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Introduction

Thoracolaparoscopic esophagectomy (TLE) with 3-field 
lymphadenectomy is considered safe and feasible for patients 
with esophageal squamous cell carcinoma (ESCC) (1,2). 
Cervical esophagogastric anastomosis (CEGA) is preferred 
during esophagectomy because it eliminates the risk of 

postoperative mediastinitis due to intrathoracic anastomotic 
leaks, which are often associated with fatal consequences 
(3,4). Both of short-term complications include anastomotic 
leak and long-term complications include anastomotic 
stricture negatively impact patient’s quality of life after 
esophagectomy (5). Although the majority of CEGA 
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leaks can be treated successfully with local wound care 
and adequate drainage (6), nearly half of the patients with 
anastomotic leak will develop an anastomotic stricture (7). 
When benign anastomotic stricture develops, recurrence of 
dysphagia defeats one of the main goals of esophagectomy, 
which is to relieve dysphagia and restore normal swallowing 
function (8). Thus, prevention of anastomotic leak and 
benign stricture after cervical anastomosis is essential for 
minimizing early morbidity and maximizing long-term 
functional results and quality of life (9).

The frequent and important problem of CEGA 
complications after esophagectomy has stimulated a variety 
of anastomotic techniques. CEGA could be performed 
either by a hand sewn or stapled anastomotic technique. 
Prospective randomized trials conducted by Hsu et al. (10)  
and Saluja et al. (7) reported that the incidence of 
anastomotic leak and stricture are comparable between 
hand sewn and stapled anastomosis. In addition, stapled 
technique is more expensive than hand sewn technique. 
Thus, hand sewn CEGA including end-to-end (ETE) and 
end-to-side (ETS) anastomosis has become the procedure 
of choice for a part of surgeons. A recent prospective 
randomized trial reported that ETS hand sewn anastomosis 
was associated with a higher anastomotic leak rate, while 
ETE hand sewn anastomosis was associated with a higher 
anastomotic stricture rate (11). To date, the ideal hand sewn 
CEGA technique remains elusive. In the past several years, 
a new ETE hand sewn CEGA technique named hybrid-
layered suture was tried in our center. The aim of our study 
was to compare the rate of anastomotic leak and stricture 
between Albert-Lembert and hybrid-layered hand sewn 
ETE CEGA.

Patients and methods

Patients

This study was performed in the Xijing Hospital of 
Digestive Diseases affiliated to the Fourth Military Medical 
University. Between November 2010 and September 2012, 
230 patients underwent esophagectomy with CEGA for 
ESCC were analyzed retrospectively. Preoperative staging 
was determined by endoscopic ultrasound (EUS) and 
enhanced abdominal-thoracic computed tomography (CT). 
This study was approved by the Ethics Committee of Xijing 
Hospital, and written informed consent was obtained from 
all patients before surgery.

Operative procedure

The operation procedures were based on the Pittsburgh 
technique (12) with slightly modification. All patients 
underwent thoracoscopic esophageal mobilization and 
lymphadenectomy, laparoscopic gastric mobilization, 
lymphadenectomy and gastric tube formation, and cervical 
anastomosis. In order to avoid the selection bias, both two 
different techniques were performed by Prof. Hongwei 
Zhang, the director of our department.

During gastric tube formation, gastroepiploic vessels and 
three branches of the right gastric artery were preserved to 
ensure sufficient blood supply of gastric tube. In detail, the 
lymph nodes along the right gastric artery were removed. 
The vessels between the third branch and fourth branch 
were ligated and cut. The gastric was cut from the point 
between the third branch and fourth branch of right gastric 
artery to the gastric fundus using cutting closure device. 
The proximal end of the gastric tube was resected as much 
as possible to ensure the good vascularity. The gastric 
tube was anticlockwise rotated for about 30° to ensure the 
stapling line at the anastomotic stoma was located at the 
anterior wall of gastric tube. In the Albert-Lembert suture 
group (Figure 1), interrupted posterior seromuscular sutures 
were performed using 3-0 silk to approximate the gastric 
tube and esophagus with 3 mm interval (Figure 1A). Then, 
interrupted stitches with full-thickness of the esophagus 
and gastric tube were performed (Figure 1B). The anterior 
wall of the anastomosis was performed in the same pattern 
as that of the posterior wall (Figure 1C). Finally, the anterior 
anastomosis was over sewn with interrupted 3-0 silk 
(Figure 1D). In the hybrid-layered suture group (Figure 2), 
interrupted posterior seromuscular sutures were performed 
using 3-0 silk to approximate the posterior wall of gastric 
tube and esophagus with three stitches (Figure 2A). Then, 
the needle goes from the fiber membrane through all layers 
into the lumen of the posterior wall of esophagus, across the 
incision, goes into the mucosal surface of the gastric tube 
and out from the submucosa, across the incision, goes into 
the submucosa of the esophagus and out from the mucosa, 
across the incision, goes from the mucosa through all layers 
and out from the serosa of gastric tube (Figure 2B,D). The 
anterior wall of the anastomosis was performed in the same 
pattern as that of the posterior wall (Figure 2C,D).

Postoperative management

Postoperatively, enteral nutrition was administrated on the 
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Figure 1 Hand sewn ETE CEGA with Albert-Lembert suture. (A) Over sewn of the posterior wall; (B) interrupted suture of the posterior 
wall; (C) interrupted suture of the anterior wall; (D) over sewn of the anterior wall; (E) ideograph of Albert-Lembert suture. ETE, end-to-
end; CEGA, cervical esophagogastric anastomosis.
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postoperative day (POD) 1 through jejunal feeding tube. 
The amount of enteral nutrition was gradually increased 
if there was no nausea, vomiting, abdominal distension, 
abdominal pain and diarrhea. The drainage in the neck 
was removed on POD 3 or POD 4. Upper gastrointestinal 
water-soluble contrast examination was performed on  
POD 5 to exam the integrity of the anastomosis. The 
oral feeding was initiated after the demonstration of no 
anastomotic leak from water to liquid to semi-liquid diet. 
If anastomotic leakage was identified, the cervical wound 
was opened to ensure adequate drainage of the collection 
or abscess. If the leakage demonstrated by contrast study 
without any clinical symptoms, the patients were treated 
conservatively without opening of the cervical wound.

Follow up

Majority of the patients were discharged between POD 7 
and POD 10. All the patients were followed 1 week after 
discharge, and were seen every 3 months. Routine blood 
test, liver function test, upper gastrointestinal water-soluble 
contrast examination, endoscopy, and CT were performed 
in all patients. 

Postoperative complications

Anastomotic leakage was defined according to the 
extravasation of water-soluble contrast examination or 
the extravasation of collections from cervical drainage 

Figure 2 Hand sewn ETE CEGA with hybrid-layered suture. (A) Over sewn of the posterior wall with only three stitches; (B) hybrid-
layered suture of the posterior wall; (C) hybrid-layered suture of the anterior wall; (D) ideograph of hybrid-layered suture. ETE, end-to-
end; CEGA, cervical esophagogastric anastomosis.
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or cervical wound. Anastomotic stricture was defined by 
dysphagia complaint or endoscopic proof of a stenosis 
which required dilatation or placement of stent to relieve 
postoperative dysphagia. Anastomotic recurrence was 
ruled out by endoscopic biopsy. If the patient complained 
about dysphagia between two follow up time points, 
endoscopic examination was routinely performed. If the 
patient was able to swallow only semisolid foods or had 
worse symptoms, dilatation of the stricture was performed 
by endoscopy. The degree of anastomotic leakage and 
anastomotic stricture were identified according to the 
Clavien-Dindo classification (13). Grade I, any deviation 
from the normal postoperative course without the need 
for pharmacological treatment or surgical, endoscopic, and 
radiological interventions. Allowed therapeutic regimens 
are: drugs as antiemetics, antipyretics, analgetics, diuretics, 
electrolytes, and physiotherapy. This grade also includes 
wound infections opened at the bedside. Grade II, requiring 
pharmacological treatment with drugs other than such 
allowed for Grade I complications. Blood transfusions 
and total parenteral nutrition are also included. Grade 
IIIa, intervention not under general anesthesia. Grade 
IIIb, intervention under general anesthesia. Grade IVa, 
single organ dysfunction (including dialysis). Grade IVb, 
multiorgan dysfunction. Grade V, death of a patient.

Statistical analysis

Data were processed using SPSS 16.0 for Windows. 
Numerical variables were expressed as the mean (range) 
unless otherwise stated. Differences between the two groups 
were tested using a two-tailed Student’s t-test. Discrete 
variables were analyzed using chi-square test or fisher’s exact 
test. The P value <0.05 was considered statistically significant.

Results

Clinical characteristic

We retrospectively analyzed 230 ESCC patients underwent 
esophagectomy with CEGA from November 2010 to 
September 2012. Among them, 111 patients underwent 
Albert-Lembert suture and 119 patients underwent hybrid-
layered suture. The perioperative clinical characteristics of 
the two groups were compared in Table 1. There were no 
significant differences between two groups in age, sex, body 
mass index (BMI), American Society of Anesthesiology 
(ASA) score, smoking history, forced expiratory volume 

in one second (FEV1), forced vital capacity (FVC), 
maximum ventilatory volume (MVV), ejection fraction (EF) 
value, location of tumors, differentiation status, pTNM 
classification, operating time, blood loss and postoperative 
stay (all P>0.05). The time of anastomosis in the hybrid-
layered suture group [29.00 (23.00, 35.00) min] was 
significantly shorter than that in Albert-Lembert suture 
group [34.00 (28.00, 38.00) min, P=0.02].

Anastomotic leakage

Anastomotic leakage occurred in 14 patients in the Albert-
Lembert suture group (12.61%), four cases with Grade I 
leakage, five cases with Grade II leakage, four cases with 
Grade IIIa leakage and one case with Grade IIIb leakage 
(Table 2). Compared with Albert-Lembert suture group, 
anastomotic leakage occurred in four patients in the hybrid-
layered suture group (3.36%, P=0.01), three cases with 
Grade I leakage and one case with Grade IIIa leakage. 
There were no significant differences between the two 
groups regarding the distribution of anastomotic leakage 
classes (P=0.33). Of all 18 patients with anastomotic leakage, 
17 patients were treated conservatively with gastrointestinal 
decompression, fasting, antibiotics and adequate drainage,  
1 patient underwent jejunostomy.

Anastomotic stricture

Benign anastomotic stricture confirmed by endoscopy 
developed in 15 patients (13.51%) in Albert-Lembert suture 
group and in 6 patients (5.04%) in the hybrid-layered 
suture group. The onset of stricture showed no significant 
differences between the two groups (Table 2). All the patients 
with anastomotic strictures were treated with dilatation. The 
frequency of dilatations needed in the Albert-Lembert suture 
group were 1.47±0.24 times, compared with 1.67±0.33 times 
in the hybrid-layered suture group (P=0.64).

We found that anastomotic stricture developed in 5 of 
18 patients who had anastomotic leak (27.77%), and in  
16 of 212 patients without anastomotic leak (7.55%, 
P=0.02). There was no significant difference between the 
two groups in this relation between anastomotic leak and 
stricture, 4 of the 14 patients with anastomotic leak in the 
Albert-Lembert suture group developed stricture (28.57%) 
compared to 1 of 4 patients with anastomotic leak in the 
hybrid-layered suture group (25.00%, P=1.00). Using the 
Kaplan-Meier method, the rates of stricture in both groups 
are plotted in Figure 3. The one year cumulative stricture 
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rate was 13.51% in the Albert-Lembert suture group and 
5.04% in the hybrid-layered suture group (P=0.03).

Discussion

Considering the frequent and still important problem 

of CEGA leakage and stricture after esophagectomy, a 
successful anastomosis is critical to the favorable outcome of 
esophagogastrectomy. Although traditional hand sewn CEGA 
technique has been widely used for treatment of ESCC, the 
optimal CEGA technique remains subject of debate.

In several studies, the hand sewn ETE CEGA was 

Table 1 Clinical and pathological characteristics

Characteristics Albert-Lembert suture (n=111) Hybrid-layered suture (n=119) P value

Age (years) 59.00 (55.00, 64.00) 59.00 (53.00, 63.00) 0.21

Sex 0.88

Male 86 91

Female 25 28

Body mass index (BMI) 21.98 (20.39, 24.56) 21.83 (19.56, 25.79) 0.50

ASA score 0.17

I 3 0

II 91 103

III 17 16

FEV1 (L) 96.50 (86.80, 107.20) 98.50 (88.95, 107.43) 0.25

FVC (L) 96.60 (87.25, 104.70) 98.00 (89.80, 107.90) 0.18

MVV (L/min) 79.00 (67.85, 88.60) 77.90 (65.40, 92.20) 0.97

EF (%) 59.00 (55.50, 62.00) 59.00 (56.00, 61.00) 0.92

Location of tumors 0.12

Upper 26 23

Middle 51 44

Lower 34 52

Differentiation status 0.22

Well differentiated 62 51

W-M differentiated 8 13

Moderately differentiated 30 40

M-P differentiated 5 11

Poorly differentiated 5 4

pTNM classification 0.37

I 35 40

II 33 43

III 43 36

IV 0 0

Operating time (min) 320.00 (285.00, 360.00) 345.00 (300.00, 375.00) 0.10

Time of anastomosis (min) 34.00 (28.00, 38.00) 29.00 (23.00, 35.00) 0.01

Blood loss (mL) 200.00 (150.00, 350.00) 200.00 (200.00, 300.00) 0.56

Postoperative stay (days) 10.00 (9.00, 12.00) 9.00 (8.00, 11.25) 0.27

30 days mortality 0 0 ---

ASA, American Society of Anesthesiology; FEV1, forced expiratory volume in one second; FVC, forced vital capacity; MVV, maximum 

ventilatory volume; EF, ejection fraction.
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associated with 4-25% anastomotic leaks (11). In our present 
study, anastomotic leak rate was 7.83%, which was relatively 
low compared to majority of the previous reports. The low 
incidence of anastomotic leak in our present study could 
be attributed to series of factors. Previous studies reported 
that the volume of centers and surgeons are also associated 
with anastomotic leakage (14,15). More than 120 cases  
of esophagectomy were performed in our department per 
year and every single surgeon could perform more than 
50 cases of esophagectomy per year. The high center 
volume (16) and surgeon specialty of our department may 
resulted in the low anastomotic leak rate. The other main 
reason could be the preparation of gastric tube. A gastric 
tube with 3 cm wide was formed by resection along the 
lesser curvature using linear stapler device. The reported 
formation of gastric tube mostly relies right and left 

gastroepiploic artery as the only arterial blood supply (11). 
As approximately 15% of patients with a Kosk as type II 
anatomy lack connections between the two arteries (17,18), 
therefore preservation of these two arteries may resulted 
in ischemia of gastric tip, which may lead to anastomotic 
leak. Thus, three branches of the right gastric artery were 
preserved during gastric tube formation in addition to the 
preservation of right and left gastroepiploic artery. This 
procedure could partially improve blood supply of gastric 
tube and may prevent anastomotic leak.

In our present study, the leak rate in the hybrid-
layered suture group was 3.36%, which was significantly 
lower than that in the Albert-Lembert suture group 
(12.61%). Although hypertension, diabetes mellitus, 
chronic obstructive pulmonary disease, heart disease and 
lower FEV1% are considered as risk factors for developing 
anastomotic leakage (19-21), these parameters were 
comparable between the two groups. Thus, the different 
leak rate mainly attributed to the different anastomotic 
techniques. 

Dysphagia after esophagectomy could be resulted 
from several reasons including anatomic and functional 
etiologies. Dysphagia alone does not prove the presence of 
anastomotic stricture, and not all patients with anastomotic 
stricture complain about dysphagia. Therefore, endoscopic 
examination was performed immediately if patients 
complain about dysphagia, or routinely performed on follow 
up time points. In the previous studies, hand sewn ETE 
CEGA was associated with 9-45% anastomotic stricture 
formation (11). In our present study, the overall anastomotic 
stricture rate was 9.13%. The variation of anastomotic 
stricture rate reported in the literatures may be influenced 
by series factors including the diagnostic criteria (22) of 
anastomotic stricture and follow up duration. Mathew et al.  
reported that excessive tension on the gastrointestinal 

Table 2 Anastomotic leakage and stricture

Characteristics Albert-Lembert suture (n=111) (%) Hybrid-layered suture (n=119) (%) P value

Anastomotic leakage 14(12.61) 4 (3.36) 0.01

Grade I 4 3 0.33

Grade II 5 0

Grade IIIa 4 1

Grade IIIb 1 0

Anastomotic stricture 15 (13.51) 6 (5.04) 0.04

Onset of stricture (months) 2.90±0.57 2.33±0.88 0.60

Grade IIIa 15 6 0.04

Figure 3 Cumulative up-going curve for stricture in each group 
after Albert-Lembert or hybrid-layered suture CEGA (P=0.03). 
CEGA, cervical esophagogastric anastomosis.
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anastomosis may promote stricture formation (23). During 
anastomosis in both of our groups, the gastric tube was fixed 
to the esophageal hiatus and thoracic inlet through three 
interrupted stitches, which could prevent excessive tension 
on the anastomosis resulted from descending of the gastric 
tube, and finally may reduce stricture formation.

In the present study, the anastomotic stricture developed 
in 6 of 119 patients (5.04%) in hybrid-layered suture group, 
which was significantly lower than that of Albert-Lembert 
suture group (13.51%). Anastomotic strictures are mainly 
associated with the following factors including anastomotic 
technique, surgeon specialty and anastomotic leakage (24). 
Poor involution of mucosa and muscularis of gastric tube 
and esophagus may result in scar formation, which could 
promote anastomotic stricture formation (25). Thus, we 
considered that low anastomotic stricture rate in hybrid-
layered suture group may partially attribute to the well 
involution of mucosa and muscularis of the anastomotic 
stoma. Double-layer suture in our Albert-Lembert suture 
group is another potential risk factor of anastomotic 
stricture formation, as double-layer suture could decrease 
the inner diameter of anastomosis (26).

Anastomotic leakage following CEGA is a known risk 
factor for development of anastomotic stricture, which 
has been reported to occur in approximately 50% of 
anastomotic leaks (27). In our present study, anastomotic 
stricture developed in 5 of 18 patients who had anastomotic 
leak (27.77%), and there was no significant difference in 
this relation between the two groups. We also found that 
patients with anastomotic leakage were prone to develop 
anastomotic stricture subsequently.

We found that hybrid-layered suture was quicker to 
perform than Albert-Lembert suture. The main reason for 
this shorter time was probably because hybrid-layered suture 
was performed using one layer suture rather than double 
layer suture in Albert-Lembert suture group. However, no 
significant difference in total operation time was observed 
between the two groups. We found no significant difference 
in the time to onset of stricture and average dilatations 
between the two groups. The frequency of dilatations 
needed to treat anastomotic stricture in our present study 
was lesser than that reported by Nederlof et al. (11).  
After the last dilatation, considering economic factors, 
many patients did not come back for further dilatation if 
anastomotic stricture progressed. This could partially affect 
the frequency of dilatations recorded.

The hybrid-layered suture method in our study was 
similar to Gambee suture method (28). In 1951 Gambee 

designed a suture method that apposed both the serosa and 
the mucosa, forming a single layer anastomosis (29). The 
Gambee suture was performed by passing the needle from 
the serosa through all layers into the lumen. Then, the 
needle was directed from the lumen through the submucosa, 
across the incision, through the submucosa and mucosa and 
into the lumen. Then, the suture was reintroduced through 
the entire thickness of the wall to emerge on serosal surface 
of the bowel (30). Gambee suture was found less edema 
in the anastomotic line and better mucosal coverage, 
and it histologically was closer to the ideal healing (31). 
Thus, Gambee suture seemed to be an ideal technique for 
anastomosis (32). However, we found that Gambee suture 
was slightly less easy to perform. Thus, we introduced a 
new suture method in our clinical practice. Unfortunately, 
the new suture method was not compared with Gambee 
suture method in our study. 

There are limitations to our study. First, it was a 
retrospective study. To clarify the influence of suture 
methods on anastomotic leakage and stricture, a well-
designed randomized clinical trial should be carried out. 
Second, the sample size of the current study was fairly 
small, and further study with larger sample size should be 
carried out to confirm our findings. Third, further studies 
comparing the hybrid-layered suture to Gambee suture 
should be carried out.

Conclusions

In conclusion, hand sewn ETE CEGA with hybrid-layered 
suture is associated with lower anastomotic leakage and 
stricture rate, compared to hand sewn ETE CEGA with 
Albert-Lembert suture.
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