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Abstract
Purpose  Proton pump inhibitors (PPIs) are indispensable in the treatment of gastro-esophageal reflux disease and peptic 
ulcers or for the prevention of stress ulcers after major abdominal surgery. However, long-term PPI therapy leads to several 
side effects such as delayed gastric emptying and distinct changes in mucosal histology. Therefore, this retrospective study 
aims to evaluate the impact of preoperative PPI therapy on the anastomotic leak rate after esophagectomy.
Methods  A retrospective, single-center analysis was conducted for all patients treated with esophagectomy and gastric con-
duit reconstruction between January 2016 and November 2024. Preoperative treatment with PPIs, as well as patient comor-
bidities, histopathological findings and surgical techniques were noted. Subsequently, a group-wise comparison was carried 
out for the differences in anastomotic leak rate and postoperative complications in patients with and without preoperative PPI 
therapy. Finally, a multivariate logistic regression analysis was conducted for the occurrence of anastomotic leak.
Results  A total of 229 patients were included in the study. The group-wise comparison revealed a significantly higher rate of 
anastomotic leaks and postoperative complications in patients with preoperative PPI therapy compared to those without. The 
multivariate logistic regression analysis indicated a 2.5-fold increased risk of anastomotic leaks in patients with preoperative 
PPI therapy compared to patients without.
Conclusion  Preoperative PPI therapy may represent a modifiable risk factor for the development of anastomotic leaks after 
esophagectomy. Further prospective, interventional studies are necessary to verify the results.
Trial registration  The study was retrospectively registered in the German clinical trial database (Application number 
DRKS00035536, Registration date 03.12.2024).
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Introduction

Proton pump inhibitors (PPIs) represent an integral part 
of modern healthcare due to their various indications. As 
PPIs reduce acid production by inhibiting gastric parietal 
cells, they constitute the first-line therapy for treating the 
symptoms of gastro-esophageal reflux disease [1]. In addi-
tion to antibiotic therapy, PPI therapy constitutes the pri-
mary method of treating Helicobacter pylori infection and 
gastroduodenal ulcer disease [2]. Moreover, they prevent 
the metaplasia of esophageal mucosa into Barrett’s mucosa 
when exposed to gastric acid. Furthermore, perioperative 
PPI therapy is frequently used to prevent stress ulcer after 
major abdominal surgery [3]. After gastrointestinal anasto-
mosis– for example as a part Roux-y-gastric bypass surgery 
[4] or pancreatoduodenectomy [5]– PPI therapy is the ther-
apy of choice for the treatment and prevention of marginal 
ulcers.

The reconstruction after esophagectomy, according to 
Ivor-Lewis or McKeown, often includes formation of a gas-
tric conduit. Although the gastric conduit is denervated from 
the vagal nerve during the procedure, it recovers gastral acid-
ity with time [6]. Subsequently, anastomosis can be exposed 
to gastric acid reflux [7]. As a long-term complication of 
gastric acid reflux, anastomotic leak, or reduced blood sup-
ply an anastomotic stricture may occur [8]. In cases where 
gastric reflux is a contributing cause, PPIs have proven to 
be effective in reducing the symptoms of acid reflux and the 
rate of stenosis of the esophagogastric anastomosis [9].

However, as a local effect on gastric physiology, an 
increase in serum gastrin level has been noted during long-
term PPI therapy due to impaired feedback mechanisms 
of the gut-brain axis [10, 11]. Furthermore, gastric emp-
tying in healthy subjects under PPI therapy was delayed 
compared to healthy subjects without exposure to PPI 
therapy [12]. A histological examination of the stomach 
indicated that remodeling processes with an increase in 
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Enterochromaffin-like cells occurred during long-term PPI 
therapy. Additionally, fundic gland polyps and hyperplastic 
polyps were described as the endoscopic findings of parietal 
cell protrusion and foveolar epithelial hyperplasia [13]. As 
delayed gastric emptying and changes in gastric, mucosal 
histology might impair the anastomotic healing [14, 15], the 
impact of preoperative PPI therapy on anastomotic leak rate 
and overall perioperative complications should be further 
investigated in the current study.

Materials and methods

Retrospective data acquisition and ethical 
statement

All patients with esophageal carcinoma, who were treated 
by esophagectomy and gastric conduit reconstruction at our 
clinic from January 2016 to November 2024, were identi-
fied. Patients with other causes for esophagectomy, such 
as esophageal perforation, were excluded. Furthermore, 
patients with colonic interposition for esophageal replace-
ment were excluded. First, frequent, preoperative use of 
PPI was determined based on the medication plan and 
medical history form at the time of admission. Furthermore, 
self-reported PPI intake was noted. A daily PPI intake was 
required for the inclusion in the PPI group. No subgrouping 
for different PPIs, e.g. Pantoprazol, Omeprazol, Esomepra-
zol etc., was performed. Furthermore, no dose-dependent 
subgroup analysis was done. The usage of other gastric acid 
suppressants, like histamine type 2 receptor antagonists, 
was not analyzed in the current study. Baseline character-
istics included age, body mass index (BMI) and gender. 
Additionally, patient comorbidities related to the develop-
ment of anastomotic leak after esophagectomy [16, 17], 
e.g. arterial hypertension, chronic obstructive pulmonary 
disease (COPD), diabetes mellitus, heart disease, vascular 
disease, cardiac arrhythmia, chronic kidney disease and 
preoperative steroid therapy were identified. Moreover, any 
history of gastritis or peptic ulcers and gastro-esophageal 
reflux disease was noted. Finally, neoadjuvant treatment, 
the tumor- (T), node- (N) and metastases (M) status and 
residual tumor status (R-status), as well as the surgical tech-
nique and the type of anastomosis (e.g. circular stapled or 
suture anastomosis) were recorded. The study was approved 
by the institutional ethics committee (Ethics committee 
Witten/Herdecke; Application number: 292/2024, Date of 
approval: 05.11.2024). Furthermore, the study was reg-
istered in the German clinical trial database (Application 
number: DRKS00035536).

Analysis of patient characteristics and outcome 
parameters

Afterwards, a group-wise comparison of the baseline char-
acteristics in patients with preoperative PPI intake and 
patients without preoperative PPI intake was performed. 
Differences of categorical variables were analyzed using 
Fisher’s exact test. For the comparison of differences in 
patient age, the student t-test was used. The Mann–Whitney 
U test was used for the comparison of BMI between patients 
with and without preoperative PPI intake. For all tests of 
baseline characteristics, no correction for multiple testing 
was performed.

The primary outcome parameter was the occurrence of 
anastomotic leaks. An anastomotic leak is defined as a full-
thickness gastrointestinal defect involving the esophagus, 
anastomosis, staple line, or gastric conduit, as stated by 
the Esophagectomy Complications Consensus Group [18]. 
The diagnosis was made clinically, radiologically, or endo-
scopically. The difference in the anastomotic leak rate of 
patients with and of those without preoperative PPI therapy 
was compared using the Fisher’s exact test. Furthermore, 
the comprehensive complication index (CCI) was estimated 
using the Clavien–Dindo-classification of postoperative 
complications. In addition, the length of hospital stay was 
accessed for all the patients discharged from hospital. The 
length of hospital stay was not calculated for patients, who 
were admitted to other departments or nursing facilities as 
well as for patients who died in hospital. As the length of 
hospital stay and the CCI were not normally distributed in 
both groups, a comparison of the differences was performed 
using the Mann–Whitney U test.

Further statistical evaluation

After the group-wise comparison, a logistic regression 
analysis was performed with anastomotic leak rate as 
the dependent variable and the assumed risk factors for 
anastomotic leak, e.g. PPI intake, age, gender, BMI, arte-
rial hypertension, chronic obstructive pulmonary disease 
(COPD), diabetes mellitus, heart disease, vascular disease, 
cardiac arrhythmia, chronic kidney disease and preoperative 
steroid therapy, as independent variables. All independent 
variables, with the exception of preoperative PPI intake, 
have been discussed as risk factors for the development of 
anastomotic leak in previous studies [16, 17]. A backward 
selection method was chosen. An independent variable was 
entered if p-value < 0.05 and the variable was removed if 
p-value > 0.2.

Furthermore, multiple linear regression was carried out 
for the mentioned independent variables and the develop-
ment of postoperative complications. Again, a backward 
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common American Society of Anesthesiologists (ASA) 
score in the study cohort was III. The surgical technique 
varied from open Ivor Lewis esophagectomy to hybrid tech-
niques using laparoscopy and thoracotomy for Ivor Lewis 
esophagectomy to full robotic Ivor Lewis esophagectomy. 
All gastroesophageal anastomosis performed during Ivor 
Lewis esophagectomy were intrathoracic (n = 212). Fur-
thermore, 17 patients underwent McKeown esophagectomy 
with cervical gastroesophageal anastomosis using a hybrid 
or open technique. Stapled anastomosis was performed in 
most patients. The main histological subtype was adenocar-
cinoma, and 185 patients received neoadjuvant therapy. All 
baseline characteristics of the study cohort are shown in the 
supplementary material, Table S1.

A total of 129 patients, representing 56% of the study 
cohort, received preoperative PPI therapy. In the univariate 
analysis, several patient characteristics differed significantly 
between the two groups including BMI, arterial hyperten-
sion, COPD and gastro-esophageal reflux disease. Patients 
with preoperative PPI therapy showed a slightly increased 
BMI of 26.3 ± 4.8 kg/m² compared to patients without PPI 
therapy who had a BMI of 25.5 ± 6.3 kg/m² (p = 0.046). Fur-
thermore, 80 of 127 patients with preoperative PPI therapy 
had arterial hypertension, while only 47 of 102 patients 

selection was performed. Variables were included in the 
model if the p-Value < 0.05 and removed if p-value > 0.1.

To assess the severity of anastomotic leaks, the propor-
tions of different interventions to treat anastomotic leaks 
were recorded. In addition, the severity of the anastomotic 
leaks was classified according to the Clavien-Dindo classi-
fication of postoperative complications. All statistical analy-
ses were performed using the Medcalc software (Medcalc 
Software Ltd.); data was visualized using the Graphpad 
software (GraphPad Software, Inc) and Fiji open-source 
software [19]. Biorender (Biorender, Toronto, Canada) was 
utilized to create the graphical abstract and Fig. 1.

Results

Patient characteristics

After the screening, 229 patients were included in the 
study, see Fig. 1. The mean patients age was 65 ± 9.6 years 
(mean ± standard deviation), mean BMI was 26 ± 5.5 kg/m² 
and only 38 patients were female. The main patient comor-
bidities were arterial hypertension, diabetes mellitus and 
the presence of any heart disease. Consequently, the most 

Fig. 1  Flow diagram for patient identification, screening and inclusion in the current study
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The entire study cohort had a postoperative CCI of 
31 ± 32.2. Patients with preoperative PPI therapy showed a 
significantly higher CCI of 34.4 ± 32.9 compared to 26.5 ± 31 
of patients without preoperative PPI therapy, p = 0.039. 
Additionally, patients with preoperative PPI therapy had a 
slightly longer hospital stay (22.8 ± 15 days) compared to 
patients without preoperative PPI therapy (20.5 ± 18.4 days, 
p = 0.008). However, the multiple, regression analysis did 
not include preoperative PPI treatment to predict over-
all, postoperative CCI, while age, cardiac arrhythmia and 
COPD were found to be significant for predicting postop-
erative CCI, see Table S3.

Discussion

For the first time, this retrospective study revealed a higher 
rate of anastomotic leaks in patients with preoperative PPI 
therapy compared to patients without preoperative PPI ther-
apy. The multivariate analysis indicated a 2.5-fold increased 
risk of anastomotic leak in patients with preoperative PPI 
therapy.

The comparison of patient characteristics revealed a 
higher prevalence of the comorbidities arterial hyperten-
sion, COPD and gastro-esophageal reflux disease and a 
slightly increased BMI in patients with preoperative PPI 
therapy. These results may indicate that the less favorable 
risk profile of patients with preoperative PPI therapy is 
responsible for the 2.5-fold increased risk of anastomotic 
leaks. Thus, PPI therapy would only be a confounder of 
the current study. However, none of the mentioned comor-
bidities were selected in the multivariate logistic regression 
analysis to predict anastomotic leaks after esophagectomy. 
Only preoperative PPI use was found to significantly affect 
the occurrence of anastomotic leaks. Although a higher rate 
of overall complications was observed in patients with pre-
operative PPI therapy compared to those without preopera-
tive PPI therapy, preoperative PPI therapy did not represent 
a significant risk factor for overall complications in the mul-
tivariate analysis of our cohort.

Contrary to expectations, the prevalence of gastro-esoph-
ageal reflux disease in the medical records was relatively 
low. Gastro-esophageal reflux disease is an important fac-
tor in the development of Barrett’s mucosa and, thus, a 
predisposition to esophageal adenocarcinoma. Since 163 
patients had an adenocarcinoma in pathological examina-
tion, a higher rate of gastro-esophageal reflux disease may 
be suspected. Consequently, preoperative gastro-esophageal 
reflux disease itself may be discussed as a risk factor for 
the occurrence of anastomotic leaks. However, there was 
no significant difference in the rate of adenocarcinomas 
in the pathological findings of patients with and without 

without PPI therapy had arterial hypertension (p = 0.032). 
In addition, patients receiving PPI therapy showed a higher 
rate of COPD and gastro-esophageal reflux disease com-
pared to those without. The difference in history of gastritis 
or peptic ulcers did not reach significance between the two 
groups.

No significant differences were found between the other 
assessed patient comorbidities, age, ASA status, proportion 
of neoadjuvant treatment, surgical technique, and postop-
erative tumor status between the two groups. All patient 
characteristics are presented in Table 1.

Anastomotic leak rate and postoperative 
complications

An anastomotic leak occurred in 20.4% of the entire study 
cohort. Since three patients were excluded due to early 
postoperative death, 46 of 226 patients developed anasto-
motic leak. The univariate comparison showed significantly 
different anastomotic leak rates between patients with and 
without preoperative PPI therapy. While an anastomotic 
leak occurred in 34 patients with preoperative PPI therapy 
(26.6%), only 12 patients without preoperative PPI therapy 
(12.2%) developed anastomotic leaks (p = 0.008).

A logistic analysis was performed to estimate variables 
for the prediction of anastomotic leaks. The final model 
included gender, diabetes mellitus, preoperative steroid 
treatment and preoperative PPI therapy. The overall model 
fit for predicting anastomotic leaks was low (Cox & Snell R² 
of 0.072 and a Nagelkerke R² of 0.113, p = 0.005). Among 
the selected variables, only preoperative PPI treatment 
significantly impacted anastomotic leak rate in the multi-
variate, logistic regression (p = 0.017). The calculated odds 
ratio of 2.5 (95% CI: 1.18–5.15) showed that the patients 
with preoperative PPI treatment had a 2.5-fold higher risk 
of anastomotic leak compared to patients without preopera-
tive PPI therapy. The odds ratios of the variables included 
in logistic regression analyses are presented in Fig. 2 and in 
Table S2 of the supplemental material.

Patients with preoperative PPI therapy who developed 
anastomotic leaks tended to have a higher mortality rate 
(Clavien-Dindo grade V) than patients without PPI therapy. 
Furthermore, a trend towards a higher rate of single-organ 
(Clavien-Dindo grade IVa) or multiple-organ (Clavien-
Dindo grade IVb) dysfunction was observed in patients 
with preoperative PPI therapy. Endoscopic procedures were 
the primary method of treatment for anastomotic leaks in 
patients with and without preoperative PPI therapy. The 
Clavien-Dindo grades, which indicate the severity of anas-
tomotic leaks, are listed in Table 2. The various therapeutic 
options for anastomotic leaks are shown in Fig. 3.
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PPI therapy No PPI therapy P-value
Gender (% female) 20 (16) 18 (18) 0.721
Age (mean ± SD) in years 65.7 ± 9.4 64.2 ± 9.9 0.241
BMI (mean ± SD) in kg/m² 26.3 ± 4.8 25.5 ± 6.3 0.046
Diabetes mellitus Type II (%) 29 (23) 20 (20) 0.746
Arterial Hypertension (%) 80 (62) 47 (47) 0.032
COPD (%) 25 (19) 9 (9) 0.038
Heart disease (%) 30 (23) 13 (13) 0.060
Vascular disease (%) 26 (20) 15 (15) 0.386
Cardiac arrhythmia (%) 14 (11) 9 (9) 0.825
Chronic kidney disease (%) 5 (4) 3 (3) 1.000
Gastro-esophageal reflux disease (%) 15 (12) 3 (3) 0.024
Gastritis or peptic ulcers 16 (12) 6 (6) 0.118
Steroid therapy (%) 8 (6) 4 (4) 0.558
ASA-Grade 0.197
I (%) 1 (1) 1 (1)
II (%) 21 (19) 24 (25)
III (%) 86 (78) 69 (72)
IV (%) 2 (2) 2 (2)
Neoadjuvant therapy (%) 100 (78) 85 (85) 0.178
T-Status 0.143
0 (%) 37 (29) 26 (26)
1 (%) 33 (26) 19 (19)
2 (%) 21 (17) 19 (19)
3 (%) 36 (28) 36 (36)
N-Status 1.000
0 (%) 85 (66) 59 (59)
1 (%) 20 (16) 23 (23)
2 (%) 13 (10) 9 (9)
3 (%) 10 (8) 9 (9)
M-Status 1.000
0 (%) 126 (98) 97 (97)
1 (%) 3 (2) 3 (3)
R-Status 1.000
0 (%) 121 (95) 89 (96)
1(%) 6 (5) 4 (4)
Histology 0.137
Adenocarcinoma (%) 96 (74) 67 (67)
Squamous cell carcinoma (%) 30 (24) 33 (33)
Neuroendocrine tumor (%) 3 (2) -
Surgical technique
Robotic assisted Ivor Lewis esophagectomy (%) 48 (37) 38 (38) 1.000
Open Ivor Lewis esophagectomy (%) 26 (20) 15 (15) 0.386
Hybrid Ivor Lewis esophagectomy (%) (laparoscopy, 
thoracotomy)

40 (31) 38 (38) 0.325

Minimal invasive Ivor Lewis (%)
(laparoscopy, thoracoscopy)

5 (4) 2 (2) 0.473

Mc Keown esophagectomy (%) 10 (7) 7 (7) 1.000
(Open, Hybrid and robotic assisted)
Anastomosis 0.460
Circular Stapler (%) 117 (91) 94 (94)
Suture (%) 12 (9) 6 (6)

Table 1  Patient characteristics

*Univariate significant values 
are displayed in bold
SD = standard deviation
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An already known side effect of PPI therapy, which may 
be related with to the occurrence of anastomotic leaks, is 
the development of delayed gastric emptying [11, 12, 21]. 
For instance, in an early study by Parkman et al. [12], even 
healthy subjects exhibited delayed gastric emptying in scin-
tigraphy after the administration of omeprazole. As delayed 
gastric emptying is associated with anastomotic leaks [14, 
15], PPIs may increase the anastomotic leak rate by delay-
ing gastric emptying. However, no standardized screening 
for delayed gastric emptying was performed due to the 
retrospective design of the current study. Moreover, the 
development of delayed emptying after esophagectomy is 

preoperative PPI therapy. Accordingly, a higher rate of 
gastro-esophageal reflux disease may also be assumed in 
patients without preoperative PPI therapy.

Furthermore, as a limitation of the retrospective study 
design, it was not possible to determine the duration of pre-
operative PPI use or the indication for PPI treatment. Addi-
tionally, there may be a significant proportion of patients 
who frequently take PPI therapy without a prescription or 
entry in their medical records, since most PPIs are available 
over the counter [20]. This unknown bias may have affected 
the present study results.

Table 2  Postoperative complications of patients with anastomotic leak
Clavien– Dindo Grade (n, %)

Group I II IIIa IIIb IVa IVb V
Preoperative PPI therapy - - 15 (44) 1 (3) 6 (18) 3 (9) 9 (26)
No preoperative PPI therapy - - 5 (42) 2 (17) 1 (8) 2 (17) 2 (17)

Fig. 3  Different therapeutic options for patients with anastomotic 
leaks, which did not receive preoperative PPI therapy (a) and patients 
with anastomotic leak and preoperative PPI therapy (b); Endo-

VAC = Endoluminal Vacuum therapy; OTS Clip = Over-the-Scope 
Clip; Stent = Endoluminal stenting

 

Fig. 2  Odds ratios for the risk of anastomotic leak in multivariate, logistic regression. All variables included in the final model are shown
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