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Introduction

Small intestinal bacterial overgrowth (SIBO) is character-
ised by a change in the number/type of bacteria within the 
small intestine and is a common feature of patients who have 
undergone gastroesophageal reconstruction.1 Symptoms of 
SIBO are characterised as non-specific and range from bloat-
ing to malnutrition. The aim of the current study is to deter-
mine the prevalence of SIBO in oesophagogastric cancer 
(OGC) resected patients and to investigate the impact of 
this disorder on gastrointestinal (GI) symptoms and HRQoL.

Methods

Patients who had previously undergone oesophagectomy 
(n = 30) and gastrectomy (n = 15) for gastroesophageal 
cancer, regardless of current GI symptoms, were recruited. 
Inclusion criteria were age ≥ 18 years, ≥ 1 year after surgery 
and free from disease recurrence at the time of assessment. 
Participants unable to provide informed written consent, 
suffering from liver disease, active infection, diabetes or 
had received antibiotic therapy within the previous four 
weeks, were excluded. A standard glucose hydrogen breath 
test (GHBT) using the GastroGastro + breath analyser 
was performed in all patients to assess SIBO occurrence. 
Current digestive symptoms were assessed in all patients 
using validated questionnaires evaluating overall digestive 
health and quality of life. Statistical analysis was performed 
using GraphPad Prism (version 7.0, La Jolla, CA, USA), 
Chi-squared tests and T-tests were used for univariate com-
parisons between GHBT( +) and ( −) patients responses. A 
P-value < 0.05 was considered to be statistically significant.

Results

Of the 190 patients who were approached to participate in 
this study, 45 met the inclusion criteria (Table 1). SIBO is 
a significant clinical concern after foregut surgery as sup-
ported by the high incidence (73.5%) of SIBO( +) patients 
in the tested cohort. Rates of positive GHBT were equiva-
lent in patients who underwent oesophagectomy (73.33%, 
n = 22) and gastrectomy (73.33%, n = 22). Likewise, time 
since surgery, chemotherapy, alcohol consumption, smok-
ing, use of proton pump inhibitors, BMI and years from 
surgery did not significantly influence the data, suggesting 
that these variables were not confounding factors in the cur-
rent study. Mean digestive symptoms scores reported by the 
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EORTC-QLQ-C30, questionnaire, were not significantly dif-
ferent between GHBT( +) and GHBT( −) patients (Table 2). 

Within the EORTC-QLQ-C30 questionnaire, there was a 
non-significant trend towards greater ‘appetite loss’ amongst 
GHBT( +) patients (24.1 ± 31.9 vs. 9.1 ± 21.5; P = 0.160) 
(Table 2).

Discussion

The current study provides valuable new insights for SIBO 
after surgery for OGC. The high rate of suspected SIBO in 
GHTB( +) patients suggests that the burden of this condi-
tion is under reported after OGC surgery.1,2 Patient reported 
outcomes suggest that the manifestations of SIBO are non-
specific and include a range of symptoms that overlap with 
other digestive disorders .3

GHBT was used to diagnose SIBO in this study. Two 
principal breath tests have been developed for the diagno-
sis of SIBO: GHBT and lactulose HBT, the latter requiring 
the administration of lactulose as opposed to glucose.4 The 
low sensitivity that is seen with both the GHBT and LHBT, 
with LHBT having a lower specificity and sensitivity than 
GHBT for SIBO diagnosis,5 would tend to result in a higher 
false negative rate. This indicates that SIBO may in fact be 
underdiagnosed in populations assessed by these methods. 
Potential reasons for false positive results include colonic 
fermentation gas production and rapid intestinal transit.6. 
The possibility of underestimating SIBO( +) patients by the 
use of HBTs further supports that SIBO is a significant con-
cern upon OG resection, as SIBO prevalence might actually 
be greater than 73.5%.

In summary, this study (i) has demonstrated that SIBO 
does not exhibit specific clinical symptoms thus making its 
clinical diagnosis even more difficult and (ii) emphasised the 
need to determine appropriate guidelines for its assessment 
and treatment after OGC resection.
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Table 1  Demographics of post GI surgery participants

Fisher’s exact test was used to determine the P-value, except for (a) 
which was determined by Kruskal–Wallis test, (b) by chi-square test 
and (c) by Mann–Whitney U test. STDEV standard deviation, BMI 
biomass index, PPI proton-pump inhibitors

GHBT − 
n = 12

GHBT + 
n = 33

P-value

Sex (male:female) 10:2 27:6  > 0.999
Age 56.92 ± 16.87 70.94 ± 9.12 0.003a

BMI (kg/m2) 24.95 ± 5.65 24.43 ± 4.22 0.724 b

PPI usage 5 (55.56) 17 (51.52) 0.079
Smoking 0 1 (3.23)  > 0.999
Alcohol usage 5 (55.56) 21 (72.41) 0.306
Chemotherapy 9 (81.8) 28 (84.85) 0.661
Interval from surgery (years) 7.59 ± 2.71 7.89 ± 3.5 0.945b

Surgical technique
  Two stage oesophagectomy 6 (50.00) 14 (42.42)
  Three stage oesophagec-

tomy
2 (16.67) 8 (24.24)

  Subtotal gastrectomy 0 4 (12.12)
Total gastrectomy 4(33.33) 7 (21.21)  > 0.999

Table 2  EORTC QLQ-C30

Results are presented as mean ± standard deviation
1 Comparison across different patient groups was performed by t-test

All patients
n = 43

GHBT ( +)
n = 32

GHBT ( −)
n = 11

P  value1

Global health 
status

69.6 ± 19.4 69.1 ± 19.4 71.2 ± 20.2 0.227

Physical function-
ing

85.4 ± 17.4 83.5 ± 16.8 90.9 ± 18.7 0.057

Role functioning 84.1 ± 23.1 80.2 ± 25.2 95.5 ± 7.8 0.361
Emotional func-

tioning
76.6 ± 25.0 74.5 ± 27.6 82.6 ± 14.7 0.111

Cognitive func-
tioning

81.0 ± 21.4 78.6 ± 22.1 87.9 ± 18.4 0.221

Social function-
ing

79.5 ± 27.9 77.1 ± 29.6 86.4 ± 22.1 0.347

Fatigue 33.1 ± 27.1 35.4 ± 29.4 26.3 ± 18.1 0.339
Nausea and 

vomiting
11.9 ± 23.4 14.1 ± 24.4 6.1 ± 20.1 0.340

Pain 17.8 ± 23.4 18.8 ± 25.3 15.2 ± 17.4 0.665
Dyspnoea 20.2 ± 25.3 22.9 ± 26.1 12.1 ± 22.5 0.227
Insomnia 33.3 ± 29.1 36.5 ± 30.9 24.2 ± 21.6 0.234
Appetite loss 20.2 ± 30.1 24.1 ± 31.9 9.1 ± 21.5 0.160
Constipation 10.8 ± 22.7 10.4 ± 24.6 12.1 ± 27.1 0.832
Diarrhoea 23.3 ± 25.8 24.1 ± 25.7 21.2 ± 27.1 0.764
Financial difficul-

ties
17.1 ± 30.5 21.4 ± 34.2 6.1 ± 13.5 0.159
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otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.
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