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Abstract 

Aim  The aim of this study was to introduce the Esophagus-Sparing Anastomotic Narrowing Revision (ESANR) tech-
nique for the intraoperative management of anastomotic narrowing and to conduct a literature review to provide 
an algorithm for the management of narrowing and strictures that may develop secondary to esophagojejunostomy.

Methods  Three patients with anastomotic narrowing during esophagojejunostomy were analyzed between Sep-
tember 2019 and June 2024. The anastomotic narrowing was detected by intraoperative gastroscopy after recon-
struction. The ESANR technique was performed for the management of anastomotic narrowing. We conducted 
a systematic search of PubMed, Embase, and Web of Science databases for studies published up to June 2024 related 
to the treatment of anastomotic stricture. Data on the number of patients, sex, age, type of anastomosis, treatment, 
and outcomes were collected.

Results  The ESANR technique proved effective for the management of anastomotic narrowing in patients who 
underwent esophagojejunostomy during gastric cancer surgery. No anastomotic stricture or leakage was found 
following ESANR, and all three patients recovered without complications. 12 studies with a total of 174 patients 
were analyzed. The management of anastomotic stricture, which included Balloon Dilation (BD), Endoscopic Incision 
Therapy (EIT), stent placement, Endoscopic combination therapy (Needle-Knife stricturotomy NKS, Balloon Dilation 
with Triamcinolone Injection TAC), and re-do laparoscopic esophagojejunostomy.

Conclusions  In conclusion, the ESANR technique demonstrates potential advantages in addressing anastomotic nar-
rowing in esophagojejunostomy. However, further clinical data and analyses are necessary to verify its effectiveness 
and establish robust statistical support.
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Background
Gastric cancer is the fifth most common cancer and the 
fourth leading cause of cancer related mortality globally 
[1]. An estimated 20–40% of gastric cancers are now found 
in the upper portions of the stomach [2, 3]. For patients 
with proximal gastric cancer, a total gastrectomy with 
esophagojejunostomy reconstruction is often required to 
achieve the oncological goal of R0 resection [4].

Anastomotic stricture is one of the serious complica-
tions that may occur after reconstruction of esophago-
jejunostomy in gastric cancer surgery [5], with incidence 
rates from 0.6% to 8% [6–8]. The causes of anastomotic 
stricture include: 1) Selection of an inappropriately 
sized circular stapler [9]. 2) Improper stapler used dur-
ing surgery, such as clamping the contralateral mucosa; 
3) Suturing to the contralateral mucosa during manual 
suturing; and 4) Anastomotic ischemia, leakage, ulcera-
tion, or infection, which can lead to chronic inflamma-
tion and the formation of scar tissue at the anastomosis 
[10–14]. 5) Cancer recurrence in the anastomosis is also 
an important cause of anastomotic stricture [15–18].

Addressing technical issues intraoperatively is crucial 
to prevent the development of anastomotic stricture. No 
studies have previously focused on the intraoperative man-
agement of esophagojejunostomy anastomotic narrowing. 
The aim of this study was to introduce the ESANR tech-
nique for the intraoperative management of anastomotic 
narrowing and to conduct a literature review to provide an 
algorithm for the management of narrowing and strictures 
that develop as a result of esophagojejunostomy.

Materials and methods
We conducted a retrospective search of all patients who 
underwent total gastrectomy with esophagojejunos-
tomy between September 2019 and June 2024. The data 

of patients who developed anastomotic narrowing of the 
esophagojejunostomy intraoperatively were analyzed. 
The Olympus gastroscope was used for intraoperative 
GAM procedure in the three patients (Olympus Medi-
cal Systems, Tokyo, Japan). GAM procedure was intro-
duced previously [19, 20]. If the anastomosis was found 
to be completely occluded or if the gastroscope could not 
pass through the anastomosis, the ESANR technique was 
recommended.

The steps of the ESANR technique are as follows: First, 
an incision was made on the jejunal side of the Roux 
limb using an ultrasonic scalpel, creating an entry point 
to address the anastomotic narrowing while minimizing 
the risk of damage to the esophagus. The direction and 
length of the incision are determined by the surgeon, tak-
ing into account the severity and specific characteristics 
of the narrowing. Second, the anastomotic narrowing 
was opened and widened by releasing the sutured con-
tralateral mucosa using the ultrasonic scalpel combined 
with an electrosurgical hook. A nasogastric or nasojeju-
nal tube was then inserted as a guide or for the subse-
quent suture. Finally, the common entry of the jejunum 
and esophagus was closed with a V-lock running suture. 
The schematic of ESANR is illustrated in Fig. 1.

A systematic review encompassing intraoperative 
anastomotic narrowing and postoperative strictures was 
conducted. We systematically searched the PubMed, 
Embase, and Web of Science databases for published 
reports on the treatment of anastomotic stricture after 
total gastrectomy for gastric cancer up to June 2024. 
The search terms used included “esophagojejunostomy” 
“anastomotic stenosis” “anastomotic narrowing” “gastric 
cancer” and “anastomotic stricture”. Irrelevant and non-
English-language articles were excluded based on titles 
and abstracts. Clinical data including number of patients, 

Fig. 1  Schematic of Intraoperative Esophagus-Sparing Anastomotic Narrowing Revision (ESANR)
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sex, age, images, diagnosis, type of anastomotic stricture, 
treatment and outcome were collected.

Results
Three patients who underwent total gastrectomy with 
esophagojejunostomy complicated with intraopera-
tive anastomotic narrowing. Specifically, portions of the 
counter-mesenteric mucosa or intestinal wall were inad-
vertently stapled into the anastomosis, leading to a nar-
rowing of the lumen. After a literature search, we have 
not found any other reports related to the resolution of 
anastomotic narrowing during esophagojejunostomy. An 
algorithm for the management of narrowing and stric-
tures that develop as a result of esophagojejunostomy 
was also provided (Fig. 7).

Case 1
An 82-year-old male patient was admitted to the hospi-
tal on November 6, 2019, after experiencing dysphagia 

for 2  months. The patient had developed dysphagia 
and belching, which were not alleviated by medication. 
Computed tomography (CT) revealed thickening of the 
upper stomach wall (Fig. 2A). Preoperative gastroscopic 
biopsy confirmed the diagnosis of gastric adenocarci-
noma. The patient underwent total gastrectomy with 
esophagojejunostomy. However, intraoperative gastros-
copy revealed narrowing at the anastomosis caused by 
the circular stapler (Fig. 3A, B). To address the anasto-
motic narrowing, the ESANR technique was employed 
(Fig. 3). The total operative duration was 600 min, with 
the ESANR technique taking 45  min. Postoperative 
upper gastrointestinal radiography showed no anasto-
motic stricture or leakage of contrast medium (Fig. 6A). 
The patient recovered well and was discharged without 
complications.

Fig. 2  Preoperative CT images of case 1–3. A Preoperative CT image of case 1; B Preoperative CT image of case 2. C Preoperative CT image of case 
3

Fig. 3  Intra-operative images of CASE 1 patient. A, B Intraoperative gastroscopy revealed anastomotic narrowing. C An incision was made 
on the jejunum side of Roux limb using an ultrasonic scalpel. D The anastomotic narrowing was opened and widened by releasing the sutured 
contralateral mucosa with the ultrasonic scalpel combined with electrosurgical hook. E, F The common entry of jejunum and esophagus 
was closed with a V-lock running suture
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Case 2
A 64-year-old male patient presented with a chief com-
plaint of persistent abdominal distension for 6  months. 
Gastroscopy revealed an esophagogastric junction 
tumor, and pathology identified gastric adenocarcinoma. 
Computed tomography (CT) showed esophagogastric 
junction cancer close to the lesser curvature of the stom-
ach. Preoperative staging indicated a T2N2M0 tumor 
(Fig. 2B). The patient underwent total gastrectomy with 
esophagojejunostomy. However, intraoperative gas-
troscopy during the procedure revealed an anastomotic 
narrowing caused by the circular stapler (Fig.  4A). To 
address the anastomotic narrowing, the ESANR tech-
nique was performed (Fig.  4). The total operative time 
was 370 min, with the ESANR technique taking 50 min. 
Postoperative upper gastrointestinal radiography showed 
no anastomotic stricture or leakage of contrast medium 
(Fig. 6B). The patient recovered well and was discharged 
without complications. No significant abnormalities were 
noted at postoperative follow-up.

Case 3
A 76-year-old female patient presented with a chief com-
plaint of epigastric discomfort for more than 2 months. 
Gastroscopy revealed a tumor at the esophagogastric 
junction. Pathology confirmed the diagnosis of gastric 
adenocarcinoma. A computed tomography (CT) scan 
showed that the esophagogastric junction cancer was 
close to the lesser curvature of the stomach. Preopera-
tive staging indicated a T3N0M0 tumor (Fig.  2C). The 

patient underwent total gastrectomy with esophagojeju-
nostomy. However, intraoperative gastroscopy revealed 
anastomotic narrowing. The contralateral mucosa of the 
jejunum was clamped into the anastomosis by the circu-
lar stapler, resulting in anastomotic narrowing (Fig. 5A). 
To address the anastomotic narrowing, the ESANR tech-
nique was performed (Fig.  5). The total operative time 
was 330 min, with the ESANR technique taking 45 min. 
Postoperative upper gastrointestinal radiography showed 
no anastomotic stricture or leakage (Fig. 6C). The patient 
recovered uneventfully.

Literature review
A total of 12 studies on the management of narrowing 
and strictures that may develop secondary to esophago-
jejunostomy were included (Table  1). The included 
studies provided different treatments for anastomotic 
stricture after total gastrectomy and esophagojejunos-
tomy for gastric cancer. Of the 12 studies, 7 were case 
reports, 4 were retrospective studies, and 1 was a pro-
spective study. Only 6 studies described the type of sta-
pler used in esophagojejunostomy, all of which were 
circular staplers. In 11 studies, anastomotic strictures 
were diagnosed postoperatively, while only our study 
diagnosed anastomotic narrowing intraoperatively. In 
total, 174 patients were included across the 12 studies, 
including 107 males and 67 females (Table  2). Among 
them, 140 patients had benign strictures/narrowing, 
and 34 had malignant strictures. Of the 140 patients 
with benign anastomotic strictures/narrowing, 93 were 

Fig. 4  Intra-operative images of CASE 2 patient. A Intraoperative gastroscopy revealed anastomotic narrowing. C An incision was made 
on the jejunum side of Roux limb using an ultrasonic scalpel. D The anastomotic narrowing was opened and widened by releasing the sutured 
contralateral mucosa with the ultrasonic scalpel combined with electrosurgical hook. E, F The common entry of jejunum and esophagus 
was closed with a V-lock running suture
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treated with BD, 39 with EIT or MEIT, 3 with re-do 
esophagojejunostomy, 3 with ESANR, 1 with SEMS, and 
1 with endoscopic combination of NKS, BD with TAC. 
All 34 patients with malignant anastomotic strictures 
were treated with SEMS.

Discussion
Anastomotic stricture is one of the serious complica-
tions of esophagojejunostomy. It can lead to dysphagia 
and significantly impact the quality of life of patients, 
requiring treatment with multiple methods and even 
re-operation [21, 22]. Prevention plays a crucial role 
in reducing the incidence of anastomotic stricture fol-
lowing esophagojejunostomy. Therefore, it is impor-
tant to prevent serious postoperative complications 
by taking the necessary steps to address intraoperative 

anastomotic narrowing. Intraoperative anastomotic nar-
rowing can be encountered in esophagojejunostomy. 
Surgeons often resort to re-do anastomosis when such 
narrowing occurs. Here, we present a novel ESANR 
technique that effectively addresses anastomotic nar-
rowing during esophagojejunostomy.

ESANR is a technique employed during esophagojeju-
nostomy to revise anastomotic narrowing, providing the 
benefit of avoiding the need to re-do the entire anastomo-
sis, thereby preserving valuable esophageal length/tissue. 
However, this technique is not intended for the treat-
ment of long-term chronic strictures. We included both 
intraoperative anastomotic narrowing and postoperative 
stricture in this study for the following reasons: 1) Intra-
operative anastomotic narrowing is thought to contrib-
ute to the development of postoperative strictures and 

Fig. 5  Intra-operative images of CASE 3 patient. A Gastroscopy during esophagojejunostomy revealed only the blind end of the jejunum. B, C 
An incision was made on the jejunum side of Roux limb using an ultrasonic scalpel. D The anastomotic narrowing was opened and widened 
by releasing the sutured contralateral mucosa with the ultrasonic scalpel combined with electrosurgical hook. E, F The common entry of jejunum 
and esophagus was closed with a V-lock running suture

Fig. 6  Postoperative upper gastrointestinal contrast imaging. A Postoperative upper gastrointestinal contrast imaging of case 1. B Postoperative 
upper gastrointestinal contrast imaging of case 2. C Postoperative upper gastrointestinal contrast imaging of case 3
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may represent a risk factor. 2) Including ESANR along-
side postoperative anastomotic strictures allowed us to 
develop a more comprehensive algorithm for managing 
the narrowing and strictures associated with esophagoje-
junostomy (Fig. 7). 3) The absence of published data spe-
cifically addressing intraoperative anastomotic narrowing 
made it challenging to focus the literature review exclu-
sively on this topic.

Prevention of anastomotic stricture
Several methods have been reported for the prevention of 
anastomotic stricture: 1) Selecting the appropriate stapler 
intraoperatively based on the diameter of the esophagus 
and jejunum can effectively prevent anastomotic stric-
ture [9]. It is crucial to avoid excessive compression of the 
anastomotic tissue and to ensure proper mucosal align-
ment, maintaining a single-layer intestinal wall within the 
stapler. 2) Performing intracorporeal esophagojejunos-
tomy using linear staplers (overlap method) during lapa-
roscopy may reduce complications such as anastomotic 
bleeding and stricture [30]. 3) Fujimoto et al. introduced 
the "hybrid anastomosis," in which end-to-side anasto-
mosis was performed using a circular stapler followed by 
side-to-side anastomosis by a linear stapler. This approach 
compensates for the limitations of the circular stapler 
method in esophagojejunostomy and effectively prevents 
strictures [31]. 4) For manual anastomosis, using absorb-
able sutures can reduce the incidence of postoperative 
anastomotic inflammation [32]. 5) After completing the 
anastomosis, checking its patency and integrity is essen-
tial. Gao et al. described a comprehensive leak detection 
procedure involving gastroscopy, air, and methylene blue 
(GAM) for assessing the anastomosis post esophagojeju-
nostomy. This method could effectively prevent anasto-
motic complications resulting from technical deficiencies 
in patients undergoing total gastrectomy for gastric can-
cer [20]. 6) Postoperative complications such as leakage, 
fistulas, infection, and edema lead to an inflammatory 
reaction and scar tissue proliferation, causing anastomotic 

stricture [11, 12], therefore active treatment of complica-
tions is also important to prevent stricture.

Management of anastomotic narrowing and strictures
Management of narrowing and strictures that develop 
because of esophagojejunostomy require considera-
tion of its etiology and severity. Currently, no stand-
ardized treatment exists for the management of 
anastomotic narrowing and strictures. Therefore, devel-
oping an algorithm, is crucial for guiding the manage-
ment of narrowing and strictures that develop as a result 
of esophagojejunostomy.

BD
Since London et  al. reported successful treatment of 
esophageal strictures with a Gruentzig-type balloon 
catheter in 1981 [33], BD has become a widely used 
method for treating anastomotic strictures globally. 
Common methods of guidance for BD include endo-
scopic and fluoroscopic guidance [26]. Endoscopic BD 
has been recognized as highly effective for benign anas-
tomotic stricture after radical surgery for gastric can-
cer and should be considered as a primary intervention 
before reoperation [34]. Two critical factors in BD are 
the number of sessions required and the diameter of 
dilation. One reported suggests that BD to 15 mm in a 
single session for benign anastomotic strictures after 
Roux-en-Y gastric bypass surgery is safe and effec-
tive [23]. Another study suggested that BD to 20  mm 
appears to be optimal for prevention of recurrent symp-
toms with the fewest complications [26]. Regarding the 
number of sessions of dilation, several previous studies 
focusing on the BD procedure have found that more 
than 40% of cases require at least three additional dila-
tions to achieve an optimal outcome. The success rate 
reported in the literature ranges from 70 to 90% [12, 
14, 35]. The success rate of the articles we included was 

Table 2  Basic information on included patients receiving each management method

Patients Sex(male/female) Type of stricture/narrowing Time of stricture/
narrowing diagnosis 
confirmed

Initial 
success 
rate

BD 93 52/41 93 benign Postoperative 78.4%

EIT/MEIT 39 26/13 39 benign Postoperative 100%

Combination of NKS, BD 
with TAC​

1 1/0 1 benign Postoperative 100%

Stent 35 23/12 1 benign, 34 malignant Postoperative 94%

surgery 3 3/0 3 benign Postoperative 100%

ESANR 3 2/1 3 benign Intraoperative 100%
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approximately 78.4%, which is comparable to what has 
been previously reported in the literature [22, 23, 26].

EIT
EIT is a straightforward technique where an endoscopic 
knife cuts in the fibrotic tissue of a stricture under direct 
vision. G. Brandimarte et  al. first reported its use in 
2002 for the treatment of esophagojejunostomy anasto-
motic strictures after total gastrectomy [28]. Since then, 
EIT has increasingly been adopted in the management 

of strictures, primarily as a second-line treatment for 
patients in which strictures recur or are refractory [36]. 
Studies have indicated that EIT can also serve as a safe 
and effective primary treatment for esophagojejunostomy 
anastomotic strictures after total gastrectomy, showing 
significantly lower recurrence of stricture rates compared 
to BD [22]. A modified method of incisional therapy 
(MEIT) proposed by Lee et al. was the use of a transpar-
ent hood attached to the scope tip for better visualization 
of the work field. Their research suggested that MEIT 

Fig. 7  Algorithm for the management of anastomotic narrowing and strictures. ESANR: Esophagus-Sparing Anastomotic Narrowing Revision. BD: 
Balloon Dilatation. EIT: Endoscopic Incisional Therapy
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was safe and feasible as a primary treatment, potentially 
maintaining patency longer in benign anastomotic stric-
tures of esophagus [29]. The recurrence free rate of EIT 
as a primary treatment was between 80.6%and 93% in 
6–24 months follow-up [29, 37, 38]. The success rate of 
the literature we included that used either EIT or MEIT 
was 100% [22, 28, 29].

Stent placement
The types of stents include self-expanding plastic stents 
(SEPS), self-expanding metal stents (SEMS), and biode-
gradable stents [39, 40]. Toshiko Iwasaki and Hiroyoshi 
Iguchi first reported two cases of recurrent malignant 
anastomotic stricture, that self-expanding metallic stents 
were placed in 1993. Unfortunately, both patients died 
shortly after stent placement: one due to cachexia and 
the other due to widespread metastases and renal failure 
[15, 16]. Currently, SEMS is more commonly used for 
esophagojejunostomy anastomotic stricture, particularly 
when malignant strictures or prior treatments like BD 
or EIT have not provided sufficient improvement. Stud-
ies have demonstrated that stent placement effectively 
treated anastomotic leakage, stricture, and obstruction 
following gastrectomy, thereby improving nutrition and 
reducing the morbidity and mortality risks associated 
with reoperation [15, 16, 25, 41–43]. The success rate of 
the literature using SEMS that we included was approxi-
mately 94% [27]. SEMS has proven particularly beneficial 
for patients with anastomotic stricture caused by tumor 
recurrence after curative surgery, offering a safe and non-
surgical therapeutic option [17, 18].

Endoscopic combination of NKS, BD with TAC​
Endoscopic treatment modalities can involve sin-
gle methods or combinations thereof. Jad Farha et  al. 
reported the successful use of a combination of BD, tri-
amcinolone (TAC) injection following needle-knife 
stricturotomy approach for the treatment of esophago-
jejunostomy anastomotic strictures. This approach was 
recommended for patients whose strictures have pro-
gressed despite repeated BD treatments with minimal 
improvement and persistent dysphagia [24]. However, 
safety and efficacy still need to be explored due to lim-
ited data available, especially in regards to stapled anasto-
motic strictures.

Re‑do laparoscopic esophagojejunostomy
Surgical intervention becomes necessary for patients 
experiencing severe obstruction, such as complete 
blockage, strangulation, necrosis, or perforation, which 
cannot be managed by the previously mentioned treat-
ment methods. However, performing laparoscopic re-do 

esophagojejunostomy is technically demanding. Dai 
Manaka et al. reported on repeat laparoscopic esophago-
jejunostomy for anastomotic stricture after esophagojeju-
nostomy. The surgery was successful in all three patients, 
and they concluded that this approach should be consid-
ered only for patients who are resistant to non-surgical 
treatments [21]. Importantly, reoperation should be con-
ducted by a surgeon with extensive surgical experience.

Limitations
Our study has several limitations. First, with only three 
cases included, the findings may not adequately represent 
the entire target population and are subject to sampling 
bias. Second, the efficacy and safety of the ESANR tech-
nique require further investigation and validation. Third, 
the literature review was constrained by the lack of high-
quality studies, with more than half of the references 
included being case reports.

Conclusion
In conclusion, the ESANR technique demonstrates 
potential advantages in addressing anastomotic narrow-
ing in esophagojejunostomy. However, further clinical 
data and analyses are necessary to verify its effectiveness 
and establish robust statistical support.
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