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Abstract
Background  Surgeons normally encounter the left gastric vein (LGV) during laparoscopic gastrectomy (LG) for gastric 
cancer, and the various anatomic variants of this vessel make the procedure difficult. The objective of this study was to 
classify anatomic variants of the LGV in the laparoscopic operation field and clarify their clinical significance during LG.
Methods  In total, 405 patients who underwent LG in 2013–2017 for gastric cancer were enrolled in the study. LGV drain-
age was classified into six types by the anatomic relation of the LGV to the arteries of the celiac axis: Type Ia [LGV runs 
anteriorly to the common hepatic artery (CHA)], Type Ip (LGV runs posteriorly to CHA), Type II (LGV runs anteriorly to 
the left gastric artery), Type IIIa [LGV runs anteriorly to the splenic artery (SA)], Type IIIp (LGV runs posteriorly to SA), 
and Type IV (LGV runs cranially into the proximal portal vein or liver parenchyma). If the LGV was injured during the 
operation, the patient was included as a member of the injury group (IG).
Results  Most patients (n = 391, 96.5%) had a single LGV, whereas 14 (3.5%) patients had double LGVs. Type Ip was the 
most common of the six drainage types (n = 195, 48.1%). The number of patients in the IG was 49 (13.0%). Types I and III 
were relatively easily injured when compared with type II (p = 0.025). Patients in the IG had longer operation times, more 
blood loss, and more lymph node metastases than the non-IG patients.
Conclusions  In most patients, the LGV drains posteriorly to the CHA or anteriorly to the LGA. Gastric surgeons should take 
great care not to injure the LGV during LG when it is not present on the anterior side of the celiac axis.
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The left gastric vein (LGV), also known as the gastric coro-
nary vein, has an important role in venous drainage of the 
stomach. The LGV typically drains into the portal vein (PV) 
or splenic vein [1–3]; therefore, accidental injury to the LGV 
during an operation can lead to heavy blood loss. However, 
as the LGV has several anatomic variants, clear identifica-
tion and safe ligation of the vessel is one of the most chal-
lenging procedures in radical gastrectomy for gastric cancer 
patients.

Laparoscopic gastrectomy (LG) has become a common 
treatment for gastric cancer worldwide, with several advan-
tages that enhance patient quality of life [4–6]. However, 
unexpected anatomic variations in the perigastric vascular 

structure can dramatically increase the difficulty of LG, as 
these variations complicate navigation of the surgical field 
with a lack of tactile sense and make it difficult to control 
vascular injury, especially venous injury [3, 7]. Several stud-
ies have sought to identify variations in the LGV by preop-
erative computed tomography (CT) with three-dimensional 
(3D) reconstruction [2, 3, 8–10]. However, 3D CT is expen-
sive and requires a substantial amount of contrast medium; 
therefore, prior studies included very limited numbers of 
enrolled patients. Moreover, there have been several pro-
posed classification systems for anatomic variations in the 
LGV, but those systems are complex, and their clinical sig-
nificance in LG has not been clearly elucidated [11, 12]. 
Therefore, this study was designed to directly demonstrate 
and classify the various courses of the LGV in the laparo-
scopic surgical field and to analyze the clinical utility of this 
classification with respect to the safety of LG.
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Materials and methods

Patients

From April 2012 to December 2017, 608 patients under-
went LG for gastric adenocarcinoma at our center. Of these 
patients, 10 patients who underwent completion of total 
gastrectomy, 48 patients whose operation was terminated 
without the detection of LGV (palliative resection, severe 
adhesion due to previous operation, open conversion), 145 
patients whose operation video could not be reviewed due 
to technical problems were excluded from the study. Finally, 
a total of 405 patients were enrolled in the study. The sur-
geries were performed by a single expert surgeon who had 
treated more than 500 cases of LG since 2008. Approval was 
obtained from the Institutional Review Board of the Catholic 
University of Korea College of Medicine (HC18RESI0001).

Operating procedure

Gastric resections included laparoscopic total and dis-
tal gastrectomies, with D1+ to D2 lymph node dissection 
(LND) performed according to the third Japanese gastric 
cancer treatment guidelines [13]. All surgical procedures 
were recorded on a laparoscopic video system; the course 
of each LGV was reviewed retrospectively by the surgical 
team and classified into one of six types, as described below. 
If the LGV was injured during the operation, the patient was 
included as a member of the injury group (IG) regardless of 
the injury severity. Patients’ clinicopathological characteris-
tics, operation time, and estimated blood loss were assessed 
from a prospectively collected database.

Classification and nomenclature of variants 
of the LGV

All surgical procedures were recorded on a laparoscopic 
video system and retrospectively reviewed. The course of 
the LGV was classified by its anatomic relationship to the 
celiac axis (CA), left gastric artery (LGA), common hepatic 
artery (CHA), and splenic artery (SA) (Fig. 1). From right to 
left, if the LGV crossed the CHA and drained into the portal 
venous system, it was classified as type I. If the LGV drained 
anteriorly to the CA, it was classified as type II. If the LGV 
crossed the SA and drained, it was classified as type III. 
Furthermore, types I and III were both subdivided into ante-
riorly (a) and posteriorly (p) drained groups by their position 
relative to the CHA or SA. If the LGV drained directly into 
the liver parenchyma or into the proximal PV near the PV 
bifurcation, it was classified as type IV. By this nomencla-
ture, the course of LGV was classified into six types: Ia, 

Ip, II, IIIa, IIIp, and IV. If a patient had double or multiple 
LGVs, the type of LGV was determined by the course of 
the largest one.

Statistical analysis

The statistical analyses were performed with SPSS 18.0 
(SPSS Inc.; Chicago, IL, USA). The collected data are 
expressed as median values (range) for non-parametric con-
tinuous variables, means ± standard deviations for paramet-
ric continuous variables, and frequencies with percentages 
for nominal variables. The Chi-square test or Fisher’s exact 
test was used for nominal variables. The Mann–Whitney U 
test was used for non-parametric variables, and Student’s t 
test was used for parametric continuous variables. Signifi-
cance was determined using a two-tailed p value of 0.05. 
The variables that were found to be significant (p < 0.10) 
in the univariate analysis were included in the multivariate 
logistic regression analysis to identify the impact of each 
variable on LGV injury.

Results

Patients’ clinicopathological characteristics and operative 
data are shown in Table 1. Images of each type are shown in 
Fig. 2. In 48.1% (n = 195) of patients, the LGV drained pos-
teriorly to the CHA (type Ip, Table 2). The next most com-
mon type, accounting for 30.0% (n = 121) of patients, was 
type II, in which the LGV drained anteriorly to the LGA. 
Types Ia, IIIa, IIIp, and IV were observed in 3.0% (n = 12), 
12.3% (n = 50), 5.7% (23%), and 1.0% (n = 4) of patients, 
respectively. Fourteen patients (3.5%) had double LGVs, 
and the most common types for the larger LGVs were types 

Fig. 1   Course of the LGV classified by anatomic relations to the 
CHA, LGA, and SA



1905Surgical Endoscopy (2019) 33:1903–1909	

1 3

II (n = 8) and Ip (n = 6). No patient had more than double 
LGVs.

In 49 (13.8%) patients, the LGV was injured during LG. 
The incidence of LGV injury differed among the variation 
types of LGV drainage (Table 3). Type II LGV was more 
likely than types I or III to be ligated safely (p = 0.025). 
In type II, 5.8% of LGVs were injured during LG, but the 
injury group included 14.0% and 17.8% of all type I and III 
patients, respectively. Posteriorly drained LGVs tended to 
be more frequently injured than anteriorly drained LGVs, 
although the trend was not significant. Type of gastrectomy, 
pathological stage, and number of malignant lymph nodes 
did not significantly differ among types I, II, and III or 
between anteriorly and posteriorly drained LGVs. In a uni-
variate analysis of risk factors for injury of the LGV, T stage 
of primary tumor above T1, lymphatic metastasis, and LGV 
types other than type II were the risk factors for LGV injury 
(Table 4). In a multivariate analysis, LGV type other than 
type II was determined to be a risk factor for LGV injury.

When compared to patients whose LGV was not injured 
during LG, the IG required extended operation times (IG vs. 
non-IG: 196.9 min vs. 173.0 min, p = 0.012) and exhibited 
increased intraoperative blood loss (IG vs. non-IG: 133.0 cc 
vs. 73.7 cc, p = 0.029). The IG also had more advanced path-
ological stages of disease (p = 0.031) and a higher propor-
tion of patients with pathologically malignant lymph nodes 

than the uninjured group (IG vs. non-IG: 41.7% vs. 25.1%, 
p = 0.034). Furthermore, the mean number of malignant 
lymph nodes was elevated in the IG (IG vs. non-IG: 4.2 vs. 
1.3, p = 0.010).

Among the 49 IG patients, one patient with type Ip 
needed a conversion to open surgery due to LGV injury. His 
bleeding was successfully managed after open conversion, 
and his pathologic stage of gastric cancer was T4aN3bM0. 
He was discharged without any postoperative complications 
on the 11th day after operation. LGV injury in the other 48 
IG patients was successfully managed on the laparoscopic 
field.

Discussion

Several anatomic variations of the LGV are known to exist, 
and damage to that vessel can lead to massive hemorrhage 
during gastrectomy because it directly drains to the portal 
venous system [2, 8, 10]. Therefore, a precise understand-
ing of the courses of its anatomic variants is a prerequisite 
for safe surgery [14]. However, there has been no research 
on these conditions, and the present study is, to the best 
of our knowledge, the first to directly categorize the ana-
tomic variations in the LGV in the laparoscopic field and 
track the incidence of LGV injury. In addition, we provide a 
new nomenclature system for LGV anatomic variants. The 
new classifications are easy to understand because they are 
defined by the relationship between the LGV and the large 
arteries of the CA.

The reasons for the different LGV drainage patterns 
remain unclear despite several anatomical studies [1, 15, 
16]. Embryologically [17], the primitive foregut venous 
plexus (PFVP) courses along the primitive foregut, while 
the ductus venosus of Arantius anastomoses with the 
PFVP, resulting in the anastomotic omental veins. Dur-
ing the development of the PFVP, the anastomotic omen-
tal veins gradually disappear, with both the right and left 
gastric veins ending in the main PV. Veins, however, must 
adapt to changes in the intestinal canal and expansion of 
the liver, resulting in different LGV drainage patterns, 
which probably emerged at different times during the 
course of evolution. In 1950, Douglass classified the LGV 
by the site of its connection to the portal venous system. 
In 1993, Roi reported an ultrasound study on the LGV, but 
the vessel was identified in only 46% of the patients. Since 
the early twenty-first century, attempts have been made in 
several studies to identify anatomic variations in perigas-
tric vascular structures by multidetector CT (MDCT) with 
3D reconstruction before pancreatectomy or gastrectomy 
[2, 3, 8–10, 18]. Using MDCT findings from 81 gastric 
cancer patients, Kawasaki et al. [10] defined five groups 
of LGV locations and validated them with intraoperative 

Table 1   Clinicopathological characteristics and operative data

BMI body mass index, LN lymph node
a Mean: 1.7

Variables Values (n = 405)

Age 64 (30–92)
Sex
 Male 259 (64.0%)
 Female 146 (36.0%)

BMI (kg/m2) 24.1 (16.4–37.3)
Type of gastrectomy
 Subtotal gastrectomy 359 (88.6%)
 Total gastrectomy 46 (11.4%)

Extent of LN dissection
 D1+ 74 (18.3%)
 D2 331 (81.7%)

Pathologic stage
 I 277 (68.4%)
 II 67 (16.5%)
 III 59 (14.6%)
 IV 2 (0.5%)

Total retrieved LN 31 (9–83)
Metastasized LN 0 (0–36)a

Operation time (min) 160 (90–410)
Estimated blood loss (cc) 52 (5–606)
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observations. Their classification groups were dorsal to 
the CHA, dorsal to the SA, ventral to the CHA, ventral to 
the SA, and others. Our classification is largely similar to 
theirs, but we identified some patients in whom the LGV 
was attached to the LGA and drained at its anterior side. 
We classified that variant as type II, and this type exhibited 
a prevalence of 30.0%. LGV crossing the CHA posteriorly 
was the most common course found in the present study. 
The frequency of this type (Ip) was 48.1%, and this result 

was similar to the values reported in previous studies, 
which ranged from 36 to 49.8% [9, 10].

The incidence of injury to the LGV during LG was 13.0% 
in our study. We included all minor injuries during opera-
tion, and although these data did not include any information 
with respect to the severity of LGV injury, to the best of our 
knowledge, this is the first report about the prevalence of 
LGV injury during LG. By our new classification, compared 
to types I and III, type II LGV was found to be relatively safe 

Fig. 2   Various LGV types observed during laparoscopic gastrectomy. A Type Ia. B Type Ip. C Type II. D Type IIIa. E Type IIIp. F Type IV. 
Filled star, LGV; ⦾, LGA; dagger, CHA; filled triangle, SA
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to ligate during LG. In type II, the incidence of LGV injury 
was 5.8%, and this rate was significantly lower than that of 
type I or III. According to the risk factor analysis for LGV 
injury, type II LGV was identified as a negative risk factor 
in both univariate and multivariate analysis. The reason for 
this result might be that type II LGV could be easily detected 
at the anterior side of the CA without complete dissection of 
the lymph nodes around the CA. In addition, although the 
trend was not significant, the incidence of injury of anteri-
orly drained LGVs (type Ia, II and IIIa) was lower than that 
of posteriorly drained LGVs (type Ip and IIIp). Therefore, 
during LND in LG, considering that type Ip was the most 
common type, if the LGV does not appear on the anterior 
side of the CA, surgeons should take special care not to 
injure the hidden LGV among the lymph nodes of the CHA 
or SA.

Another major factor that may have affected the incidence 
of LGV injury was lymphatic metastasis, which was more 
extensive in the IG than that in the non-IG patients. D2 LND 
itself was not a risk factor for injury in the present study, but 
lymphatic invasion of the nodes around the CHA, LGA, and 
SA made LND more difficult, and this may result in injury 
of perigastric vessels, including the LGV. Furthermore, in 
reference to pathological stages, the prevalence of AGC was 
significantly higher in the IG than that in the non-IG patients; 
consequently, the proportion of patients who had lymphatic 
metastasis and the average number of metastasized lymph 
nodes were both higher in the IG than that in the non-IG 
patients. However, the influence of LGV injury on the outcome 
of the operation remains unclear. Although patients whose 
LGV was injured during LG required extended operation 

Table 2   Anatomic variations in the LGV and their frequencies

CHA common hepatic artery, LGA left gastric artery, SA splenic 
artery

Variation type Description Frequency

Ia LGV runs anteriorly to CHA 3.0% (n = 12)
Ip LGV runs posteriorly to CHA 48.1% (n = 195)
II LGV runs anteriorly to LGA 30.0% (n = 121)
IIIa LGV runs anteriorly to SA 12.3% (n = 50)
IIIp LGV runs posteriorly to SA 5.7% (n = 23)
IV LGV runs cranially into proximal 

portal vein or liver parenchyma
1.0% (n = 4)

Total 100% (n = 405)

Table 3   Comparison of the incidence of LGV injury by the anatomic 
types

Significant values are indicated in bold
LGV left gastric vein

Incidence of LGV 
injury (n/total)

p value

Type Ia 8.3% (1/12)
Type Ip 14.4% (28/195)
Type II 5.8% (7/121)
Type IIIa 18.0% (9/50)
Type IIIp 17.4% (4/23)
Type IV 0% (0/4)
Categorized by type I, II, and III 0.025
Type I (Ia + Ip) 14.0% (29/207)
Type II 5.8% (7/121)
Type III (IIIa + IIIp) 17.8% (13/73)
Categorized by anterior group and posterior group 0.117
Anterior group (Ia + II + IIIa) 9.3% (17/183)
Posterior group (Ip + IIIp) 14.7% (32/218)

Table 4   Univariate and multivariate analysis of the risk factor for 
LGV injury

LGV left gastric vein, BMI body mass index, LN lymph node, LND 
lymph node dissection
Significant values are indicated in bold

Univariate Multivariate

OR [95% CI] p value OR [95% CI] p value

Age (years) 0.297
 < 60 1
 ≥ 60 0.72 [0.4–1.32]

BMI (kg/m2) 0.629
 < 28 1
 ≥ 28 1.22 [0.51–

2.64]
T stage 0.0495 0.599
 pT1 1 1
 pT ≥ 2 1.83 [1.0–3.35] 1.25 [0.54–

2.78]
N stage 0.024 0.143
 pN0 1 1
 pN ≥ 1 2.04 [1.09–

3.76]
1.87 [0.81–

4.38]
LND ≥ D2 0.947
 D1+ 1
 ≥ D2 0.97 [0.47–

2.23]
Total retrieved 

LN
0.609

 < 40 1
 ≥ 40 0.83 [0.39–

1.64]
LGV type
 Type II 1 1
 Type I 2.59 [1.16–

6.62]
0.029 2.55 [1.13–

6.53]
0.034

 Type III 3.53 [1.37–
9.83]

0.011 3.76 [1.45–
10.59]

0.008
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times and exhibited increased total intraoperative bleeding and 
because there are many factors that affect the surgical outcome 
other than the ligation of LGV and dissection of LND around 
this vessel, the actual clinical effectiveness of minimizing 
LGV injury needs to be confirmed by further studies.

Selective use of preoperative MDCT with 3D reconstruc-
tion to confirm the course of the LGV in those patients who 
have clinically advanced tumors or suspicious lymphatic 
metastasis can be a reasonable option. Such CT angiogra-
phy was validated by previous studies identifying vascular 
anomalies in the preoperative period [9, 12, 19, 20]; how-
ever, this modality is expensive, and patients are exposed to 
substantial amounts of radiation and contrast medium. Miy-
amoto et al. [9] reported that preoperative 3D reconstruc-
tion of the perigastric vasculature was useful for reducing 
intraoperative blood loss in 84 patients undergoing radical 
gastrectomy, but more studies are needed to validate the effi-
cacy of preoperative CT angiography to enhance the safety 
of LG, especially in clinically AGC patients.

The present study does have some limitations. First, no 
relationship could be demonstrated between LGV variations 
and accompanying arterial variations. Our classification is 
based on the anatomic relationship of the LGV to the arteries 
of the CA. Therefore, when arterial variations accompany 
LGV variations, the former may affect the classification of 
the latter. There was also a limitation on the ability to fully 
describe arterial variations from a review of intraopera-
tive videos. More studies using CT angiograms or cadavers 
are needed to clarify the relationship between LGV varia-
tions and arterial variations. Recently, Wu et al. reported 
that LGV variation could be determined and classified by 
preoperative dynamic-enhanced MDCT [12]. Preoperative 
findings of arterial structures that are carefully evaluated 
by radiologists can be correlated with intraoperative LGV 
variants in future studies.

Second, the definite location where the LGV drained 
into the portal venous system could not be observed in most 
patients. The LGV typically drains into the PV or splenic 
vein, but in many cases, this drainage occurs by the deep 
dorsal side of the pancreas; therefore, the definite location 
is difficult to detect in the laparoscopic field during gas-
trectomy. The anatomic location where the LGV terminates 
can be identified during pancreatectomy [18]; therefore, the 
analysis of intraoperative findings from pancreatectomy may 
be helpful in identifying the anatomic relationship between 
the variation in the LGV and the site of its termination.

Conclusion

In most patients, the LGV drains posteriorly to the CHA or 
anteriorly to the LGA; therefore, gastric surgeons should 
take special care not to injure the LGV when approaching 

these areas, especially when it does not appear on the ante-
rior side to the celiac axis.
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