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Abstract
Introduction Esophagectomy is the gold standard in the surgical therapy of esophageal cancer. It is either performed thoraco-
abdominal with a intrathoracic anastomosis or in proximal cancers with a three-incision esophagectomy and cervical recon-
struction. Delayed gastric conduit emptying (DGCE) is the most common functional postoperative disorder after Ivor-Lewis 
esophagectomy (IL). Pneumonia is significantly more often in patients with DGCE. It remains unclear if DGCE anastomotic 
leakage (AL) is associated. Aim of our study is to analyze, if AL is more likely to happen in patients with a DGCE.
Patients and methods 816 patients were included. All patients have had an IL due to esophageal/esophagogastric-junction 
cancer between 2013 and 2018 in our center. Intrathoracic esophagogastric end-to-side anastomosis was performed with a 
circular stapling device. The collective has been divided in two groups depending on the occurrence of DGCE. The diag-
nosis DGCE was determined by clinical and radiologic criteria in accordance with current international expert consensus.
Results 27.7% of all patients suffered from DGCE postoperatively. Female patients had a significantly higher chance to suf-
fer from DGCE than male patients (34.4% vs. 26.2% vs., p = 0.040). Pneumonia was more common in patients with DGCE 
(13.7% vs. 8.5%, p = 0.025), furthermore hospitalization was longer in DGCE patients (median 17 days vs. 14d, p < 0.001). 
There was no difference in the rate of type II anastomotic leakage, (5.8% in both groups DGCE). All patients with ECCG 
type II AL (n = 47; 5.8%) were treated successfully by endoluminal/endoscopic therapy. The subgroup analysis showed that 
ASA ≥ III (7.6% vs. 4.4%, p = 0.05) and the histology squamous cell carcinoma (9.8% vs. 4.7%, p = 0.01) were independent 
risk factors for the occurrence of an AL.
Conclusion Our study confirms that DGCE after IL is a common finding in a standardized collective of patients in a high-
volume center. This functional disorder is associated with a higher rate of pneumonia and a prolonged hospital stay. Still, 
there is no association between DGCE and the occurrence of an AL after esophagectomy. The hypothesis, that an DGCE 
results in a higher pressure on the anastomosis and therefore to an AL in consequence, can be refuted. DGCE is not a patho-
genetic factor for an AL.
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Transthoracic en-bloc esophagectomy is the gold standard 
in the surgical treatment for esophageal cancer and is often 
performed after neoadjuvant treatment [1–3]. Most com-
monly reconstruction is performed by a gastric pull-up and a 
high intrathoracic esophagogastric anastomosis [Ivor-Lewis 
esophagectomy (IL-OE)] [4]. A three stage esophagectomy 
with a cervical anastomosis is well-accepted too, particularly 
in proximal esophageal cancers (McKeown esophagectomy) 
[5]. This operative procedure is associated with a postop-
erative morbidity up to 60% and mortality up to 5% [6–8]. 
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Centralisation to high-volume centers, a constant improve-
ment of surgical technique, operation time and a reduction of 
access related trauma have decreased morbidity and mortality 
over the past decades [9–13]. Still, one of the most common 
postoperative complications after IL-OE is a delayed empty-
ing of the gastric conduit (DGCE). The incidence is reported 
between 2.2 and 47% in a systematic review [14]. A pyloric 
dysfunction and a reduced gastric motility as a result of the 
obligatory dissection of vagal nerves, as well as the altered 
anatomy contribute to DGCE as unswayable factors. It is unre-
solved if and how much surgery related factors such as conduit 
size or hiatoplasty impact the risk for occurrence of an DGCE, 
even though a narrower conduit seems to be favourable to a 
reconstruction than using the stomach as a whole [15–19].

Certainly, DGCE contributes to short and long-term post-
operative morbidity [15, 20]. It is strongly associated with 
pulmonary complications and a higher risk of prolonged 
ICU and prolonged hospital stay. Furthermore, it can lead to 
malnutrition and a reduced quality of life [21–24]. It is not 
clearly resolved if DGCE is an independent risk factor for 
anastomotic leakage (AL) and thereby contributing to one of 
the most threatening complications post esophagectomy, even 
though there seems to be a tendency towards an increased 
risk for AL [14, 25]. Several mechanisms explaining how 
DGCE could contribute to AL are possible. A dilatation of 
the gastric tube might reduce the microcirculation of the 
gastric tube and thereby compromise anastomotic healing. 
Secondly, a dilatation of the gastric tube produces mechanical 
force on the anastomosis followed by an insufficient healing 
or a technical failure of the stapled anastomosis. Suspecting 
DGCE to increase the risk of AL impedes surgeon’s confi-
dence to initiate transition to normal diet in their patients post 
esophagectomy. This work tests the hypothesis that DGCE 
represents a risk factor for type II anastomotic leakage by 
analysing a large cohort of over 800 consecutive patients that 
underwent Ivor-Lewis esophagectomy for esophageal cancer 
in a European high volume center.

Methods

Study design

A total of 816 patients that underwent transthoracic 
esophagectomy for esophageal cancer at the Department 
of General-, Visceral- and Cancer Surgery, University of 
Cologne, between 2013 and 2018 were included in the study. 
Data were retrospectively analysed from a prospectively 
maintained database. The study was approved by the local 
Ethics Committee of the University of Cologne.

Operative procedure

A transthoracic esophagectomy with two field lymphad-
enectomy was performed in all cases. Reconstruction of 
the intestinal passage was done in all cases with a gas-
tric tube and a high intrathoracic esophagogastrostomy 
[Ivor-Lewis procedure (IL-OE)]. The detailed technique 
has been previously described [26]. In brief, a laparo-
scopic gastrolysis with the creation of a gastric conduit not 
exceeding 4 cm in width was performed. Esophagectomy, 
including a bilateral vagotomy and gastric pull-up were 
performed via thoracotomy. Pyloric drainage procedures 
such as pyloroplasty e.g. were not part of the operative 
procedure. All patients received a nasogastric tube until 
the 2nd postoperative day. Oral intake was started with 
clear fluids on the 6th postoperative day.

Clinical parameters and postoperative procedures

Patients were divided into two groups: Group I with DGCE 
and Group II without DGCE. The diagnosis delayed gastric 
emptying was determined by clinical (reflux) or radiologic 
criteria (chest X-ray) in accordance with current interna-
tional expert consensus. The accepted definition was an 
output of more than 500 mL over the diurnal nasogastric 
tube measured on the morning of postoperative day 5 or 
later or more than 100% increased gastric tube width on a 
frontal chest x-ray projection together with the presence 
of an air-fluid level. Clinical symptoms were early satiety, 
vomiting, nausea and/or regurgitation [27, 28]. Treatment 
of delayed gastric conduit emptying as a result of pyloric 
dysfunction was performed endoscopically. Dilatation was 
performed using a 30 mm esophageal achalasia balloon 
dilator (e.g., Boston Scientific, Ireland), with a slowly 
increasing pressure of the balloon under endoscopic con-
trol. After intubation of the pylorus, the 30-mm achalasia 
balloon was inflated to a maximum pressure of 137 kPa 
for a period of 2–3 min under maximum pressure. After 
completion the successful dilatation of the pylorus was 
endoscopically verified [29]. Each anastomotic leakage 
was classified by an experienced endoscopic surgeon 
according to the Esophagectomy Complications Consensus 
Group (ECCG) classification and based on endoscopic and 
clinical findings during the postoperative course. Type II 
leakage is defined as a situation requiring interventional 
but not surgical therapy, such as interventional radiol-
ogy drainage or endoscopic therapy of the defect [27]. 
In our series endoscopic treatment of anastomotic leak-
age ECCG type II was performed either with endoluminal 
vacuum sponge therapy, stent therapy or both. Patients 
with leakage that underwent conservative treatment only 
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(e.g., dietery modification, medication: ECCG AL type I) 
or required operative revision (ECCG AL type III) were 
excluded from the study.

Study endpoints

The two groups (DGCE vs. no DGCE) were compared 
focusing on the rate of postoperative complications and 
especially on anastomotic leakage.

Statistical analysis

Statistical significance was determined using the 
Mann–Whitney test for continuous variables and the χ2 
test or Fisher’s exact test for categorical variables. A p 
value < 0.05 was considered statistically significant. There 
was no adjustment for multiple testing. Multivariate analysis 
using a logistic regression analysis estimated the association 
between endpoints. All statistical analysis was done in SPSS 
for Windows v25.0 or higher (SPSS Inc., Chicago, IL).

Results

816 patients were included in the study. A total of 226 
(27.7%) patients were diagnosed with postoperative DGCE. 
Patients with postoperative DGCE had a significantly 
higher rate of postoperative pneumonia (13.7% vs. 8.5%, 
p = 0.025) and a prolonged hospital stay (median days 17 vs. 
14, p < 0.001). The risk of postoperative DGCE was signifi-
cantly higher in female compared to male patients (34.4% vs. 
26.2% vs., p = 0.040). Table 1 depicts patient characteristics 
of patients with and without DGCE.

47 patients (5.8%) were diagnosed with postoperative 
anastomotic leakage ECCG type II. 769 patients out of this 
selected cohort (94.2%) had no anastomotic leakage. The 
two patient groups did not differ regarding baseline clinical 
characteristics like sex, age, ASA and histology. Further-
more, there was no difference in patients that underwent 
neoadjuvant treatment in both groups. Baseline character-
istics for patients with and without anastomotic leakage are 
depicted in Table 2.

To test our hypothesis that patients with DGCE are associ-
ated with a higher risk for the occurrence of AL than patients 
without DGCE after esophagectomy, we investigated both 
collectives for AL. AL occurred in 5.8% of patients with 
DGCE and had an identical rate of 5.8% in patients without 
DGCE, respectively. In consequence, DGCE was not associ-
ated with AL Type II in our collective.

We analysed other potential factors which might have 
a possible impact on the occurrence of anastomotic leak-
age. First, the American Society of Anaesthesiology (ASA) 

Score, classifying patients in terms of their perioperative 
risk with respect to their preoperative condition [30]. We 
subdivided our patients in one group with patients classified 
as ASA I or II and compared them to a group of patients 
classified as ASA III or IV, assessed during preoperative 
work up by the visiting anaesthesiologist. ASA III and IV 
patients had a higher risk to suffer from AL (7.6%) than 
patients with ASA I and II (4.4%, p-value 0.05). We were 
furthermore able to show, that patients with a squamous 
cell carcinoma (SCC) of the esophagus have a significantly 
higher risk of AL compared to patients with adenocarcinoma 
(9.8% vs. 4.7%, p = 0.01). R0 resection rates for AC and 
SCC were comparably high (98% vs. 97%) and therefore not 
causally associated to the occurrence of DGCE after surgery.

In line with this, as depicted in Table 3, the logistic regres-
sion analysis revealed that in our collective the risk to develop 
AI type II is reduced by around 50% in patients with AC 

Table 1  Characteristics of study collective stratified for the diagnosis 
of postoperative delayed gastric conduit emptying.1

IQR Interquarantile range

Total DGCE

Yes No

n n % n %

Included patients 816 226 27.7 590 72.3
Sex
Male 665 174 26.2 491 73.8
Female 151 52 34.4 99 65.6
Age
 < 65 years 460 129 28.0 331 72.0
 ≥ 65 years 356 97 27.2 259 72.8
ASA Score
I 27 8 29.6 19 70.4
II 448 116 25.9 332 74.1
III 332 98 29.5 234 70.5
IV 9 4 44.4 5 55.6
Histology
AC 642 183 28.5 459 71.5
SCC 174 43 24.7 131 75.3
Anastomotic leakage type II
No 769 213 27.7 556 72.3
Yes 47 13 27.7 34 72.3
Dindo-Clavien Score
 ≤ IIIA 721 204 28.3 517 71.7
IIIB–IVB 84 21 25.0 63.0 75.0
V 11 1 9.1 10 90.9
Postoperative pneumonia
Yes 46 17 37.0 29 63.0
No 735 195 26.5 540 73.5
Length of hospital stay (days)
Median/IQR 15 17 15–22 14 12–18
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(OR 0.45, 95%-CI 0.24–0.83, p-value = 0.011) compared to 
SCC as well as in patients with ASA score I or II compared to 
ASA score III or IV (0.55, 95%-CI 0.30–1.00, p-value 0.05).

Discussion

Our data clearly demonstrate that delayed gastric conduit 
emptying after Ivor-Lewis esophagectomy is a common 
functional disorder. DGCE can likely result in high mor-
bidity with increased rates of postoperative pneumonia fol-
lowed by a prolonged hospital stay. In our collective there 
was no association between a DGCE and an increased risk 
for anastomotic leakage. Though this is a retrospective 
single-center analysis our work has several strengths: (i) 
we analysed over 800 cases within 5 years from a pro-
spectively maintained database (ii) the operative technique 
was identical in every case and was highly standardized 
(iii) our collective is highly representative as associations 
between DGCE and pneumonia e.g., could be retraced. 
To our knowledge, this is the largest cohort of patients 
examined for DGCE after a standardized treatment. With 
a DGCE rate of 27.7% in our collective the results are well 
comparable to international data [14]. Since ECCG Type 
I AL is a rare finding without a clinical or therapeutic 
relevance and thus without statistical impact they were 
no subject to this analysis. AL type III was usually diag-
nosed on the second postoperative day, before oral intake 
was started and therefore no diagnostic work up regarding 
DGCE was performed, these cases missed any significant 
statistical contribution to this study and were, therefore, 
excluded. Furthermore, patients with AL type III had clear 
signs of a not sufficient blood supply of the gastric conduit, 
which explained the cause for anastomotic leakage itself 
and, therefore, DGCE was not relevant at all.

One simple explanation for differences seen between 
the association of DGCE and AL compared to previously 
published results from others is that several publications 
include patients operated with different surgical techniques 
(including McKeown procedure, cervical anastomosis) 
that might have biased the results [25, 31]. Another poten-
tial bias might be, that DGCE usually is treated endoscopi-
cally, increasing the possibility to detect small, clinically 
inapparent anastomotic leakages during the endoscopic 
procedure [29]. A recent report from Hadzijusufovic et al. 
evaluating the usefulness of a preoperative endoscopic 
balloon dilatation as a strategy to prevent postoperative 
DGCE indirectly supports our findings. The authors did 
not find a significantly decreased rate of anastomotic leak-
age or early pulmonary complications in their interven-
tion group (preoperatively dilatated pylorus) [32]. Indeed, 
the latter work demonstrated a significantly lowered rate 
of DGCE in patients that underwent preoperative dilata-
tion of the pylorus during staging/restaging endoscopy 
compared to patients who did not receive an endoscopic 
pneumatic dilatation of the pylorus prior to Ivor-Lewis 
esophagectomy. Still, a preoperative dilatation usually is 

Table 2  Characteristics of study cohort stratified for the diagnosis of 
anastomotic leak

Total Anastomotic leak

No Type II

n n % n %

Included patients 816 769 94.2 47 5.8
Sex
Male 655 626 94.1 39 5.9
Female 151 143 94.7 8 5.3
Age
 < 65 years 460 433 94.1 27 5.9
 ≥ 65 years 356 336 94.4 20 5.6
ASA Score
I 27 27 100.0 0 0.0
II 448 427 95.3 21 4.7
III 332 307 92.5 25 7.5
IV 9 8 88.9 1 11.1
Histology
AC 642 612 95.3 30 4.7
SCC 174 157 90.2 17 9.8
Delayed gastric conduit 

emptying
No 590 556 94.2 34 5.8
Yes 226 213 94.2 13 5.8
Dindo-Clavien Score
 ≤ IIIA 721 689 95.6 32 4.4
IIIB–IVB 84 73 86.9 11.0 13.1
V 11 7 63.6 4 36.4

Table 3  Logistic regression analysis of clinical parameters associated 
with anastomotic leakage

CI confidence interval; OR odds ratio

Variable p-value Odds ratio
(OR)

95% CI for 
OR

Lower Upper

Histology (AC vs SCC) 0.011 0.45 0.24 0.83
ASA category (I + II vs 

III + IV)
0.050 0.55 0.30 1.00

Age category (< 65 vs ≥ 65) 0.615 1.17 0.64 2.14
DGCE (no vs yes) 0.952 1.02 0.52 1.98
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performed with a 20 mm balloon, whereas a postopera-
tive dilatation can be performed with a 30 mm balloon, 
which was initially designed for the treatment of achalasia 
patients. Thus, a re-dilatation was more often necessary 
in patients after a 20 mm balloon procedure. Randomized 
clinical trials that evaluate the interventional option of 
preoperative dilatation or postoperative medical therapy 
are currently lacking in the literature and should clearly 
be considered in the future. At least a partial recovery 
of the gastric peristalsis has been reported earlier, which 
might even improve by medical therapy [33–35]. This is 
in line with reports of a regaining of gastric acidity in the 
denervated stomach [36]. Surgical perioperative pyloric 
drainage procedures like pyloromyotomy or pyloroplasty 
seem to significantly lower the risk of DGCE but without 
any impact on other morbidities such as AL and/or pul-
monary complications, as reported in the meta-analysis by 
Urschel et al. [37]. In addition as Palmes et al. described 
surgical pyloric procedures are reported to contribute to 
a higher rate of bile reflux and esophagitis without hav-
ing a significant benefit in the early postoperative phase, 
even though there seems to be a trend towards less early 
pulmonary complications and a lower rate of anastomotic 
leakage [38]. This trend is in line with the data published 
by Hadzijusufovic, as described earlier [32]. This might be 
the case, since the surgical drainage procedures are more 
invasive and usually a definitive therapeutic option com-
pared to the endoscopic balloon dilatation, which some-
times even has to be repeated for a successful therapy. In 
summary, there is no high-quality evidence which sup-
ports pre- or perioperative pyloric drainage procedures 
to significantly contribute to a reduction of postoperative 
morbidity, even though the rate of DGCE can be reduced. 
Obviously, the interrelation of DGCE and postoperative 
morbidity is not finally understood and requires further 
investigation.

Another issue that has to be addressed is that there 
remains a small group of patients with long-term complaints 
associated to DGCE being refractory to repeated pyloric 
dilatation. This is a very demanding situation and depends 
on individual clinical properties of each patient. In these 
patients a pyloric spasm does not seem to be the reason for 
DGCE, more often it is a hiatal narrowing or a kinking of 
the gastric conduit, which results in a kind of gastric out-
let obstruction. Treatment strategies in our own collective 
range from conservative prokinetic drug treatment through 
endoscopic pyloric stenting to surgical revision. More stand-
ardization of this clinical problem is further needed to define 
treatment recommendations. There is a lack of literature for 
this rare but regularly occurring problem. At least, a consen-
sus about the definition of DGCE found broad acceptance 
and therefore benefits to a better comparability of interna-
tional studies [28].

Overall, our work underscores that DGCE has to be 
considered as a frequent complication after Ivor-Lewis 
esophagectomy and a reconstruction with a gastric conduit 
pull-up. It significantly contributes to postoperative morbid-
ity, is primarily associated to an increased rate of pulmonary 
complications and a prolonged hospitalization. According to 
our findings DGCE can be seen as its own entity of postop-
erative morbidity. In the absence of other clinical or endo-
scopic signs DGCE should not be a direct warning sign for 
an accompanied anastomotic leakage making it an important 
finding for treatment pathways of affected patients. Clinical 
and/or radiologic suspicion of DGCE in the absence of signs 
of infections does not require urgent endoscopic intervention 
which might have its own risks. Usually, a drainage with a 
nasogastric tube resolves most clinical symptoms and gains 
time for a planned endoscopic therapeutic procedure under 
controlled and safe circumstances.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Disclosures Dr. HF Fuchs and Univ.-Prof. Dr. CJ Bruns are members of 
the advisory board for Medtronic and received a Grant from Intuitive. 
Both affiliations are not related to this study. B. Babic, L. M. Schiff-
mann, D. T. Mueller, T. Schmidt, C. Mallmann, L. Mielke, A. Frebel, 
P. Schiller, M. Bludau, S. H. Chon, W. Schröder, C. J. Bruns have no 
conflicts of interest or financial ties to disclose.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
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/.

References

 1. Omloo JM, Lagarde SM, Hulscher JB, Reitsma JB, Fockens P, van 
Dekken H et al (2007) Extended transthoracic resection compared 
with limited transhiatal resection for adenocarcinoma of the mid/
distal esophagus: five-year survival of a randomized clinical trial. 
Ann Surg 246(6):992–1000; discussion-1

 2. Kutup A, Nentwich MF, Bollschweiler E, Bogoevski D, Izbicki 
JR, Holscher AH (2014) What should be the gold standard for the 
surgical component in the treatment of locally advanced esopha-
geal cancer: transthoracic versus transhiatal esophagectomy. Ann 
Surg 260(6):1016–1022

http://creativecommons.org/licenses/by/4.0/


6782 Surgical Endoscopy (2022) 36:6777–6783

1 3

 3. Pennathur A, Gibson MK, Jobe BA, Luketich JD (2013) Oesopha-
geal carcinoma. Lancet 381(9864):400–412

 4. Lewis I (1946) The surgical treatment of carcinoma of the oesoph-
agus; with special reference to a new operation for growths of the 
middle third. Br J Surg 34:18–31

 5. McKeown KC (1976) Total three-stage oesophagectomy for can-
cer of the oesophagus. Br J Surg 63(4):259–262

 6. Low DE, Kuppusamy MK, Alderson D, Cecconello I, Chang AC, 
Darling G et al (2019) Benchmarking complications associated 
with esophagectomy. Ann Surg 269(2):291–298

 7. Kuppusamy MK, Low DE, International Esodata Study G (2020) 
Evaluation of international contemporary operative outcomes 
and management trends associated with esophagectomy: a 4-year 
study of > 6000 patients using ECCG definitions and the online 
esodata database. Ann Surg. https:// doi. org/ 10. 1097/ SLA. 00000 
00000 004309

 8. Raymond DP, Seder CW, Wright CD, Magee MJ, Kosinski AS, 
Cassivi SD et al (2016) Predictors of major morbidity or mortal-
ity after resection for esophageal cancer: a society of thoracic 
surgeons general thoracic surgery database risk adjustment model. 
Ann Thorac Surg 102(1):207–214

 9. Fuchs HF, Harnsberger CR, Broderick RC, Chang DC, Sandler 
BJ, Jacobsen GR et al (2017) Mortality after esophagectomy is 
heavily impacted by center volume: retrospective analysis of the 
nationwide inpatient sample. Surg Endosc 31(6):2491–2497

 10. Mariette C, Markar SR, Dabakuyo-Yonli TS, Meunier B, Pezet D, 
Collet D et al (2019) Hybrid minimally invasive esophagectomy 
for esophageal cancer. N Engl J Med 380(2):152–162

 11. Biere SS, van Berge Henegouwen MI, Maas KW, Bonavina L, 
Rosman C, Garcia JR et al (2012) Minimally invasive versus 
open oesophagectomy for patients with oesophageal cancer: 
a multicentre, open-label, randomised controlled trial. Lancet 
379(9829):1887–1892

 12. van der Sluis PC, van der Horst S, May AM, Schippers C, Brosens 
LAA, Joore HCA et al (2019) Robot-assisted minimally invasive 
thoracolaparoscopic esophagectomy versus open transthoracic 
esophagectomy for resectable esophageal cancer: a randomized 
controlled trial. Ann Surg 269(4):621–630

 13. Luketich JD, Pennathur A, Awais O, Levy RM, Keeley S, Shende 
M et al (2012) Outcomes after minimally invasive esophagectomy: 
review of over 1000 patients. Ann Surg 256(1):95–103

 14. Arya S, Markar SR, Karthikesalingam A, Hanna GB (2015) 
The impact of pyloric drainage on clinical outcome follow-
ing esophagectomy: a systematic review. Dis Esophagus 
28(4):326–335

 15. Konradsson M, Nilsson M (2019) Delayed emptying of the 
gastric conduit after esophagectomy. J Thorac Dis 11(Suppl 
5):S835–S844

 16. Lee HS, Kim MS, Lee JM, Kim SK, Kang KW, Zo JI (2005) 
Intrathoracic gastric emptying of solid food after esophagectomy 
for esophageal cancer. Ann Thorac Surg 80(2):443–447

 17. Gupta S, Chattopadhyay TK, Gopinath PG, Kapoor VK, Sharma 
LK (1989) Emptying of the intrathoracic stomach with and with-
out pyloroplasty. Am J Gastroenterol 84(8):921–923

 18. Akkerman RD, Haverkamp L, van Hillegersberg R, Ruurda JP 
(2014) Surgical techniques to prevent delayed gastric empty-
ing after esophagectomy with gastric interposition: a systematic 
review. Ann Thorac Surg 98(4):1512–1519

 19. Zhang L, Hou SC, Miao JB, Lee H (2017) Risk factors for delayed 
gastric emptying in patients undergoing esophagectomy without 
pyloric drainage. J Surg Res 213:46–50

 20. Benedix F, Willems T, Kropf S, Schubert D, Stubs P, Wolff S 
(2017) Risk factors for delayed gastric emptying after esophagec-
tomy. Langenbecks Arch Surg 402(3):547–554

 21. Lanuti M, de Delva PE, Wright CD, Gaissert HA, Wain JC, 
Donahue DM et al (2007) Post-esophagectomy gastric outlet 

obstruction: role of pyloromyotomy and management with endo-
scopic pyloric dilatation. Eur J Cardiothorac Surg 31(2):149–153

 22. Chen KN (2014) Managing complications I: leaks, strictures, emp-
tying, reflux, chylothorax. J Thorac Dis 6(Suppl 3):S355–S363

 23. Anandavadivelan P, Martin L, Djarv T, Johar A, Lagergren P 
(2018) Nutrition impact symptoms are prognostic of quality of 
life and mortality after surgery for oesophageal cancer. Cancers 
(Basel) 10(9):318

 24. Poghosyan T, Gaujoux S, Chirica M, Munoz-Bongrand N, Sarfati 
E, Cattan P (2011) Functional disorders and quality of life after 
esophagectomy and gastric tube reconstruction for cancer. J Visc 
Surg 148(5):e327–e335

 25. Sutcliffe RP, Forshaw MJ, Tandon R, Rohatgi A, Strauss DC, 
Botha AJ et al (2008) Anastomotic strictures and delayed gastric 
emptying after esophagectomy: incidence, risk factors and man-
agement. Dis Esophagus 21(8):712–717

 26 Muller DT, Babic B, Herbst V, Gebauer F, Schlosser H, Schiff-
mann L et al (2020) Does circular stapler size in surgical manage-
ment of esophageal cancer affect anastomotic leak rate? 4-year 
experience of a European High-Volume Center. Cancers (Basel) 
12(11):3474

 27. Low DE, Alderson D, Cecconello I, Chang AC, Darling GE, 
D’Journo XB et al (2015) International consensus on stand-
ardization of data collection for complications associated with 
esophagectomy: esophagectomy Complications Consensus Group 
(ECCG). Ann Surg 262(2):286–294

 28. Konradsson M, van Berge Henegouwen MI, Bruns C, Chaudry 
MA, Cheong E, Cuesta MA et al (2020) Diagnostic criteria and 
symptom grading for delayed gastric conduit emptying after 
esophagectomy for cancer: international expert consensus based 
on a modified Delphi process. Dis Esophagus. https:// doi. org/ 10. 
1093/ dote/ doz074

 29. Maus MK, Leers J, Herbold T, Bludau M, Chon SH, Kleinert R 
et al (2016) Gastric outlet obstruction after esophagectomy: retro-
spective analysis of the effectiveness and safety of postoperative 
endoscopic pyloric dilatation. World J Surg 40(10):2405–2411

 30. Mayhew D, Mendonca V, Murthy BVS (2019) A review of ASA 
physical status—historical perspectives and modern develop-
ments. Anaesthesia 74(3):373–379

 31. Dewar L, Gelfand G, Finley RJ, Evans K, Inculet R, Nelems B 
(1992) Factors affecting cervical anastomotic leak and stricture 
formation following esophagogastrectomy and gastric tube inter-
position. Am J Surg 163(5):484–489

 32. Hadzijusufovic E, Tagkalos E, Neumann H, Babic B, Heinrich 
S, Lang H et al (2019) Preoperative endoscopic pyloric balloon 
dilatation decreases the rate of delayed gastric emptying after 
Ivor-Lewis esophagectomy. Dis Esophagus. https:// doi. org/ 10. 
1093/ dote/ doy097

 33. Nakabayashi T, Mochiki E, Garcia M, Haga N, Kato H, Suzuki 
T et al (2002) Gastropyloric motor activity and the effects of 
erythromycin given orally after esophagectomy. Am J Surg 
183(3):317–323

 34. Collard JM, Romagnoli R, Otte JB, Kestens PJ (1998) The dener-
vated stomach as an esophageal substitute is a contractile organ. 
Ann Surg 227(1):33–39

 35. Hill AD, Walsh TN, Hamilton D, Freyne P, O’Hare N, Byrne PJ 
et al (1993) Erythromycin improves emptying of the denervated 
stomach after oesophagectomy. Br J Surg 80(7):879–881

 36. Gutschow C, Collard JM, Romagnoli R, Salizzoni M, Holscher A 
(2001) Denervated stomach as an esophageal substitute recovers 
intraluminal acidity with time. Ann Surg 233(4):509–514

 37. Urschel JD, Blewett CJ, Young JE, Miller JD, Bennett WF (2002) 
Pyloric drainage (pyloroplasty) or no drainage in gastric recon-
struction after esophagectomy: a meta-analysis of randomized 
controlled trials. Dig Surg 19(3):160–164

https://doi.org/10.1097/SLA.0000000000004309
https://doi.org/10.1097/SLA.0000000000004309
https://doi.org/10.1093/dote/doz074
https://doi.org/10.1093/dote/doz074
https://doi.org/10.1093/dote/doy097
https://doi.org/10.1093/dote/doy097


6783Surgical Endoscopy (2022) 36:6777–6783 

1 3

 38. Palmes D, Weilinghoff M, Colombo-Benkmann M, Senninger 
N, Bruewer M (2007) Effect of pyloric drainage procedures on 
gastric passage and bile reflux after esophagectomy with gastric 
conduit reconstruction. Langenbecks Arch Surg 392(2):135–141

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	There is no correlation between a delayed gastric conduit emptying and the occurrence of an anastomotic leakage after Ivor-Lewis esophagectomy
	Abstract
	Introduction 
	Patients and methods 
	Results 
	Conclusion 

	Methods
	Study design
	Operative procedure
	Clinical parameters and postoperative procedures
	Study endpoints
	Statistical analysis

	Results
	Discussion
	References




