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Small Intestinal Bacterial Overgrowth
after total and subtotal gastrectomys;
high incidence - not connected to
gastrointestinal symptoms
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po totalni ali subtotalni gastrektomijis

visoka incidenca, ki ni povezana z
gastrointestinalnimi simptomi
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ABSTRACT

Background. Surgical resections of the gastrointe-
stinal tract due to gastric carcinoma are connected
to a higher risk of developing Small intestinal bacte-
rial overgrowth (SIBO), which is a condition with an
excessive number of bacteria in the small intestine,
prompting a wide variety of symptoms and short and
long-term complications. SIBO increases the inci-
dence of nutritional deficiencies after gastrectomy
and increases the overall incidence of complications.

Kljuéne besede: prekomerna razrast bakterij (SIBO), karci-
nom Zelodca, totalna gastrektomija, subtotalna gastrektomija,
simptomi, zapleti

IZVLECEK

Izhodisce. Kirurske resekcije prebavil zaradi karci-
noma zelodca so povezane z vecjim tveganjem za raz-
voj bakterijske razrasti tankega crevesa (SIBO), ki je
stanje s prekomernim Stevilom bakterij v tankem
crevesu, kar povzroca razlicne simptome ter kratko-
rocne in dolgorocne zaplete. SIBO poveca pogostost
prehranskih pomanjkljivosti po gastrektomiji in po-
veca splosno pogostost zapletov.

Namen studije. Namen te Studije je bil oceniti na-
tancno incidenco SIBO po totalni in subtotalni ga-
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Aims. This study aimed to evaluate the exact inci-
dence of SIBO after total and subtotal gastrectomy
due to gastric carcinoma and to compare symptoms,
(neo)adjuvant chemo/radiotherapy treatment and
eating patterns in patients with and without SIBO.

Methods. In an observatory randomised analytical
crosssectional study, patients after total and subtotal
gastrectomy underwent a hydrogen (H,) breathing
test (BT) with glucose substrate (25 g/200 mL of wa-
ter). Demographic, anthropometric data, symptoms,
(neo)adjuvant chemo/radiotherapy treatment and
eating patterns were analysed with a questionnaire.

Results. Of the 37 patients included, 7 had subtotal
gastrectomy and 30 had total gastrectomy. H, BT
was positive in 2/7 (29%) and 9/30 (30%) of patients
after subtotal and total gastrectomy respectively.
There was no statistically significant difference in de-
mographic data, symptoms, eating patterns and treat-
ment with chemo/radiotherapy.

Conclusions. The incidence of SIBO in patients who
underwent subtotal and total gastrectomy is wor-
ryingly high, being 29 and 30 % respectively. SIBO
occurs more frequently in patients with gastric cancer
due to altered physiological defence mechanisms,
cancer-related cachexia and nutritional disorders.
SIBO further exacerbates and impairs the mecha-
nisms triggered by surgery, chemotherapy and radiot-
herapy, with consequent micronutrient deficiencies
and clinical signs. The incidence of SIBO is currently
underestimated, which could be connected to deve-
loping systemic complications, malabsorption, and
its consequences. The results of our study confirm
that there is an urgent need to systematically address
SIBO in patients undergoing total and subtotal ga-
strectomy already at high risk of postsurgical nutri-
tional deficiency which would significantly improve
treatment outcomes and prevent the development of
short and long-term complications.

strektomiji zaradi karcinoma Zelodca ter primerjati
simptome, (neo)adjuvantno zdravljenje s kemotera-
pijo/radioterapijo in vzorce prehranjevanja pri bol-

nikih s SIBO in brez nje.

Metode. V opazovalni randomizirani analiti¢ni pre-
secni studiji so pri bolnikih po totalni in subtotalni
gastrektomiji opravili test dihanja z vodikom (I1,) z
glukoznim substratom (25 g/200 ml vode). Z vprasal-
nikom so analizirali demografske in antropometricne
podatke, simptome, (neo)adjuvantno zdravljenje s
kemoterapijo/radioterapijo in prehranjevalne navade.

Rezultati. Od 37 vkljucenih bolnikov jih je imelo 7
subtotalno gastrektomijo, 30 pa totalno gastrekto-
mijo. H,BT je bil pozitiven pri 2/7 (29 %) in 9/30
(30 %) bolnikov po subtotalni oziroma totalni gastrek-
tomiji. V demografskih podatkih, simptomih, nacinu
prehranjevanja in zdravljenju s kemoterapijo/radio-
terapijo ni bilo statisticno pomembnih razlik.

Zakljucki. Pojavnost SIBO pri bolnikih, pri katerih
je bila opravljena subtotalna in totalna gastrektomija,
je zaskrbljujoce visoka in znasa 29 oziroma 30 %.
SIBO se pogosteje pojavlja pri bolnikih z rakom
zelodca zaradi spremenjenih fizioloskih obrambnih
mehanizmov, z rakom povezane kaheksije in pre-
hranskih motenj. SIBO dodatno poslabsa in poslabsa
mehanizme, ki jih sprozijo operacija ter kemotera-
pija in radioterapija, zaradi ¢esar se pogosteje in
zgodnejse pojavijo znaki pomanjkanja mikrohranil
in klini¢ni znaki. Pojavnost SIBO je trenutno podce-
njena, kar je povezano z razvojem sistemskih zaple-
tov, malabsorpcije in njenih posledic. Rezultati nase
studije potrjujejo, da je nujna sistemati¢na obravnava
SIBO pri bolnikih po totalni in subtotalni gastrekto-
miji, pri katerih Ze obstaja veliko tveganje za poope-
rativno presnovne pomanjkljivosti in zaplete; na
taksen nacin bi lahko bistveno izboljsali rezultate
zdravljenja ter preprecili razvoj kratkorocnih in dol-
goroc¢nih zapletov.
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INTRODUCTION

Gastric cancer is the third leading cause of cancer
death and fifth most prevalent worldwide, with a hig-
her incidence in Asia, Central and South America
and Eastern Europe, and a lower incidence in North
America and Africa (1-3). All parts of the organ from
the gastroesophageal junction to the pylorus may be
affected and it has already been reported that some
cancers are associated with infection by specific bac-
teria (3, 4). H. pylori is identified as an infectious
agent related to carcinogenesis by inducing DNA
mutation and causing chronic inflammation which
may progress from atrophic gastritis to intestinal me-
taplasia, dysplasia, and gastric adenocarcinoma (3, 5).
In recent decades, the incidence of gastric cancer has
been declining due to the treatment of Helicobacter
pylori infection and due to earlier detection and new
treatment options ().

Gastrectomy with or without lymphadenectomy and
reconstruction of the gastrointestinal tract represents
the mainstay of treatment for gastric carcinoma (3).
The ongoing process in oncological gastric surgery
has led to increased patient survival rates and impro-
ved quality of life, however after surgery, the five-year
survival rate remains around 45%, with perioperative
chemotherapy improving that rate only around 10%
(3, 7). Improved cure rates for gastric cancer have
increased focus on diseaserelated complications, deve-
lopment of health-related complications due to diffe-
rent treatment modalities and quality of life (HR-QL)
in survivorship (2, 8, 9). Even so, nowadays efficient
curative treatment for gastric carcinoma is still lac-

king (3, 5, 10, 11).

Despite considerable advances in gastric cancer sur-
geries the underestimated incidence of malabsorp-
tion, small intestinal bacterial overgrowth, and the
consequences due to the surgery itself significantly
reduce the quality of patient care, affect the incidence
of postoperative and metabolic complications, irre-
spective of the type of surgical resection (10). Malnu-
trition may trigger weight loss, muscle mass reduction,

and essential nutrient deficiencies, it increases the
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risk of tumour recurrence thus detrimentally impac-
ting patients’ quality of life and prognosis (10). In
addition, gut and pancreatic insufficiency represent
modifiable targets in the interdisciplinary approach
to recovery of HR-QL (10).

Micronutrient deficiencies are also prevalent after ga-
stric surgery, as functional and anatomical modifica-
tion because surgical resection and reconstruction
impact their absorption (10). Surprisingly, these defi-
ciencies appear to be similarly prevalent in patients
who have undergone surgery, with iron, vitamins A,
B1, B12, D and E deficiencies commonly observed
in up to 78,3% of patients (10). Recognizing and trea-
ting the distinct consequences associated with each
type of deficiency underscores the importance of im-
plementing preventive measures, early detection, and
prompt management (10).

It remains to be elucidated whether changes in the
gastric and gut microbiome have a role in gastric car-
cinogenesis or are a consequence of the surgery and
tumour evolution (3). It was suggested that colonizing
the stomach with commensal bacteria from other
parts of the gastrointestinal region could promote ga-
stric carcinogenesis associated with H. pylori (11). In
animal models’ gastric colonization with altered inte-
stinal microbiota was correlated with pathology,
immune responses, and mRNA expression for proinf-
lammatory and cancer-related genes (11). Different
composition of gastrointestinal microbiota is probably
connected to different responses to H. pylori infec-
tion as well as to different pathological reactions and
immunology status (11). The gut microbiome affects
many types of cancer as well as gastric carcinoma ca-
cinogenesis and the response and prognosis of gastric
cancer treatment (3). The importance of the gut mi-
crobiome for the interactions between cancer and
immunity is gaining attention, along with possible
new treatment options targeting changed microbiota
composition (7, 11).

The predominant phyla in normal gut microbiota are
Bacteroidetes (19,7%), Firmicutes (40%), Actinobac-
teria (20%) and Proteobacteria (2,15%) (12-14). Small
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intestinal bacterial overgrowth (SIBO) is a type of
dysbiosis and a clinical condition, which is characte-
rised as an excess number of colon-dominant bacteria
in the small intestine, responsible for digestive symp-
toms such as bloating, abdominal pain, nausea, and
diarrhoea (15-18). The suggested pathophysiologic
mechanisms of SIBO in abdominal surgery include
changes in anatomical features, such as adhesions
after surgery, influx of substances in the intestine

and changed gastric acidity (2, 19, 20).

Our study aimed to evaluate the exact incidence of
SIBO after resections of the upper gastrointestinal
tract due to gastric carcinoma and evaluate the pre-
sence of symptoms, comorbidities, and eating patterns
in patients with and without SIBO. The goal of this
study is to present the importance of diagnosing and
treating SIBO after gastrectomy to prevent short- and
long-term complications and improve the prognosis

and quality of life.

METHODS

Study design

Observatory randomised analytical cross-sectional
study was performed at University Medical Centre
(UMC) Ljubljana between January 2021 and June
2022. Of the 37 patients included in the study, all
had had a glucose hydrogen (H,) breathing test (BT)

and filled out the Questionnaire.

This study was approved by the Slovenian Republican
Committee for Medical Ethics (national ethics com-
mittee) under the number 0120-515/2020/3, by Me-
dical Faculty Ljubljana and UMC Ljubljana. All pro-
cedures performed in the study involving human par-
ticipants were by the ethical standards of the institu-
tional and/or national research committee and with
the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards.

Participants

Patients included were adults (> 18 years old), who
had surgical resection of gastric carcinoma, being
subtotal or total gastrectomy between January 2017
and June 2022, with or without gastrointestinal symp-
toms that signed the free consent form. We excluded
patients who were incapable of preparing, executing
or finishing the study, were using antibiotics, proki-
netics and/or laxatives in the past two weeks and had
basal concentration of I, at the start of the IL,BT in
two different measures, 20 minutes apart, > 10 parts

per million (ppm).
Glucose Hydrogen Breathing Test

Participants were instructed to ingest a low-fermenta-
tion diet 24 hours before the exam and to avoid smo-
king and physical activity on the day of the exam.
Participants fasted overnight (12 h) and during the
H, BT. At the start of the test, a basal sample of expi-
red air was collected using an H,BT device (Lacto-
fan 2 Fischer®, Leipzig, Germany). The results were
expressed as ppm. If the first measure (basal concen-
tration) of I, was < 10 ppm, the participants ingested
25 g of glucose diluted in 200 mL of water. Every 20
min, in total of 120 min, 6 expired air samples were
collected. An elevation of more than 12 ppm accor-
ding to the basal value, within 120 min was deemed
to be a positive result, indicating SIBO.

Questionnaire

Demographic and anthropometric data (age, gender,
weight, educational level, socioeconomic status, time
after surgery), symptoms and comorbidities (adjusted
The Gastrointestinal Symptoms Rating Scale Que-
stionnaire and adjusted SIBO Questionnaire), eating
patterns (frequency of meals, snacks, breakfast, refi-
ned sugars, vegetable, fruit, fast food, and starch),
treatment with (neo) adjuvant chemo/radiotherapy
and quality of life (36-Item Short Form Survey (SF-
36) Questionnaire) were analysed with the Question-

naire.
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Table 1. Characteristics of patients according to positive or negative postoperative breath tests

Variable Positive breath test (n = 11) | Negative breath test (n = 26) | p
Age (years) 50,2 + 11,3 64,2 + 11,3 0,272
Women (n, (%)) 5 (45,5 %) 8 (30,8 %) 0,465
BMI (kg/m?) 24,0 + 4,3 234 + 34 0,654
Education level 3,01 + 1,38 4,15+ 1,35 0,523
SE status 591 + 1,97 6,08 + 1,92 0,851
Time after S (months) 15,8 + 14.9 28,8 + 20,7 0,056
No complications (%) 90,9 76,9 0,649

The variables are expressed as mean + SD (standard deviation); n (%) represents the number and percentage of
variables. Statistical analysis was done using Mann-Whitney U and Fisher exact tests; p < 0,05
BMI - body mass index, S - surgery, SE - socioeconomic status

Surgical procedures

Surgical procedures were open or laparoscopic stan-
dard subtotal or total curative gastrectomy with lymp-
hadenectomy performed by experienced surgeons
with mainly Roux-en-Y reconstruction of the digestive
tract.

STATISTICAL ANALYSIS

For statical analysis, categorical variables were expres-
sed as number of participants and percentage (%) and
numerical variables were expressed as mean value +
standard deviation. Categorical variables were analy-
sed using the Chisquare test and Fischer exact test,
depending on sample size. Numerical variables were
analysed with a nonparametric test in case of non-suf-
ficient sample size and with a parametric Student’s
ttest in the case of sufficient sample size. The Spear-
man correlation was used for small observed group
statistical analysis. A 95% confidence interval was cal-
culated and a p-value < 0,05 was considered statisti-

cally significant.
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RESULTS

Characteristics of the population.

Out of 37 patients, 7 underwent subtotal gastrectomy
and 30 underwent total gastrectomy, 24/37 (65,9%)
were male and 13/37 (35,1%) were female. Mean
age was 62,076 + 11,36 years (range 33-81 years),
mean body weight was 72,927 + 12,42 kg (range
52-100 kg), mean BMI was 23,589 + 3,62 kg/m2
(range 15,8-34,6 kg/ m?), mean level of education
was 2 (range 1-0), mean time after surgery was

24,956 + 19,88 months (range 1,00-96,00).

Incidence of SIBO and Factors Associated
with SIBO

Glucose H, BT was positive in 2/7 (29%) and nega-
tive in 5/7 (71%) patients after subtotal gastrectomy.
Glucose H, BT was positive in 9/30 (30%) and nega-
tive in 21/30 (70%) patients after total gastrectomy.
Characteristics of patients according to positive or
negative postoperative BT are presented in Table 1.
Symptoms according to positive and negative BT are

presented in Table 2.
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Table 2. Symptoms according to positive and negative postoperative breath tests after total and subtotal gastrectonmy

Variable Positive breath test (n = 11) | Negative breath test (n = 26) | p
Chronic pain 2,27 + 1,85 2,27 + 2,38 0,795
Diarrhoea 1,82 + 1,33 2,42 + 2,04 0,435
Frequent defecation 2,18 + 0,60 1,98 + 0,65 0,320
Obstipation 2,00 + 2,72 1,54 + 1,17 0,853
Floating stools 1,45 + 0,52 1,77 + 0,43 0,065
Abdominal cramps 2,23+ 1,51 2,27 + 2,38 0,580
Flatulence and bloating 6,18 + 3,40 4,42 + 2,67 0,107
Nausea 2,00 + 1,79 1,85 + 1,74 0,447
Vomiting 1,00 + 0,00 1,77 + 1,68 0,087
Belching 4,00 + 3,35 2,65 + 2,23 0,413
Loss of appetite 1.91 + 2,39 2,31 + 2,59 0,773
Bloating 4,27 + 3,26 3,46 £ 2,55 0,465
Fever 1,00 = 0,00 1,00 + 0,00 NA
Joint pain 1,82 + 1,83 2,69 = 2,19 0,162
Fatigue 3,05+ 3,10 3,54 + 2,97 0,605
Skin lesions 1,64 + 1,80 1,57 + 1,45 0,942
Confusion and memory loss 1,73 + 1,35 2,04 + 2,01 0,789
Nausea with belching 2,00 + 1,73 2,50 + 2,10 0,399
Flatulence 2,5+ 1,6 2,3+ 1,0 0,524
Belching after meals 1,91 + 1,51 2,04 + 1,48 0,786
Pain and bloating 1,18 + 1,54 1,40 + 1,34 0,490
Obstipation 0,46 £ 1,21 0,46 + 0,95 0,627
Diarrhoea and obstipation exchanging | 0,36 + 0,92 0,31 + 0,68 0,817
Diarrhoea and obstipation 0,27 + 0,65 0,31 + 0,55 0,657

The variables are expressed as mean + SD (standard deviation). Statistical analysis was done using Student’s t-test

Neo (adjuvant)
chemotherapy/radiotherapy

17/37 (45,9%) patients had neoadjuvant chemothe-
rapy, 4/37 (10,8%) had neoadjuvant radiotherapy,
16/37 (43,2%) had adjuvant chemotherapy and 4/37
(10,8%) had adjuvant radiotherapy.

DISCUSSION

The main treatment for gastric cancer remains surgery
that consists of gastric removal with/without lymp-
hadenectomy and reconstruction of the gastrointesti-
nal tract (3). Nowadays effective treatment is still lac-
king, with curative intent of gastric resections being
nearly 50% with neoadjuvant therapy contributing to
an improved survival rate up to 10% (3, 21). Although
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gastrectomy aims to achieve radical resection of the
primary tumour and the lymph nodes, it has been
indicated that surgery, especially Roux-en-Y anasto-
mosis affects gastrointestinal microbiota in diversity
and community composition (15, 20, 22-24). Patients
with gastrectomy are at higher risk of developing type
IT diabetes and metabolic syndrome, as well as de-
veloping metachronous cancer, including colorectal
cancer (3). Additionally, the importance of the altered
gut microbiota composition for the interactions bet
ween cancer and immunity is gaining attention, along
with a further introduction of immunotherapies into
clinical practice (3). Finally, despite significant pro-
gress in the field of gastric surgery, postoperative mal-
nutrition with weight loss, muscle mass reduction,
and essential nutrient deficiencies is detrimentally
impacting patients’ quality of life and prognosis (10).
Therefore, new strategies to find effective treatment

fOI‘ gastric carcinoma are necessary.

It 1s known that some cancers are associated with
infection by specific bacteria, for example, Helicobac-
ter pylori, which has been found to contribute to the
development of MALT lymphoma and gastric cancer
by causing chronic inflammation (3). Gastric micro-
biome compromises a population of its own and it
has been reported that H. pylori-infected in compari-
son to non-infected individuals exhibited significant
differences between gastric bacterial communities (3,
21). In non-infected or with proton pump inhibitors
treated patients, luminal microbiota consists of Fir-
micutes, Bacteroidetes, Actinobacteria, and Proteo-
bacteria (3). Mucosal microbiota mainly consists of
acid-resistant species, such as Veillonella, Lactobacil-
lus, and Clostridium (3), while in H. pylori-infected
patients Streptococcus, Neisseria, Staphylococcus, and
Roche were also identified (3, 25). It was suggested
that colonizing the stomach with commensal bacteria
from other parts of the gastrointestinal region could
promote gastric carcinogenesis associated with H.
Pylori (3). Microbiota in gastric carcinogenesis are
changed in a way there is an increase in the functional
characteristics of nitrosing, an aspect compatible with

the microbial community with increasing genotoxic
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potential (3). This later implies the response and pro-
gnosis of gastric cancer treatment (3).

The historical and empirical safety limit of gut shor-
tening procedures has been mainly based on main-
taining absorptive physiological functioning of the
gastrointestinal tract based on the lack of threatening
clinical malabsorption features (26). However, gut
shortening is related to impaired resorptive function
due to withdrawal and/or exclusion of the part of the
digestive tract where micronutrient resorption and
altered absorption surfaces occur under physiological
conditions (26, 27). Gastric resection and reconstruc-
tion lead to prominent changes in oxygen availability,
intestinal pH, gastric acid secretion, food transit time,
intestinal motility, and hormonal activity, atfecting
the microbiome and faecal metabolism (3). These sig-
nificant changes in the intestinal environment could
lead to the growth of certain species. Gut microbiota
in patients after gastrectomy consists of different mi-
crobiome composition and metabolite profiles com-

pared to the control group (3).

The altered gut microbiome affects many types of
cancer and can also affect gastric carcinoma carcino-
genesis and the response and prognosis of gastric
cancer treatment (3). Surgery for gastric carcinoma
influences the postoperative composition of the gut
microbiome, in particular, distal gastrectomy is rela-
ted to the great abundance of Escherichia/Shigella,
Veillonella, and Clostridium XVIII and Bacteroidetes
in lower quantities (28). Faecal microbiota alterations
may be connected to different responses to H. Pylori
infection, especially alterations in the Bacteroidetes,
Firmicutes and Proteobacteria phyla may be implica-
ted in the progression of gastric lesions associated

with H. pylori infection (29).

The altered gut microbiota could be applied in gastric
carcinogenesis through immunomodulation, and it
may as well affect the effectiveness of chemotherapy
in patients with gastric carcinoma (3). Qui et al sho-
wed a correlation between intestinal dysbiosis in gas-
tric cancer patients to peripheral cellular immunity

with CD3+T cells being linked to the relative abun-
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dance of Lactobacillus and Streptococcus, while CD3+
T cells, CD4+ T cells, and NK cells are linked to
Lachnospiraceae (30). These findings may suggest
that Lachnospira and Lactobacillus may play vital
roles in the alterations to the intestinal microbiota in
gastric cancer patients and could be important targets
for restoring the homeostasis of the intestinal bacte-
rial community (30). Excessive amounts of the meta-
bolic products of these bacteria characteristic of SIBO
are associated with the extent of clinical signs in pa-
tients before and after gastrectomy, with an important
impact of increased butyrate production.

The high prevalence of SIBO in patients who under-
went gastrectomy has been reported, ranging from
15-83%, even reaching up to 96,2% in symptomatic
patients after subtotal and total gastrectomy (31).
Dysregulated intestinal microbiota in SIBO could be
related to carcinogenesis by promoting inflammation
which in the preoperative period contributes to the
burden of disease with impaired peripheral cellular
immunity (3). Inflammatory mediators due to the
altered microbiome could facilitate cell proliferation,
mutagenesis, angiogenesis, and oncogene activation
related to gastric cancer but also other types of cancer
such as metachronous liver, pancreatic, colon, oesop-
hageal and pulmonary cancers (32). The candidate
mechanism to promote carcinogenesis is cell prolife-
ration via the activation of NF-xB and the inhibition
of cellular apoptosis. Another important aspect is the
relationship between gastric resection into the impair-
ment of the oral microbiota and a consequent abun-
dance of P. gingivalis and Aggregatibacter actinomy-
cetemcomitans (A. actinomycetemcomitans), associa-
ted with a decreased relative abundance of Fusobac-
terium and its genus Leptotrichiae, which are con-
nected to the increased risk of pancreatic cancer via
cytokine signalization and receptor degradation (33).

In this present study we have found that in the co-
hort of symptomatic and asymptotic patients, SIBO is
present in 29% of patients after subtotal gastrectomy
and in 30% of patients after total gastrectomy, which
is similar to the data found in the literature. We are
aware that our study could have underestimated the

incidence of SIBO after such surgery procedures as
we have used lower amounts of glucose (25g) to avoid
developing dumping symptoms in our patients, with
most of the other studies having used higher amounts
of glucose, ranging from 50-75 g. We conclude that
the incidence of SIBO after total and subtotal gastrec-
tomy is worryingly high and therefore necessary to
address its diagnostics in such patients.

Surgical resection of the gastrointestinal tract changes
its normal anatomy and leads to certain anatomical
and physiological changes, which in turn may predi-
spose to SIBO (20, 26, 34). Development of the blind
loop after gastric reconstruction is such an anatomical
change, although the literature on blind loop predi-
sposing to SIBO is contradictory (26, 35). Another
reason connected to developing SIBO after surgery
is the delayed action of bile acids on the gastrointe-
stinal tract due to the reconstruction and with it loss
of their antimicrobial function (20). Other potentially
important anatomic or physiologic mechanisms are
also strictures, adhesions, reduced small bowel moti-
lity, gastroparesis, neuropathy, impaired transit time,
impaired gastric acid secretion and impairment of
immunological mechanisms (9, 20, 24, 26, 35). After
all, systemic treatment such as the use of (neo)adju-
vant chemo-radiotherapy which could harm the mu-
cosa barrier either through direct effects or by causing
diminished intestinal blood circulation could predi-
spose to SIBO (36). Due to the bidirectional connec-
tion of the portal vein between the intestinal microbi-
ome and the liver, intestinal dysbiosis can also affect
the progression of liver disease to liver cirrhosis and
its complications via the impairment of the so-called

gut liver axis (37-39).

New therapies for gastric cancer have been developed
recently, targeting gut microbiota, which has already
been approved by FDA (3). It is proposed that the mi-
crobiome may have a role in cancer treatment with
multiple mechanisms responsible for antineoplastic
effects by which the bacteria could exert anticancer
effects. In general, bacteria exhibit anticancer activity
through four major mechanisms including improving

the host immunity; decreasing the required tumour
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metabolic and proliferation factors; biofilm formation
and colonizing into the tumour; using as a target de-
livery vehicle and releasing relevant substances (40).
Immunotherapy for gastric cancer based on immune
checkpoint inhibitors (nivolumab, pembrolizumab)
can be introduced in patients with high levels of mi-
crosatellite instability and/or mismatch repair gen
and high tumour mutational burden, HER2 positive
combined with trastuzumab (3). The introduction of
immunotherapy to standard protocols of chemothe-
rapy treatment for gastric carcinoma has an additional
impact on the altered microbiota in the gastrointesti-
nal tract, including both the altered microbiota in the
gastric remnant after subtotal gastrectomy and the
altered microbiota in the jejunum and ileum, as well
as the oral microbiota (3). The literature also reveals
that pre- and postoperative probiotics contribute to
gut microbiota homeostasis with reduction of inflam-
mation, maintenance of the intestinal barrier and im-

proved immunity (3, 41).

Changes after gastric cancer surgery also have impli-
cations for postoperative nutrition. In the modern
era, the prospects of cure and prolonged survivorship
have improved in patients with gastric cancer, that
are treated with curative intent and where radical
resection is possible (22). As survivorship increases,
other issues than oncologic outcomes must be consi-
dered in long-term follow-up, including nutritional
well-being, which has an important influence on the
prognosis (22). Maintaining body weight after upper
gastrointestinal cancer surgery is a recognized signi-
ficant challenge, but despite the prevalence and impor-
tance of weight loss, the incidence, severity, and spe-
cific causes of malabsorption are not well understood

(22).

Malnutrition prevalence varies across different tumour
sites ranging from 80-85% in pancreatic cancer, up
to 74% for gastric cancer and 30-60% in colorectal
cancer (10, 34, 42). Studies revealed before major
gastric cancer surgery approximately 80% of patients
with esophagogastric cancer experience significant
weight loss and up to 27% of patients are already mal-
nourished (10). Cancer-related sarcopenia (i.e., low
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muscle quantity and quality) contributes indepen-
dently to the rate of postoperative complications and
overall survival in gastric cancer (10). A grading sys-
tem based on BMI and per cent weight loss (% WL)
among cancer patients has shown that patients with
higher % WL and lower BMI have notably shorter
median survival, increased rate of surgical and non-
surgical complications and prolonged hospitalization
(10). Malnutrition also impacts neoadjuvant treatment
being an independent predictor of chemotherapy
dose-reduction of toxicity as malnourished patients

are more likely to have their starting chemotherapy

dose reduced from standard published dose (10, 42).

Malnutrition is connected to a variety of mechanisms
due to local and systemic aspects of gastric carcinoma.
Locally advanced disease is related to early satiety,
therefore reduced intake of food, vomiting and ana-
emia due to bleeding and nutrient deficiency (10).
Systemically, proinflammatory cytokines and chronic
inflammation, lead to muscle wasting, and metabolic
dysregulation with additional weight loss, known as
cancer-induced cachexia (42). Neo-adjuvant chemo/
radiotherapy combined with psychosocial factors rela-
ted to cancer (i.e., fear, anxiety, depression) also con-
tribute to additional weight loss (10, 42). Another
possible and potentially treatable cause of malnutrition
is the possibility of developing complications, such

as small intestinal bacterial overgrowth (SIBO) (34).

The type of surgical reconstruction influences the de-
velopment of micronutrient deficiency (6). It is the
passage of food through the duodenum that appears
to influence the micronutrient deficiency (6). After
surgery reconstruction there is an accelerated passage
of the contents through the gastrointestinal tract as
well as diminished gastric acid availability in the
small intestine due to the accelerated passage (10).
The most commonly described deficiencies are iron
(40-70%), copper and zinc (10-75%) (10), as well as
calcium deficiency, due to several mechanisms, which
include insufficient dietary intake, decreased dissolu-
tion of calcium salts due to hypochlorhydria and vita-
min D deficiency (10). Calcium deficiency is one of

the main causes of bone disorders following gastrec-
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tomy (10). 75% of patients have diminished phosphate
levels due to insufficient intake, bypass of the gastric
absorption site, and vitamin D deficiency (10).

The jejunum and ileum are key absorption sites for
fat-soluble vitamin, which includes vitamin A, D, E
and K (6, 10). Undergoing gastrectomy patients are
at risk of developing A, D and E deficiency (6, 10).
After a total gastrectomy, there is an increased risk of
lowered bone mineral density, probably due to vita-
min D deficiency (10). Vitamin B, deficiency post-
surgery is reported up to 49% resulting in duodenal
and proximal jejunal exclusion as the primary absorp-
tion area (10). Vitamin B,, deficiency affects around
one-third or more patients and is causing permanent
megaloblastic anaemia. Folate deficiency also leads to
megaloblastic anaemia and is far less common due to
absorption across the entire small intestine (10). At
lower incidence of B,, deficiency due to absorption

across small intestinal areas (10).

Long-term changes in bowel function after gastric
cancer surgical resection are common and are con-
nected to decreasing the patient’s quality of life (2).
Also, altered microbiome pre- and post-surgery and
neoadjuvant treatment contribute to the onset of cli-
nical symptoms such as pain, diarrhoea and malab-
sorption, additional weight loss and cancer and mal-
nutrition-related cachexia which is connected to poor
life prognosis (2). Depending on which gastrointesti-
nal functions are altered, a variety of different symp-
toms can present (4.3). Symptoms that are common in
patients with SIBO condition are non-specific, such
as non-specific abdominal pain, bloating, flatulence,
obstipation, diarrhoea, malabsorption, and conse-
quent unintentional weight loss (31). Non-specific
abdominal symptoms are common after surgical re-
sections of the upper gastrointestinal tract in patients
with and without SIBO condition and they often trig-

ger extensive diagnostic evaluation (31).

Caretful evaluation of clinical symptoms in patients
after total and subtotal gastrectomy presented, pa-
tients are more likely to manifest certain symptoms

of SIBO. Besides, this study found that the symptoms

were poor predictors of SIBO, as the symptom profiles
were similar between SIBO negative and SIBO po-
sitive groups. We found that none of the symptoms
were more frequent in the case of SIBO in sympto-
matic and asymptomatic patients after total and sub-
total gastrectomy. In addition to the above, the reco-
gnition of symptoms in patients may also be subject
to the patient’s attitude towards knowledge of post-
surgical complications. The extent to which the pa-
tient experiences these clinical symptoms certainly
depends on the degree of symptom presence, know-
ledge of possible post-surgical complications, and as-
sessment of quality of life. Targeted symptom-finding,
considering the necessary nutritional treatment, could
significantly improve treatment outcomes and also
allow patients greater access to adjuvant treatment.

Literature reveals that symptoms are poor predictors
for SIBO as most of the research did not find any
connection to certain symptoms, with most of the re-
search on symptomatic patients after RYGB surgery
for morbid obesity treatment ((15, 18, 44)). Increa-
sing evidence of microbiota involvement in different
pathologies and disease burden offered new evidence-
based data connecting gastric carcinoma and micro-
biota involvement (44). Besides, the characteristics
of the microbial community play key roles as poten-
tial biomarkers and predictors of responses in cancer

therapy (44).

Paik et al have found that abdominal fulness and
borborygmus during glucose BT are positive predic-
tive factors for SIBO (23). It is hard to compare their
study with ours as we were trying to find the pretest
symptoms that would help diagnose SIBO and not
symptoms that are present during glucose BT. Paik
et al suggested that SIBO could be associated with
postprandial intestinal symptoms (23). Liang et al
have proved that SIBO is connected to the severity
or intensity of symptoms in patients with gastric can-
cer, also described and postulated with some other
research groups; results are limiting due to a small
number of included patients, poor description of
observed groups or limited to SIBO detection preope-
ratively (36). Therefore, we have come to the conclu-
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sion that none of the pretest symptoms is connected
to SIBO atter total and subtotal gastrectomy, therefore
having a glucose BT is necessary for such patients.
Regarding Paik et al and Liang et al, it is possible
that SIBO-positive patients have a higher intensity of
symptoms or that their symptoms are more severe
postprandial, but more research is needed to prove

this hypothesis.

The integrity of the intestinal mucosa barrier is da-
maged by chemotherapy and radiotherapy used in
treatment protocols for gastric cancer either through
direct effects on the epithelial stem cell compartments
or by causing diminished intestinal blood circulation
(36). Both mechanisms provoke ischemic hypoxia re-
sulting in the activation of the xanthine oxidase and
subsequently oxygen-free radical production (36). The
ionizing radiation triggers intestinal cell necrosis, and
consequent reduced function and survival of entero-
cytes (30). Ettects of chemo/radiotherapy therefore
result in making enterocytes less capable of counter-
acting bacterial growth and invasion (36).

In this present study, we have not found statistically
significant differences between SIBO positive and ne-
gative groups in treatment with (neo)adjuvant chemo/
radiotherapy. To the best of our knowledge, this is
the first research to have analysed the influence of
chemo/radiotherapy treatment on SIBO in post-ga-
strectomy treatment. In terms of explaining the phe-
nomenon, the data presented here would be signifi-
cantly more relevant if patients were tested preope-
ratively and, secondly, if the microbiome of positive
patients was analysed. We need to conclude that more

research is needed to find out whether there is a con-
nection between SIBO to dose and type of chemo/ra-

diotherapy and any other correlation.

SIBO is a well-known cause of malabsorption and
malnutrition; given the explained altered physiologi-
cal circumstances after subtotal and total gastrectomy
and the proven metabolic disturbances in the SIBO
state, we expect a more rapid occurrence of deficien-
cies of minerals and some vitamins, especially those
whose key resorption or mechanisms take place in the
duodenum. Accelerated passage of contents through
the alimentary canal and triggering factors influen-
cing the exacerbation of SIBO further exacerbate me-
tabolic deficiencies; the introduction of antimicrobial
agents for SIBO-related clinical signs may further
exacerbate or mask the often-combative clinical signs.
In addition, in the presence of SIBO, due to the ra-
pid passage of the contents through the gastrointesti-
nal tract, lower plasma levels of chemotherapeutic
agents can be expected in patients treated with oral
chemotherapeutic agents in adjuvant treatment regi-
mens, thus blunting the otherwise reasonable chances
of a complete response to treatment. It should also
be noted that the recognition of SIBO in the early
postoperative period is also underestimated because
of the altered dietary regimen that might explain the
appearance of certain clinical signs. Literature reports
that up to 74% of post-gastrectomy patients have a
BMI<18,5 kg/ m? and up to 58% have hypoprotei-
naemia and albuminemia (< 3,5 mg/dl) ((34, 45)).
Aisa et al have found a trend towards lower levels of
prealbumin and vitamin D, although the differences
were not statistically significant (46). Extended meta-

Table 3. (Neo)adjuvant chemo/radiotherapy and antibiotic treatment according to positive and negative breath test

Variable Positive breath test (n=11) | Negative breath test (n=26) | p
Chemotherapy before S 1,455 + 0,52 1,577 + 0,50 0,501
Chemotherapy after S 1,364 + 0,50 1,654 + 0,49 0.108
Radiotherapy before S 1,909 + 0,30 1,885 + 0,33 0,829
Radiotherapy after S 1,818 + 0,40 1,924 + 0,27 0,354

The variables are expressed as mean + SD (standard deviation). Statistical analysis was done using the Mann-Whitney

U test and Fisher exact test
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bolic screening of patients has not been introduced
in clinical protocols for postoperative follow-up, which
could also account for the high incidence of late me-
tabolic complications after gastrectomy.

In this present study SIBO positive and SIBO nega-
tive patients did not have important different eating
patterns as eating profiles were similar in both groups.
It is possible that eating patterns do not differ and
that SIBO is one of the possible and treatable causes
of malabsorption and malnutrition in patients after
surgical removal of the gastrointestinal tract due to
gastric cancer. Despite the rapid passage of contents
through the gastrointestinal tract due to the tailored
formula, ONS dietary treatment could have delayed
the onset of metabolic disturbances; most patients in
the observation group were prescribed preformulated
formulas, but precise data on the actual consumption
of fortified foods could not be obtained. At the same
time, prescribing tailored nutritional formulas allows
the patient to be able to resorb vitamins, minerals,
and trace elements in a tailored way, which should
be taken into account at least in the early postopera-
tive period, until the adaptive environment has fully

developed.

In conclusion regarding the high incidence of SIBO
after total and subtotal gastrectomy, and its causal in-

volvement in malabsorption and malnutrition it is
necessary to diagnose and treat SIBO in such patients.
Additional studies are needed to understand the ex-
act connection between SIBO, malabsorption and its
consequences in patients after gastrectomy and the
impact of SIBO on the schemas of neoadjuvant treat-
ment protocols for improved survival and QL.

The strength of this study is its focus on the connec-
tion between SIBO and surgical removal of the ga-
strointestinal tract after gastric cancer as this remains
the mainstay treatment in these patients. We demon-
strated the high incidence of SIBO after surgical re-
sections for gastric carcinoma and mandatory early
diagnosis and treatment.

The study had several limitations. First is the small
number of participants, included in the study, but
the interpretation of our results was based on signifi-
cant data from the literature, therefore the importance
of our study is increased even with the small cohort.
The second limitation is the lack of a standardized
methodology for diagnosing SIBO. The gold standard
is a jejunal aspiration, which is very invasive and is
therefore not suitable for our patients. The third Ii-
mitation is the dose of glucose used for BT. In our
study, we used 25 of glucose, because we wanted to
avoid dumping symptoms in our patients. In the lite-

Table 4. Eating patterns according to positive and negative postoperative breathing tests after total and subtotal gastrectony

Variable Positive breath test (n = 11) | Negative breath test (n=26) | p
Meals per day 4,636 + 1,21 4,750 + 0,97 0,958
Snacks per day 1,727 + 1,01 2,000 + 1,23 0,395
Sugars (n, (%)) 0 (0,0) 2(7,7) 0,744
Eating bread (n, (%)) 9 (81,8 %) 20 (80,0%) 1,000
Drinking coffee (n, (%)) 1(9,1) 15 (57,7) 0,010*
Normal appetite 2(22,2) 5(19,2) 1,000
Fibres worsens symptoms 0,364 + 0,67 0,2692 + 0,83 0,300
Eating starch often 1,273 + 1,49 1,423 + 1,37 0,091
Starch worsens symptoms 0,546 £ 1,21 0,423 + 0,95 0,808
Quit eating starch 0,636 £ 1,21 0,654 = 1,02 0,938
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rature, the glucose doses used in BT for the diagnosis
of SIBO ranged from 25 to 100 g (15). There is a lack
of standardization, but the North American consen-
sus of 2017 suggests that a dose of 75 g of glucose
appears to be the most practical dose for diagnosing
SIBO (47). On the contrary, the European guideline
on indications, performance, and clinical impact of
hydrogen and methane breath tests in adult and pae-
diatric patients of 2021 has suggested that this large
dose is commonly associated with false positive dia-
gnoses of SIBO (48). We are aware that due to smaller
amounts of glucose, we could underestimate the pre-
valence of SIBO. The fourth limitation is that due to
the study design, we did not have data on SIBO pre-
valence before surgical resection. The last limitation
of our study is that we did not exclude patients with
co-existing conditions, such as diabetes mellitus, con-
nective tissue disease, chronic pancreatitis, thyroid
disease, liver disease and some others that may be

connected higher incidence of SIBO in our patients.

CONCLUSION

The incidence of SIBO in patients who underwent
total and subtotal gastrectomy for gastric carcinoma
is worryingly high, 30 and 29% respectively. The inci-
dence of SIBO after total and subtotal gastrectomy is
currently underestimated. SIBO is connected to syste-
mic metabolic complications and their consequences.
Symptoms are a poor predictor for SIBO, as the
symptom profile is similar between SIBO positive
and SIBO negative groups, therefore the diagnosis
cannot be made based on clinical symptoms. Glucose
BTs are useful and inexpensive tools for diagnosing
SIBO but there is an urgent need for standardization.

The results of this observational study confirm there
is an urgent need to systematically address SIBO
after surgical resections of the gastrointestinal tract
due to gastric cancer in subtotal and total gastrectomy
to affect the clinical outcome and prevent the deve-
lopment of complications. Besides, SIBO as a clinical
entity is implicated in the occurrence of gastric cancer,
so there is also a diagnostic entity for disease confir-

mation and post-operative follow-up.
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