 
of CDI using duodenal infusion of donor feces. In this study, 
43 patients were randomly divided into 3 groups: FMT, oral 
vancomycin, and vancomycin plus intestinal lavage groups. The 
results showed that the cure rate of CDI in the FMT group was 
significantly higher than those in the oral antibiotics and antibi-
otics plus intestinal cleaning groups. However, it is noteworthy 
that risks associated with FMT have recently been reported. For 
instance, DeFilipp et al found that FMT transferred extend-
ed-spectrum β-lactamase-producing Escherichia coli to 2 
high-risk patients, both of whom received FMT capsules from 
the same stool donor.[3] Given the possibility of FMT-related 

Table 1

The outcomes of different clinical trials assessing the probiotics efficacy on colorectal cancer treatment.

References Study type Country Intervention Outcomes 

Bajramagic[25] RCT Bosnia and 
Herzegovina

Starting from the third postoperative 
day lasting for the next 30 days

Probiotic has a significant reduction in postoperative complications (anastomosis 
loosening, surgical site infection, ileus, intraabdominal abscess) in CRC surgery.

Aisu[26] RCT Japan six tablets/day Probiotic treatment can reduce surgical site infection and improve the intestinal microbial 
environment in patients undergoing CRC surgery.

Wei[27] RCT China 3 times a day, 3 days preoperatively Perioperative probiotics treatment could reduce infectious complications
Liu[28] RCT China 6 days preoperatively and 10 days The postoperative recovery of peristalsis, incidence of diarrhea, and infectious-related 

complications
Yang[29] RCT China 5 days before and 7 days after CRC 

resection operation
The days to first flatus and first defecation significantly improved in the probiotic-treated 

patients. The incidence of diarrhea was significantly lower in probiotics group
Liu[30] RCT China 6 days preoperatively and 10 days 

postoperatively
Perioperative probiotics treatment could reduce the serum zonulin level, the rate of 

postoperative septicemia and maintain the liver barrier in patients undergoing CRC 
surgery

Liu[31] RCT China 6 days preoperatively and 10 days 
postoperatively

Perioperative probiotics treatment could reduce serum zonulin concentrations and the rate 
of postoperative septicemia

Reddy[32] RCT UK Probiotic preparation was Trevis 
capsules 3 times daily

Synbiotics reduces the prevalence of fecal Enterobacteriaceae and bacterial translocation

Consoli[33] RCT Brazil at least 7 days before surgery Probiotic treatment with S. boulardii downregulates both pro- and antiinflammatory 
cytokines in the intestinal colonic mucosa

Tan[34] RCT Malaysia Twice daily for a consecutive 7 days 
prior to surgery

Perioperative probiotics treatment lead to faster recovery and shorter duration of 
hospital stay

Table 2

The outcomes of different clinical trials assessing the probiotics efficacy on Roux-en-Y gastric bypass treatment.

References Study type Country Year 
Number of 

participants Age range Intervention Outcomes 

Woodard[35] RCT USA 2009 44 Not reported 6-month postoperatively Probiotic administration improves bacterial overgrowth, 
vitamin B12 availability, and weight loss after RYGB.

Karbaschian[36] RCT Iran 2018 46 18–60 Pre 4 weeks Post 12 weeks Probiotic supplementation promotes inflammatory markers, 
body weight loss, and status of vitamin D in patients 
undergoing RYGB.

Sherf-Dagan[37] RCT  Israel 2018 100 41.9 ± 9.8 3-months Probiotics administration does not improve hepatic, 
inflammatory and clinical outcomes 6- and 12-months 
post- RYGB.

Fernandes[38] RCT Brazil 2016 26 18–65 30 days after partial gastrectomy 
for up to 15 days

Prebiotics and synbiotics were not able to promote significant 
changes in inflammatory markers.
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transmission of severe viral infections or multidrug-resistant 
bacteria, the clinical safety of FMT needs to be further studied. 
However, to date, the prevention of complications associated 
with gastrointestinal surgery using FMT has not been docu-
mented. Before using microbiome intervention for the manage-
ment of postoperative complications of gastrointestinal surgery, 
we should better understand the role of gut microbiota in the 
occurrence, maintenance, and development of diseases.

11. Conclusions
Major intestinal reconstruction could result in altered gut 
microbiota, which might lead to some of the benefits of these 
procedures (e.g., improvement of inflammation disorders and 
insulin resistance) but could also contribute to the development 
of postsurgical complications (e.g., malabsorption and diar-
rhea). This suggests that the gut microbiota has a double-sided 
effect on the complications of gastrointestinal surgery. Although 
FMT has been proven to be effective in improving or even cur-
ing some diseases, such as recurrent CDI, the prevention of 
complications of gastrointestinal surgery by FMT has not been 
documented and needs further exploration in the future. ERAS 
emphasizes the need for postoperative rehabilitation. However, 
it is still unclear whether it promotes postsurgical microbiota 
recovery and refaunation, which requires further exploration in 
the future.
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