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<ABSTRACT>

Outcomes of treatments for leakages after gastrectomy in the 

gastric cancer

Chul Kyu Roh

Department of Medicine
The Graduate School, Yonsei University 

(Directed by Professor Woo Jin Hyung)

Background: Leakage is a serious and potentially fatal complication after 
gastrectomy for gastric cancer. However, comprehensive reports for 
leakage after gastrectomy still limited. We aimed to  evaluate the 
incidence and treatment outcomes of leakage after gastrectomy for cancer.

Methods: The medical records of 14075 patients who received 
gastrectomy for gastric cancer from January 2005 to December 2017 at 
the Department of Surgery, Yonsei University College of Medicine were 
reviewed. Leakage was diagnosed radiologically, endoscopically, or 
clinically. Treatment of leakages consisted of conservative, interventional, 
or surgical treatment. The main outcomes were the leakage incidence, 
treatment outcomes, and leakage-related mortality. 

Results: Leakage was most commonly detected on postoperative day 7 
(range: 1-29 days). The overall leakage incidence was 1.51% 
(213/14,075), and the most common site was the esophagojejunostomy 
(2.07%; P<0.001). Leakage after total gastrectomy was more common for 
minimally invasive surgery (robotic: 5.83%, laparoscopic: 3.56%, open: 
1.64%; P<0.001), while leakage after distal gastrectomy was more 
common for open (open: 1.55%, laparoscopic: 0.69%, robotic: 0.81%; 
P=0.001). Leakage incidence was higher in the initial 100 cases than in 
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the later cases (2.4 vs. 1.3%; P<0.001), especially in minimally invasive 
surgery. Early leakage (≤4 days after surgery) was more common after 
minimally invasive surgery (laparoscopic: 35.4%, robotic: 29.0%, open: 
12.7%; P=0.006). The initial treatment success rate was 70.4% (150/213), 
and duodenal stump leakage was more successfully resolved with the 
initial treatment than others (96.6%, P<0.001). Surgery after initial 
treatment failure demonstrated a higher success rate for early leakage than 
for late leakage (80.0 vs. 22.2%). The duration of leakage treatment was 
longer for early leakage than for late leakage (32 vs. 23 days; P=0.007). 
Fifteen patients (7.0%) died; the highest mortality rates were observed at 
the esophagojejunostomy (10.5%) and gastrojejunostomy (11.1%) leakages. 
Leakage-related mortality accounted for 38.5% (15/39) of all mortality 
after gastrectomy.

Conclusions: Leakage after gastric cancer surgery is associated with a 
high mortality. Improved surgeon experience with minimally invasive 
techniques is required to reduce the risk of leakage, especially for total 
and proximal gastrectomy. Surgery is an effective treatment for early 
leakage, although further studies are needed to establish appropriate 
treatment strategies.

                                                                       
Key words : gastric cancer, gastrectomy, leakage, treatment
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Outcomes of treatments for leakages after gastrectomy in the 
gastric cancer

Chul Kyu Roh

Department of Medicine
The Graduate School, Yonsei University 

(Directed by Professor Woo Jin Hyung)

I. INTRODUCTION
Radical surgery is the only potentially curative treatment for resectable 

gastric cancer. However, gastrectomy for cancer is a technically 
demanding procedure including various reconstruction methods and 
surgical approaches. Also, surgery itself inevitably leads to 
complications.1-3

Efforts, such as standardization of surgical procedures and acceleration 
of patient recovery, have led to reducing morbidity after gastrectomy over 
the past decade.4-7 Furthermore, Recent advances in minimally invasive 
surgery (MIS) for gastric cancer have also decreased morbidity and 
length of hospital stay.8,9 Despite improvements in surgical techniques and 
perioperative management, gastrectomy is still associated with a high risk 
of postoperative complications and mortality.10,11

Among complications after gastrectomy, leakage is one of the most 
detrimental and potentially life-threatening complications, which causes 
extended hospitalization and increases cost of treatment.11 It also has been 
demonstrated to adversely affect oncologic outcomes.12,13 Since gastric 
cancer surgery has various reconstruction types, the incidence of leakage 
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of each reconstruction type differs greatly.14,15 Management of leakage is 
generally based on the experience of surgeon. However, most surgeons 
experience leakages not so frequently. Moreover, randomized study of 
leakage treatment can hardly be carried out. Therefore, a proper treatment 
strategy for leakage after gastric cancer surgery remains difficult to 
establish. Studies evaluating incidences and treatment results for leakage 
are scarce, and most studies focused on leakages at the 
esophagojejunostomy after total gastrectomy.16,17

In these contexts, studies of incidence, diagnosis, treatment, and related 
mortality based on large and comprehensive data are primarily required. 
This study aimed to comprehensively investigate the incidence of leakage 
after gastrectomy for gastric cancer according to reconstruction type and 
operation method, and to evaluate the outcomes of treatment for leakage 
in a large cohort.
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II. MATERIALS AND METHODS
This study was a retrospective cohort analysis of the prospectively 

maintained database. Data were extracted from electronic medical record 
of all patients who underwent gastrectomy for gastric cancer at the 
Department of Surgery, Yonsei University College of Medicine between 
January 2005 and December 2017. Among these, patients who received 
completion total gastrectomy or pylorus-preserving gastrectomy were 
excluded. A standardized form was used to extract all relevant data, 
including demographic characteristics, clinical findings, details of the 
surgical procedures, histopathology, and details regarding leakage 
treatment. This study was approved by the Institutional Review Board of 
Severance Hospital, Yonsei University Health System (IRB number: 
4-2019-0024).

1. Surgical procedures
During the study period, 8 surgeons performed gastrectomy via open or 

MIS approaches. Gastrectomy with lymphadenectomy was performed 
based on standardized operative strategies as described previously.18,19 The 
extent of gastric resection (total, distal, or proximal) depended on the 
location and clinical stage of the tumor. The extent of lymphadenectomy 
followed the Korean practice guideline for gastric cancer in general.20,21 
After distal gastrectomy, reconstruction was performed with 
gastroduodenostomy, gastrojejunostomy, or Roux-en-Y gastrojejunostomy 
depending on the location of the tumor and the size of the remnant 
stomach. Gastroduodenostomy was generally performed using circular or 
linear staplers, whereas gastrojejunostomy or Roux-en-Y gastrojejunostomy 
was performed using mainly linear stapler or handsewn. After total 
gastrectomy, bowel continuity was routinely restored via Roux-en-Y 
esophagojejunostomy using circular or linear staplers. During Roux-en-Y 
reconstruction, jejunojejunostomy was created using a linear stapler or 
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handsewn. After proximal gastrectomy, which was first performed in 
2014, double-tract reconstruction was performed using linear staplers. 
Reconstruction during MIS procedures was generally performed 
intracorporeally, although extracorporeal reconstruction was occasionally 
performed during the initial period of MIS.

2. Definition and classification of leakage
Leakage was defined according to the proposal by United Kingdom 

Surgical Infection Study Group, which refers to a leak of luminal 
contents from a surgical join between two hollow viscera.22 The leak of 
luminal contents from a hollow visceral stump was also included in the 
leakage definition. Leakages were classified into three types according to 
the diagnosis timing: early (within 4 days after surgery), intermediate 
(from 5 to 8 days after surgery) and late (from 9 days after surgery). 
Early leaks are usually attributed to technical problems, and intermediate 
leaks are due to ischemia, and late leaks are associated with late 
ischemia or late diagnosis.23-25

3. Diagnosis of leakage
The diagnosis of leakage was based on the radiologic, endoscopic, or 

clinical findings. The clinical presentations of leakage included fever, 
abdominal distension, pain, leukocytosis, elevated C-reactive protein level, 
and a change in the intra-abdominal drainage fluid color. When leakage 
was suspected, the surgeon typically investigated leakage via following 
diagnostic modalities: abdominopelvic computed tomography (CT) scan 
with leakage protocol (oral contrast administration), CT scan with 
intravenous contrast, upper gastrointestinal series, hepatobiliary scan, or 
endoscopic assessment with esophagogastroduodenoscopy. In CT scan with 
leakage protocol, the oral contrast agent, (Gastrografin; Schering, Berlin, 
Germany) was diluted 1:5 with 0.9% normal saline to reduce the 
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beam-hardening artifacts. Each patient was encouraged to drink up to 400 
mL of the diluted contrast agent just before scanning. In addition, 150 
mL of intravenous contrast material (iopromide [Ultravist]; Schering, 
Berlin or diatrizoate meglumine [Hypaque] or iohexol [Omnipaque 300]; 
Nycomed Amersham, Princeton, NJ) was administered using an automatic 
power injector at a rate of 3 mL/s.26 The hepatobiliary scans, which has 
proven usefulness in the diagnosis of bile leakages, were performed when 
duodenal stump leakage was suspected.27,28 A clinical diagnosis of leakage 
could be based on a change in the abdominal drainage fluid color or 
analyses of amylase, lipase, and bilirubin levels in drainage fluid.29

4. Management of leakage
All patients were managed using the same postoperative care protocol. 

Patients were observed for both surgical complications (anastomotic 
failure, pancreatic fistula, intra-abdominal abscess, peritonitis, 
gastrointestinal bleeding, intra-abdominal bleeding, and wound infection) 
and non-surgical complications (circulatory, pulmonary, and renal and 
hepatic failure). Oral contrast or dye swallows were not routinely 
performed to check the leakages before the patient started an oral diet. 
Treatment of leakage consisted of three categories as following: 
conservative, interventional, and surgical treatments. The patient’s 
condition and the suspected leakage severity were important for the 
surgeon to decide on treatment. Conservative treatment included restriction 
of oral intake, total parenteral nutrition, and/or administration of 
broad-spectrum antibiotics. Interventioal treatment included percutaneous 
drainage and/or endoscopic treatment. Percutaneous drainage was guided 
by ultrasound or CT scan to place a percutaneous drain around the 
leakage site. Endoscopic treatments included placing a clip at the leakage 
site with or without a detachable snare, injecting a tissue adhesive or 
fibrin sealant, endoscopic negative pressure therapy (endoscopic 
vacuum-assisted closure), and/or intraluminal stent deployment. Surgical 
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treatment was defined as any return to the operating room because of 
ongoing leakage. Surgery was considered when the other interventions 
were unsuccessful or when the patients developed fulminant septic shock 
with rapid clinical deterioration. The surgery strategies entailed primary 
repair of anastomosis, revision of anastomosis, or extensive surgery such 
as completion total gastrectomy or esophagostomy. Patients who initially 
received conservative or interventional treatments were constantly 
monitored to confirm clinical improvement. When initial treatment was 
ineffective, the step-up approach was applied. Re-intervention or surgery 
was considered when the patients experienced further clinical deterioration 
or signs of persistent uncontrolled leakage. Treatment success was defined 
as no further progression of sepsis after leakage treatment. Treatment 
failure was defined as the need for additional treatment due to clinical 
deterioration or progression of sepsis after leakage treatment, or death 
caused by uncontrolled leakage. Mortality was defined as death directly 
associated with leakage.

5. Statistical analysis
All variables were tested for a normal distribution using the 

Kolmogorov-Smirnov test. Non-parametric tests were used to analyze 
non-normally distributed variables, which included the Kruskal–Wallis test 
and the Mann–Whitney U test. Normally distributed variables were 
analyzed using Student’s t-test. Continuous variables were presented as 
mean with standard deviation or median (range or interquartile range; 
IQR) according to distribution. Categorical variables were presented as 
number (%) and analyzed using Chi-square test or Fisher’s exact test. 
Post-hoc Bonferroni correction was performed to adjust the level of 
significance for multiple comparisons according to reconstruction type and 
operative method. Additionally, success rates of treatment for leakage 
were assessed post-hoc. Differences were considered statistically 
significant at two-tailed P-value of <0.05. All analyses were performed 
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using SPSS software for Windows (version 23.0; IBM Corp., Armonk, 
New York, USA).
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III. RESULTS
A total of 14,320 patients who underwent gastrectomy for gastric 

cancer were identified in the electronic database from 2005 to 2017. Of 
these, we excluded 245 patients who underwent completion total 
gastrectomy (n = 237) or pylorus-preserving gastrectomy (n = 8). Thus, 
the analyses evaluated 14,075 patients, including 213 patients who 
experienced leakage after gastrectomy. 

1. Diagnosis of leakage and diagnosis timing
Most of the leakages were confirmed by CT scan using oral contrast 

(67.6%) or intravenous contrast (18.8%). Surgeons also clinically detected 
leakages from the duodenal stump (20.7%) with a change in the 
intra-abdominal drainage fluid color or laboratory tests of the drainage 
fluid (amylase, lipase, and bilirubin) (Table 1). The median time to 
diagnosis was 7 days after gastrectomy (range: 1-29 days), with no 
significant site-specific differences. The time to diagnosis was earlier in 
MIS than in open surgery (robotic: 6.0 days, laparoscopic: 6.5 days, 
open: 8.0 days; P=0.007). Early leakage was more common after MIS 
than after open surgery (laparoscopic: 35.4%, robot: 29.0%, open: 12.7%; 
P=0.001) (Table 2).

Values are expressed as n (percent).
CT, computed tomography; UGIS, upper gastrointestinal series; EGD, 
esophagogastroduodenostomy; HB, hepatobiliary; GD, gastroduodenostomy; 
GJ, gastrojejunostomy; EJ, esophagojejunostomy; DS, duodenal stump.

Leak sites CT UGIS EGD HB scan Drain
GD (n=50) 49 (98.0) 1 (2.0) 0 0 0
GJ (n=27) 25 (92.6) 0 0 0 2 (7.4)
EJ (n=76) 66 (86.8) 6 (7.9) 4 (5.3) 0 0
DS (n=58) 42 (72.4) 0 0 4 (6.9) 12 (20.7)
JJ (n=2) 2 (100.0) 0 0 0 0

Table 1. Diagnostic modality according to leakage site 
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Values are expressed as median (range) or number (percentage).
*Kruskal-Wallis test
†Fisher`s exact test 
‡Open vs. Robot is significant. (adjusted P=0.031).
§Chi-square test; Early open vs early laparoscopy is significant. (adjusted 
P=0.009).
GD, gastroduodenostomy; GJ, gastrojejunostomy; DS, duodenal stump; EJ, 
esophagojejunostomy; JJ, jejunojejunostomy.

Time to 
diagnosis 
days

P-value Early Intermediate Late P-value

Leak sites 0.613* 0.485†

GD 
(n=50)

7.0 
(2-29)

9 
(18.0)

23 
(46.0)

18 
(36.0)

GJ 
(n=27)

9.0 
(1-18)

5 
(18.5)

8 
(29.6)

14 
(51.9)

EJ 
(n=76)

6.5 
(2-29)

18 
(23.7)

31 
(40.8)

27 
(35.5)

DS 
(n=58)

8.5 
(1-28)

10 
(17.2)

19 
(32.8)

29 
(50.0)

JJ 
(n=2)

11.5 
(4-19)

1 
(50.0)

0 1 
(50.0)

Operation   
method

0.007‡ 0.006§

Open
(n=134)

8.0 
(2-29)

17 
(12.7)

55 
(41.0)

62 
(46.3)

Laparoscopy  
(n=48)

6.5 
(1-23)

17 
(35.4)

13 
(27.1)

18 
(37.5)

Robot 
(n=31)

6.0
(2-27)

9 
(29.0)

13 
(41.9)

9 
(29.0)

　

Table 2. Diagnosis timing and classification of leakage
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2. Incidence of leakages
The overall leakage incidence was 1.51% (213/14,075) and Figure 1. 

shows the schematic depictions of the reconstruction types and leakage 
incidence for each reconstruction type. The esophagojejunostomy was the 
most common leakage site after proximal gastrectomy (4.02%) and total 
gastrectomy (1.98%). Leakage after total gastrectomy was significantly 
less common in open than in MIS (open: 1.64%, laparoscopic: 3.56%, 
robotic: 5.83%; P<0.001). The leakage incidence of esophagojejunostomy 
after open total gastrectomy (1.45%) was significantly lower than that of 
robotic total gastrectomy (5.50%; adjusted P<0.001). The leakage 
incidence of the duodenal stump  was also lower after open total 
gastrectomy (0.15%) than after laparoscopic total gastrectomy (1.07%; 
adjusted P=0.009). Leakage after distal gastrectomy was significantly 
more common in open than in MIS (open: 1.55%, laparoscopic: 0.69%, 
robotic: 0.81%; P=0.001). The leakage incidence of gastroduodenostomy  
was significantly higher after open distal gastrectomy (1.22%) than after 
laparoscopic distal gastrectomy (0.38%; adjusted P=0.009) (Table 3).
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Values are expressed as a percentage (the number of leakages for each 
of the cohorts).
*Chi-square test, except †Fisher`s exact test
‡Open vs. Laparoscopy is significant (adjusted P=0.009).
§Open vs. Robot is significant (adjusted P<0.001).
¶Open vs. Laparoscopy is significant (adjusted P=0.009).
GD, gastroduodenostomy; GJ, gastrojejunostomy; DS, duodenal stump; EJ, 
esophagojejunostomy; JJ, jejunojejunostomy.

Type of   
reconstruction

Entire 
(n=14075)

Open
(n=8483)

Laparoscopy
(n=3859)

Robot
(n=1733)

P-value*

Overall 1.51 
(213/14075)

1.58 
(134/8483)

1.34 
(48/3859)

1.79 
(31/1733)

0.224

Distal
gastrectomy

1.19 
(124/10412)

1.55 
(91/5863)

0.69 
(22/3192)

0.81 
(11/1357)

0.001

GD 0.89 
(50/5617)

1.22 
(39/3188)

0.38 
(7/1837)

0.68 
(4/592)

0.009‡

Billroth II 1.60
(67/4184)

1.96
(45/2291)

1.29
(15/1160)

0.95
(7/733)

0.110

GJ 0.57 
(24/4184)

0.74 
(17/2291)

0.43 
(5/1160)

0.27 
(2/733)

0.271

DS 1.03 
(43/4184)

1.22 
(28/2291)

0.86 
(10/1160)

0.68 
(5/733)

0.378

Roux-en-Y 1.14
(7/611)

1.82
(7/384)

0
(0/195)

0
(0/32)

0.167

GJ 0.49 
(3/611)

0.78 
(3/384)

0 
(0/195)

0
(0/32)

0.621†

DS 0.65 
(4/611)

1.04 
(4/384)

0 
(0/195)

0 
(0/32)

0.441†

Proximal
gastrectomy

4.59
(8/174)

0 
(0/2)

5.71
(6/105)

2.99
(2/67)

0.532†

EJ 4.02 
(7/174)

0 
(0/2)

4.76 
(5/105)

2.99 
(2/67)

0.730†

JJ 0.57 
(1/174)

0 
(0/2)

0.95 
(1/105)

0 
(0/67)

1.000†

Total
gastrectomy

2.32
(81/3489)

1.64
(43/2618)

3.56
(20/562)

5.83
(18/309)

<0.001

EJ 1.98 
(69/3489)

1.45 
(38/2618)

2.49 
(14/562)

5.50 
(17/309)

<0.001§

DS 0.32 
(11/3489)

0.15 
(4/2618)

1.07 
(6/562)

0.32 
(1/309)

0.005†¶

JJ 0.03 
(1/3489)

0.04 
(1/2618)

0 
(0/562)

0 
(0/309)

1.000†

Table 3. Comparison of leak rates according to operation method
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3. Features related to leakage
Patients with leakage were older than patients without leakage (median: 

65 [IQR: 58-70.5] vs. 59 years [IQR: 50-67 years]; P<0.001). The 
leakage incidence was significantly higher for male patients (2.0 vs. 
0.7%; P<0.001) and patients with comorbidity (2.4 vs 1.2%; P=0.002). 
The higher American Society of Anesthesiologists (ASA) score, the 
higher the leakage incidence (P<0.001). Leakage was significantly more 
common for total gastrectomy (2.3%) and proximal gastrectomy (4.6%) 
than for distal gastrectomy (1.2%, P=0.001). Leakage occurred more 
frequently after combined resection (2.2 vs 1.4%; P=0.013) and in higher 
stage cancers (P<0.001). When surgeon experience was divided into the 
initial 100 cases and the later cases, leakage occurred more frequently in 
the initial 100 cases than in the later cases (2.4 vs 1.3%; P<0.001). 
Leakage was associated with a significantly increased surgery-related 
mortality rate (7.0 vs 0.2%; P<0.001) (Table 4).

Figure 1. Overall leakage incidence according to reconstruction type

GD, gastroduodenostomy; GJ, gastrojejunostomy; DS, duodenal stump; EJ, 
esophagojejunostomy; JJ, jejunojejunostomy. 
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variable Leakage 
(n=213) 

No leakage 
(n=13862) 

P-value†

Age, years, median (IQR)  65 (58-70.5)  59 (50-67)  <0.001‡

BMI, kg/m2, median (IQR)  23.7 (21.7-25.4)  23.2 (21.3-25.2)  0.129‡

Sex  <0.001
Male 180 (84.5) 8854 (63.9)
Female 33 (15.5) 5008 (36.1)

ASA score  <0.001
1 67 (31.5) 5847 (44.1)
2 86 (40.4) 5831 (44.0)
3 56 (26.3) 1482 (11.2)
4 4 (1.9) 89 (0.7)

Comorbidity  0.002
Absent 83 (39.0) 6834 (49.7)
Present 130 (61.0) 6905 (50.3)

Other cancer  0.079
Absent 199 (93.4) 13181 (95.9)
Present 14 (6.6) 558 (4.1)

Operation method  0.224
Open 134 (62.9) 8349 (60.2)
Laparoscopy 48 (22.5) 3811 (27.5)
Robot 31 (14.6) 1702 (12.3)

Radicality of surgery  0.204
Curative 198 (93.0) 13165 (95.0)
Palliative 15 (7.0) 697 (5.0)

Extent of resection  <0.001¶

Distal gastrectomy 124 (58.2) 10288 (74.2)
Total gastrectomy 81 (38.0) 3408 (24.6)
Proximal gastrectomy 8 (3.8) 166 (1.2)

Lymph node dissection  0.069
D1+ ≤ 77 (36.2) 4915 (42.4)
D2 ≥ 213 (63.8) 6665 (57.6)

Type of reconstruction  <0.001
 Billroth I  50 (0.9)  5567 (99.1)
 Billroth II  67 (1.6)  4117 (98.4)
 Roux-en-Y gastrojejunostomy  7 (1.1)  604 (98.9)
 Roux-en-Y esophagojejunostomy  81 (2.3)  3408 (97.7)
 Double tract reconstruction  8 (4.6)  166 (95.4)

Table 4. Clinicopathologic characteristics according to leakage
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Values are expressed as n (percent) unless otherwise specified.
*Percentage is defined as the mortality rates for each of the cohorts.
†Chi-square test, except ‡Mann-Whitney U test and §Fisher`s exact test
¶Distal gastrectomy vs. Total gastrectomy (adjusted P<0.001), Distal 
gastrectomy vs. Proximal gastrectomy (adjusted P=0.003) are significant. 
IQR, interquartile range; ASA, American Society of Anesthesiologists; 
BMI, body mass index; AJCC,  American Joint Committee on Cancer.

Combined resection 0.040
Absent 174 (81.7) 12111 (87.4)
Present 39 (18.3) 1736 (12.5)

pStage (AJCC 7th) <0.001
I 99 (46.9) 8523 (61.6)
II 47 (22.3) 2123 (15.4)
III 50 (23.5) 2685 (19.4)
IV 15 (7.1) 465 (3.4)

Surgeon experience
Overall <0.001

Initial 100 cases 56 (2.4) 2243 (97.6)
Later cases 157 (1.3) 11619 (98.7)

Open 0.077
Initial 100 cases 19 (2.3) 799 (97.7)
Later cases 115 (1.5) 7550 (98.5)

Laparoscopy 0.005
Initial 100 cases 19 (2.2) 837 (97.8)
Later cases 29 (1.0) 2974 (99.0)

Robot 0.013
Initial 100 cases 18 (2.9) 607 (97.1)
Later cases 13 (1.2) 1095 (98.8)

Surgery-related mortality 15 (7.0)* 24 (0.2)* <0.001§
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4. Characteristics of leakage according to leakage timing 
Among 213 leakages, late leakages (n=170) were more common than 

early leakage (n=43). The proportion of MIS was higher in early leakage 
than in intermediate and late leakages. D2 lymph node dissection was 
more frequently performed in intermediate and late leakages than in early 
leakage. In the initial 100 cases, early leakage was more common than 
intermediate and late leakages. Age, BMI (body mass index), ASA score, 
the extent of resection, type of reconstruction, combined resection, and 
the cancer stages were not different among the three groups (Table 5).
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variable Early
(n=43) 

Intermediate 
(n=81)

Late
(n=89)

P-value†

Age, years, median (IQR)  64 (57-70) 64 (57-72) 65 (59-70) 0.854‡

BMI, kg/m2, median (IQR)  24.3
 (21.8-25.9)

23.7
(22.1-25.7)

23.5
(21.2-24.7)

0.218‡

Sex 0.624
Male  36 (83.7) 71 (87.7) 73 (82.0)
Female  7 (16.3) 10 (12.3) 16 (18.0)

ASA score 0.060
1  37 (86.0) 54 (66.7) 62 (69.7)
2  6 (14.0) 27 (33.3) 27 (30.3)

Comorbidity 0.231
Absent  20 (46.5) 26 (32.1) 37 (41.6)
Present  23 (53.5) 55 (67.9) 52 (58.4)

Other cancer 0.675
Absent  39 (90.7) 77 (95.1) 83 (93.3)
Present  4 (9.3) 4 (4.9) 6 (6.7)

Operation method 0.006
Open  17 (39.5) 55 (57.9) 62 (69.7)
Laparoscopy  17 (39.5) 13 (16.0) 18 (20.2)
Robot  9 (20.9) 13 (16.0) 9 (10.1)

Radicality of surgery 0.349
Curative  41 (95.3) 77 (95.1) 80 (89.9)
Palliative  2 (4.7) 4 (4.9) 9 (10.1)

Extent of resection 0.240§

Distal gastrectomy  22 (51.2) 47 (58.0) 55 (61.8)
Total gastrectomy  17 (39.5) 33 (40.7) 31 (34.8)
Proximal gastrectomy  4 (9.3) 1 (1.2) 3 (3.4)

Lymph node dissection 0.008
D1+ ≤  24 (55.8) 23 (28.4) 30 (33.7)
D2 ≥  19 (44.2) 58 (71.6) 59 (66.3)

Type of reconstruction 0.280§

 Billroth I  9 (20.9) 23 (28.4) 18 (20.2)
 Billroth II  13 (30.2) 22 (27.2) 32 (36.0)
 Roux-en-Y gastrojejunostomy  0 (0) 2 (2.5) 5 (5.6)
 Roux-en-Y esophagojejunostomy  17 (39.5) 33 (40.7) 31 (34.8)
 Double tract reconstruction  4 (9.3) 1 (1.2) 3 (3.4)

Combined resection 0.258

Table 5. Clinicopathologic characteristics according to leakage timing
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Values are expressed as n (percent) unless otherwise specified.
†Chi-square test, except ‡Kruskal-Wallis test and §Fisher`s exact test
¶Distal gastrectomy vs. Total gastrectomy (adjusted P<0.001), Distal 
gastrectomy vs. Proximal gastrectomy (adjusted P=0.003) are significant. 
IQR, interquartile range; ASA, American Society of Anesthesiologists; 
BMI, body mass index; AJCC,  American Joint Committee on Cancer.

Absent  38 (88.4) 62 (76.5) 74 (83.1)
Present  5 (11.6) 19 (23.5) 15 (16.9)

pStage (AJCC 7th) <0.001
I  25 (58.1) 32 (39.5) 42 (48.3)
II  9 (20.9) 20 (24.7) 18 (20.7)
III  7 (16.3) 25 (30.9) 18 (20.7)
IV  2 (4.7) 4 (4.9) 9 (10.3)

Surgeon experience <0.042
Initial 100 cases  17 (39.5) 22 (27.2) 17 (19.1)
Later cases  26 (60.5) 59 (72.8) 72 (80.9)

Surgery-related mortality 3 (7.0) 7 (8.4) 5 (5.6) 0.785
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5. Treatment results of leakage
The initial treatments for leakage were conservative (52 cases, 24.4%), 

interventional (139 cases, 65.3%), or surgical (22 cases, 10.3%) 
treatmemt. Initial treatment modality differed according to leakage sites 
(P=0.030), and duodenal stump leakage were more commonly treated 
conservatively than gastrojejunostomy leakage (37.9 vs. 7.4%; adjusted 
P=0.048). 

Overall success of the initial treatment for leakage was 70.4% 
(150/213). The initial treatment was more successful in the duodenal 
stump leakage (96.6%) than in the gastroduodenustomy (68.0%), the 
gastrojejunostomy (44.4%), and the esophagojejunostomy (60.5%) leakages 
(adjusted P<0.001, respectively). The leakage-related mortality was 7.0% 
(15/213). The mortality rate were higher at the esophagojejunostomy 
(10.5%) and gastrojejunostomy (11.1%) leakages than others. The median 
duration of hospitalization after diagnosis of leakage was 25 days (range, 
3-232 days). The median postoperative hospital stay was 33 days (range, 
7-247 days). The duration of treatment and postoperative hospitalization 
in the duodenal stump leakage were significantly shorter than those in 
the gastrojeunostomy leakage (18.5 vs. 32 days, adjusted P=0.028; 28 vs. 
39 days, adjusted P=0.036, respectively) (Table 6). 
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Values are expressed as percentages (n) or percentage (the number of 
success for each of the cohorts).
*P-value was 0.030.
GD, gastroduodenostomy; GJ, gastrojejunostomy; DS, duodenal stump; EJ, 
esophagojejunostomy; JJ, jejunojejunostomy.

variable Total
(n=213)

GD
(n=50)

GJ
(n=27)

EJ
(n=76)

DS
(n=58)

JJ
(n=2)

Proportion of treatment*
Initial conservative 24.4(52) 22.0(11) 7.4(2) 21.1(16) 37.9(22) 50.0(1)
Initial intervention 65.3(139) 68.0(34) 77.8(21) 68.4(52) 55.2(32) 0
Initial surgery 10.3(22) 10.0(5) 14.8(4) 10.5(8) 6.9(4) 50.0(1)

Outcomes
Initial treatment 70.4

(150/213)
68.0
(34/50)

44.4
(12/27)

60.5
(46/76)

96.6
(56/58)

100.0
(2/2)

Conservative 92.3
(48/52)

100.0
(11/11)

100.0
(2/2)

75.0
(12/16)

100.0
(22/22)

100.0
(1/1)

Intervention 60.4
(84/139)

58.8
(19/34)

33.3
(7/21)

53.8
(28/52)

93.8
(30/32)

-

Surgery 81.8
(18/22)

80.0
(4/5)

75.0
(3/4)

75.0
(6/8)

100.0
(4/4)

100.0
(1/1)

Subsequent treatment 84.2
(48/57)

86.7
(13/15)

92.3
(12/13)

81.5
(22/27)

50.0
(1/2)

-

Intervention 
after conservative

100.0
(4/4)

- - 100.0
(4/4)

- -

Re-intervention 
after intervention

97.4
(38/39)

100.0
(9/9)

100.0
(11/11)

94.4
(17/18)

100.0
(1/1)

-

Surgery 
after intervention

42.9
(6/14)

66.7
(4/6)

50.0
(1/2)

20.0
(1/5)

0
(0/1)

-

Leakage-related mortality 7.0
(15/213)

6.0
(3/50)

11.1
(3/27)

10.5
(8/76)

1.7
(1/58)

0

Initial intervention 2 - 1 1 -
Initial surgery 4 1 1 2 -
Subsequent intervention 
after intervention

1 - - 1 -

Subsequent surgery 
after intervention

8 2 1 4 1

Hospital stay after 
diagnosis, median (range)

25
(3-232)

23
(6-74)

32
(6-199)

28.5
(3-232)

18.5
(4-95)

21.5
(9-34)

Hospital stay after 
surgery, median (range)

33
(7-247)

31.5
(12-82)

39
(13-203)

37.5
(7-247)

28
(12-109)

33
(28-38)

Table 6. Treatment results according to leakage site
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A total of 36 patients underwent surgery for initial (22 cases) or 
subsequent (14 cases) treatment of leakage. The success for initial surgery 
or subsequent surgery were comparable regardless of leakage sites. 
Surgery was more likely to be successful as initial treatment than as 
subsequent treatment (81.8% vs 42.9%; P=0.029, Fisher`s exact test). For 
gastroduodenostomy leakage, the success were 100% (3/3) for primary 
repair, 71.4% (5/7) for gastrojejunostomy, and 1 patient died after 
completion total gastrectomy. For esophagojejunostomy leakage, the 
success were 100% (4/4) for anastomosis revision, 42.9% (3/7) for 
primary repair, and 2 patients died after esophagostomy (Table 7). 

Values in parentheses are the number of success cases in all patients.
CTG, completion total gastrectomy; GD, gastroduodenostomy; GJ, 
gastrojejunostomy; EJ, esophagojejunostomy; DS, duodenal stump; JJ, 
jejunojejunostomy. 

Reoperation type Total
(n=36)

GD
(n=11)

GJ
(n=6)

EJ
(n=13)

DS
(n=5)

JJ
(n=1)

Overall 66.7 
(24/36)

72.7
(8/11)

66.7
(4/6)

53.8
(7/13)

80.0
(4/5)

100.0
(1/1)

Initial surgery 81.8
(18/22)

80.0
(4/5)

75.0
(3/4)

75.0
(6/8)

100
(4/4)

100
(1/1)

Primary repair - 2/2 2/3 3/5 2/2
Anastomosis revision - - - 3/3 - 1/1

Gastrojejunostomy - 2/3 - - - -
CTG - - 1/1 - 1/1 -
Jejunal patch - - - - 1/1 -

Subsequent surgery 42.9
(6/14)

66.7
(4/6)

50.0
(1/2)

20.0
(1/5)

0
(0/1)

-

Primary repair - 1/1 1/1 0/2 - -
Ananstmosis revision - - - 1/1 - -

Gastrojejunostomy - 3/4 - - - -
CTG - 0/1 0/1 - 0/1 -
Esophagectomy - - - 0/2 - -

Table 7. Treatment results of surgery
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When leakages were divided into diagnosis timing, the proportion of 
surgery as initial treatment was higher in the early leakage than in 
intermediate and late leakages (P=0.031). Surgery as subsequent treatment 
resolved the leakage better for early leakage than for intermediate and 
late leakage (early: 80.0%, intermediate: 20.0%, late: 22.2%). The 
mortality rate was not associated with diagnosis timing. The median 
duration of leakage treatment in the early leakage was significantly longer 
than those of the intermediate and late leakages (early: 32 days, 
intermediate: 23 days, late: 23 days; P=0.025). The median postoperative 
hospital hospitalization was shorter in the intermediate leakage (29 days) 
than in the late leakage (39 day, adjusted P=0.008) (Table 8). Depending 
on operative method, the proportion of treatment type, mortality rate, and 
duration of hospital stay were not significantly different (Table 9).
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Values are expressed as percent (n) or percent (the number of success 
for each of the cohorts).
*Chi-square test, except †Fisher`s exact test and ‡Kruskal-Wallis test
¶Early vs. intermediate (adjusted P=0.043) and early vs. late (adjusted 
P=0.038) are significant.
§Intermediate vs. late is significant (adjusted P=0.008). 

Variable Early
(n=43)

Intermediate
(n=81)

Late
(n=89)

P-value*

Proportion of treatment 0.053

Initial conservative 16.3 (7) 33.3 (27) 20.2 (18)

Initial intervention 65.1 (28) 58.0 (47) 71.9 (64)

Initial surgery 18.6 (8) 8.6 (7) 7.9 (7)

Outcomes 　
 Initial treatment 55.8 (24/43) 75.3 (61/81) 73.0 (65/89) 0.061

 Conservative 71.4 (5/7) 92.6 (25/27) 100.0 (18/18) 0.077†

 Intervention 46.4 (13/28) 66.0 (31/47) 62.5 (40/64) 0.230

 Surgery 75.0 (6/8) 71.4 (5/7) 100.0 (7/7) 0.491†

 Subsequent treatment 94.1 (16/17) 72.2 (13/18) 86.4 (19/22) 0.249†

 Intervention 
 after conservative

100.0 (2/2) 100.0 (2/2)

 Re-intervention 
 after intervention

100.0 
(10/10)

90.9 (10/11) 100.0 (18/18) 0.538†

 Surgery
 after intervention

80.0 (4/5) 20.0 (1/5) 25.0 (1/4) 0.201†

Leakage-related mortality 7.0 (3/43) 8.4 (7/81) 5.6 (5/89) 0.785

Hospital stay after 
diagnosis, median (range)

32 (3-199) 23 (6-219) 23 (3-232) 0.025‡¶

Hospital stay after 
surgery, median (range)

34 (7-203) 29 (12-224) 39 (13-247) 0.010‡§

Table 8. Treatment results according to diagnosis timing
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Values are expressed as percent (n).
*Fisher`s exact test
†Kruskal-Wallis test

Variable Open
(n=134)

Laparoscopy
(n=48)

Robot
(n=31)

P-value

Proportion of treatment*  0.322*

Initial conservative  23.1 (31)  33.3 (16)  16.1 (5)

Initial intervention  67.9 (91)  56.3 (27)  67.7 (21)

Initial surgery  9.0 (12)  10.4 (5)  16.1 (5)

Outcomes

 Initial treatment  64.0 (96/134) 70.8 (34/48)  64.5 (20/31)  0.762

 Conservative  60.4 (29/31)  93.8 (15/16)  80.0 (4/5)  0.528†

 Intervention  63.7 (58/91)  55.6 (15/27)  52.4 (11/21)  0.563

 Surgery  75.0 (9/12)  80.0 (4/5)  100.0 (5/5)  0.774†

 Subsequent treatment  84.8 (28/33)  84.6 (11/13)  81.8 (9/11)  1.000†

 Intervention 
 after conservative

 100.0 (2/2)  100.0 (1/1)  100.0 (1/1)  1.000*

 Re-intervention 
 after intervention

 95.8 (23/24)  100.0 (9/9)  100.0 (6/6)  1.000*

 Surgery 
 after intervention

 42.9 (3/7)  33.3 (1/3)  50.0 (2/4)  1.000*

Leakage-related mortality  7.5 (10)  6.3 (3)  6.5 (2)  1.000*

 Initial intervention  2  -  -

 Initial surgery  3  1  -

 Subsequent intervention 
 after intervention

 1  -  -

 Subsequent surgery 
 after intervention

 4  2  2

Hospital stay after 
diagnosis, median (range)

 25 (3-96)  27.5 (4-232)  21 (7-219)  0.972†

Hospital stay after 
surgery, median (range)

 34 (7-109)  35 (9-247)  29 (13-224)  0.767†

Table 9. Treatment results according to operation method
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Mortality was observed in 15 patients with leakage (15/213, 7.0%), 
including 4 patients who underwent surgery as initial treatment, 8 patients 
who underwent subsequent surgery after the initial treatment failure, and 
3 patients who underwent subsequent ntervention after the initial 
treatment failure. Leakage-related mortality after gastrectomy for gastric 
cancer accounted for 38.5% (15/39) of all surgery-related mortality in the 
entire cohort (39/14075). Details of mortalities with leakage were shown 
in Table 10. 
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Case Leak 
site

Year Sex Age Co-
morbidity

Operative 
method

Time to 
diagnosis

Initial
treatment

Subsequent
treatment

Surgical 
method

Hospital 
stay

1 GD 2005 M 65 Present Laparoscopy 3 Surgery - GJ 73
2 GD 2008 M 74 Present Open 7 EGD 

clipping 
c PCD

Surgery GJ 31

3 GD 2012 M 72 Present Robot 10 PCD Surgery CTG 44
4 GJ 

(B-II)
2006 M 64 Present Open 12 PCD PCD - 39

5 GJ 
(B-II)

2010 M 72 Present Open 6 EGD 
clipping 
c PCD

Surgery CTG 42

6 GJ 
(B-II)

2012 M 70 Absent Open 7 Surgery - Primary repair 103

7 DS
(B-II)

2010 M 67 Present Laparoscopy 9 PCD Surgery CTG &  
primary repair

13

8 EJ 
(TG)

2007 M 73 Absent Open 10 PCD PCD - 49

9 EJ 
(TG)

2007 M 60 Present Open 4 PCD Surgery Primary repair 7

10 EJ 
(TG)

2009 M 62 Absent Open 2 Surgery - Primary repair 22

11 EJ 
(TG)

2010 M 63 Present Open 6 PCD EGD stent - 45

12 EJ 
(TG)

2010 M 74 Present Open 8 Surgery - Primary repair 88

Table 10. Details of mortality for leakage
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GD, gastroduodenostomy; B-II, Billroth-II; GJ, gastrojejunostomy; DS, duodenal stump; EJ, esophagojejunostomy; TG, 
total gastrectomy; EGD, esophagogastroduodenoscopy; PCD, percutaneous drainage; EVAC, endoscopic vacuum-assisted 
closure; CTG, completion total gastrectomy.

13 EJ 
(TG)

2012 M 59 Present Open 5 EGD 
stent

Surgery Esophagectomy 51

14 EJ 
(TG)

2013 M 57 Absent Laparoscopy 19 EVAC Surgery Esophagectomy 33

15 EJ 
(TG)

2015 M 61 Present Robot 6 EGD 
stent

Surgery Primary repair 29
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IV. DISCUSSION
This large cohort study revealed that the incidence of leakage after 

gastrectomy for gastric cancer was relatively low (1.5%), although there 
were site-specific differences (0.05–2.07%). Leakage occurred commonly 
after postoperative day 5, while early leakage (≤ 4days after gastrectomy) 
was more common after MIS than after open surgery. Leakage was most 
common at the esophagojejunostomy site. Esophagojejunostomy leakage 
was also more frequently observed after MIS. Leakages occurred more 
frequently among each surgeon`s initial 100 gastrectomy experience. The 
initial treatments were generally conservative or interventional treatment. 
Surgery was performed more frequently as an initial treatment and was 
more successful as a subsequent treatment for early leakage. However, 
leakage was associated with increased mortality rate of over 7%. 

The diagnosis of leakage after gastrectomy is complicated by its 
non-specific clinical presentation and there is a long-standing debate 
regarding the most specific and sensitive diagnostic modality for detecting 
leakage after gastrectomy.30-32 Most of the patients in the present study 
had been evaluated using CT scan with an oral contrast administration, 
which can provide information regarding diagnosis of leakage as well as 
peri-anastomotic fluid collection. This approach can also help identify 
when sepsis is caused by other types of intra-abdominal complications. 
Moreover, CT scan with an oral contrast administration can be a reliable 
tool for determining the necessity and feasibility of percutaneous 
drainage.26 

Early leakage is commonly attributed to technical incompetence, 
although both technical and patient factors contribute to leakages.33,34 
Technical proficiency is known to influence the outcomes of minimally 
invasive gastrectomy, with increasing experience being related to 
decreasing complication rates, including leakage.35 Esophagojejunostomy 
under MIS is considered more technically challenging procedure and is 
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also required for long learning period.36,37 In fact, laparoscopic 
gastrectomy was introduced at our institution in 2003 and robotic 
gastrectomy was introduced in 2005. Consequently, a relatively large 
number of patients undergoing MIS were in the initial experience period 
of each surgeon, whereas most of the open surgery was performed after 
sufficient experience. Moreover, the entire number of total gastrectomy 
using MIS was much less than that of open surgery, and the surgeons 
were in their early learning curve period before mastering these 
challenging procedures. Thus, relatively high incidence of early 
esophagojejunostomy leakage after MIS in this study would be mostly 
associated with learning curve effect related to its technical difficulty. In 
contrast, the leakage incidence after distal gastrectomy was lower for MIS 
than for open surgery, which suggests that the surgeons might have 
become technically proficient in performing distal gastrectomy via MIS. 
In addition, MIS was often used for patients with relatively early-stage 
gastric cancer, which would be associated with a lower leakage rate.

In this context, learning curve effect should be considered in minimally 
invasive gastrectomy,38 as MIS is being increasingly popular for treating 
gastric cancer patient.3,39 Sufficient training for performing minimally 
invasive gastrectomy with technically proficiency may reduce the risk of 
leakage in early experience of surgeons. If possible, selecting patient is 
patients with early stage, small tumor, non-obese, and no comorbidities 
would be an option for successful MIS during the learning curve 
period.40

Endoscopic and radiologic treatments are first-choice treatment modality 
for most patients with contained leakage,34,41 as these patients are 
relatively asymptomatic and generally surgery is not necessary. However, 
surgery is still required for early leakages, which are commonly not 
contained and related to a technical failure. In this study, surgery was 
more frequently utilized for early leakages than for late leakages, 
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although surgery in this setting carries a higher risks of morbidity and 
mortality than the conservative or interventional treatment.42 Subsequent 
surgery after the initial treatment failure was less successful than surgery 
as an initial treatment in this study. However, the worse outcomes of 
subsequent surgery after initial treatment failure might be biased, as this 
sequence is used for patients with poor and septic conditions caused by 
previous treatment failure. Nevertheless, subsequent surgery after initial 
treatment failure was typically successful for early leakage. Thus, surgery 
can be successful as an initial treatment for all leakages and even as 
subsequent treatment for early leakage after initial treatment failure.

There are several limitations of this study. Assessment of the grade of 
leakage is important for surgeons to make a proper choice of treatment 
and to standardize treatment strategy. However, the grade of leakage was 
not available in all patients because not all patients were examined with 
oral contrast CT scan in this study. Another limitation of this study is 
the lack of a standardized strategy for leakage treatment. However, there 
is no clear evidence regarding the efficacy or superiority of any specific 
treatment over another. Moreover, the low incidence of leakage also 
makes it difficult to perform a randomized trial to compare different 
treatments. Therefore, a retrospective study with a large cohort like this 
study might be a possible option to provide comprehensive information 
regarding leakage, although efforts to establish an appropriate treatment 
strategy for leakage are warranted. Generalizability of our findings to 
low-volume centers or to Western is uncertain since we evaluated Korean 
patients only at a single high-volume center. This study showed a lower 
incidence of leakage than previous studies, especially studies in the 
West,44 however, it was similar to the results of studies at high-volume 
centers in the East.15 This result may be related to patients` 
characteristics of relatively early-stage gastric cancer, young age, and few 
comorbidities. Moreover, to the best of our knowledge, this study 
provides the most extensive data regarding accumulated experience with 
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leakage management, which may help provide insights regarding the 
incidence and treatment outcomes of leakage after gastric cancer surgery.

V. CONCLUSION
Leakage was related to high mortality, although incidence was low in 

experienced surgeon at high-volume center. Improvements in surgical 
technique and overcoming technical difficulty may help minimize the risk 
of leakage after gastrectomy especially in minimally invasive approach. 
Strategic focus on training to achieve rapid technical proficiency should 
be emphasized. Further studies are needed to establish an optimal 
treatment strategy for leakage.
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<ABSTRACT(IN KOREAN)>

위암 수술 후 발생한 문합부 누출의 치료 결과

<지도교수 형우진>

연세대학교 대학원 의학과

노철규

연구적 배경: 문합부 누출은 위암으로 위절제술 후 발생하는 가장 심
각한 합병증 중 하나로 수술 후 높은 합병증 발생률 및 사망률과 관
계가 깊다. 하지만, 위암 수술 후 누출에 대한 포괄적인 연구는 거의
없다. 이 연구는 위암 수술 후 발생한 누출에 대해 문합 유형 및 수
술 방법 별 발생률을 확인하고 치료 결과를 분석하고자 한다.
방법: 연세대학교 의과대학 외과부에서 2005년부터 2017년까지 위암
으로 위절제술을 시행 받은 14075명의 의무기록을 후향적으로 분석하
였다. 누출은 방사선학적, 내시경적 또는 임상적으로 진단하였다. 누출
은 보존적, 중재적 또는 수술적 방법으로 치료를 하였다. 주요 결과는
누출 발생률, 치료 결과 및 누출 관련 사망률이었다.
결과: 위암 수술 후 누출은 평균 수술 후 7일 (중앙값, 범위 1-29일)
에 진단이 되었다. 전체 누출률은 1.51 퍼센트 (14075 중 213명)이었
고, 식도공장문합부에서 가장 높은 누출률을 보였다 (2.07 퍼센트). 위
전절제술 후 누출은 최소 침습 수술에서 개복 수술보다 흔하게 나타
났다 (로봇: 5.83 퍼센트, 복강경: 3.56 퍼센트, 개복: 1.64 퍼센트;
P<0.001). 누출률은 특히 최소 침습 수술 초기 100 케이스 (2.4 퍼센
트)에서 이후 케이스 (1.3 퍼센트) 보다 유의하게 더 높았다
(P=0.001). 조기 누출 (수술 후 4일 전 진단)는 최소 침습 수술에서
개복 수술보다 자주 발생하였다 (복강경: 35.4 퍼센트, 로봇: 29.0 퍼센
트, 개복: 12.7 퍼센트; P=0.006). 누출에 대한 초기 치료 성공률은
70.4 퍼센트였다 (213 중 150). 십이지장 봉합부위 누출은 다른 누출
들보다 높은 초기 치료 성공률을 보였다 (9.6.6 퍼센트, P<0.001). 초
기 치료 실패 후 시행한 수술적 치료는 조기 누출에서 중기 누출 및
후기 누출 보다 높은 성공률을 보였다 (조기: 80 퍼센트, 중기: 20 퍼



40

센트, 후기: 25 퍼센트). 조기 누출의 치료 기간은 중기 및 후기 누출
에 비해 길었다 (중앙값, 조기: 32일, 중기: 23일, 후기: 23일;
P=0.025). 누출 환자 213명 중 15명이 사망하였다 (7.0 퍼센트). 위공
장문합부 (11.1 퍼센트) 및 식도공장문합부 (10.5 퍼센트) 누출의 사망
률이 다른 부위 누출들 보다 높았다. 누출 관련 사망은 전체 수술 관
련 사망의 38.5 퍼센트를 차지하였다 (39 중 15).
결론: 위암 수술 후 누출은 높은 사망률과 관련이 있다. 최소 침습 수
술, 특히 위전절제술과 근위 위절제술에 대한 수술자의 많은 경험이
누출의 위험을 줄이는데 필요할 것이다. 비록 누출에 대한 최적의 치
료 체계에 대한 연구가 필요하지만, 조기 누출에 대한 수술적 치료는
효과적이다.

핵심되는 말 : 위암, 위절제술, 누출, 치료


