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Abstract

Background Treatment for gastric cancer with portal

hypertension must consider the eradication of the tumor

and the change of hemodynamics in portal hypertension

(PHT). Few reports have described the surgical procedures

and postoperative complications of surgery for gastric

cancer associated with PHT.

Methods The clinical data of 22 patients with PHT

undergoing curative surgery for gastric cancer during

5 years were retrospectively analyzed. For 12 patients

classified in Child’s class A, D2 lymph node (LN) dis-

section was performed, and 10 patients classified into

Child’s class B were treated with D1 LN dissection. Sur-

gical treatment included total gastrectomy combined with

pericardial devascularization, distal subtotal gastrectomy,

distal subtotal gastrectomy combined with splenectomy,

and distal subtotal gastrectomy combined with pericardial

devascularization with posterior gastric artery and left

inferior phrenic artery preserved. A liver biopsy was ana-

lyzed in all patients.

Results Postoperative complications developed in 50 %

(11/22 patients) and the mortality rate was 9 % (2/22). The

rate of postoperative ascites in patients with Child’s class A

was much lower than in those with Child’s class B

(P \ 0.05). ‘‘Operation time,’’ ‘‘volume of hemorrhage,’’

‘‘platelet count,’’ and ‘‘treatment of PHT’’ are all risk

factors of liver function deterioration. However, there was

no significant difference in liver function deterioration rate

between patients with Child’s class A and Child’s class B

(P [ 0.05). The occurrence rate of complications in

patients with PHT was much higher compared to those

without with PHT (P \ 0.05).

Conclusions Individualized selection of surgical approa-

ches is crucial for treatment of gastric carcinoma accom-

panied by PHT. Surgical treatment should be based on

preoperative TNM stage, liver function, and degree of

PHT.

Keywords Gastric cancer � Portal hypertension � Surgery

approaches

Introduction

Gastric carcinoma (GC) is still one of the most frequently

diagnosed cancers and the second most common cause of

death from cancer worldwide [1]. Another major health

problem in China is liver cirrhosis (LC), because of the

high prevalence of hepatitis B virus (HBV) infection.

Therefore, LC is not infrequently encountered among

candidates for gastric cancer surgery [2]. A gastrectomy

with D2 lymphadenectomy is the standard surgical proce-

dure for gastric cancer because lymph node metastasis is an

important prognostic factor, as is the depth of primary

tumor invasion [3]. However, such an extended lymphad-

enectomy in gastric cancer patients with LC can lead

to severe postoperative morbidity and mortality, and

especially massive ascites [4, 5]. Because LC itself is
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considered to be a terminal stage of liver disease, deter-

mining the appropriate surgical strategy in patients with

gastric cancer combined with LC is controversial. Post-

operative massive ascites is the most dangerous compli-

cation after an extended lymphadenectomy. Hyun et al. [6]

reported that the rates of postoperative complications and

mortality are 39 and 9 %, respectively. Thus, treatment of

gastric cancer with portal hypertension (PHT) must con-

sider the eradication of the tumor and change of hemody-

namics in PHT. However, few reports have described the

surgical procedures and postoperative complications of

operations performed for gastric cancer associated with

PHT. We summarized the clinical records of 24 patients

diagnosed as gastric carcinoma combined with PHT

between January 2003 and June 2008 and explored the

selection of treatment by operation.

Materials and methods

Patients

A total of 1,347 consecutive patients underwent gastrec-

tomy for GC at the Department of General Surgery, The

Second Affiliated Hospital of Wenzhou Medical College,

between January 2003 and June 2008. Of the 1,347 GC

patients, 24 (1.8 %) were diagnosed as having PHT, and

these 24 patients were enrolled in this study. Patients for

the present study included 14 men and 10 women with a

median age of 56.4 years (range 46–68 years).

Diagnosis and stage of gastric carcinoma: esophago-

gastroduodenoscopy with biopsy, abdominal computerized

tomographic (CT) examination, plain chest X-ray, contrast-

enhanced ultrasound, and basic laboratory blood tests.

Diagnosis of liver cirrhosis and PHT

Liver cirrhosis was diagnosed according to clinical data in

addition to either a positive radiologic or pathological

result (i.e., CT scan, nuclear magnetic resonance imaging,

ultrasonography, endoscopy, or liver biopsy). An intraop-

erative liver biopsy was performed in 22 of the 24 patients

in our study. All the laboratory testing was performed with

commercial kits at the routine hospital laboratory. Persis-

tent infection with hepatitis B virus (HBV) and hepatitis C

virus (HCV) was assessed by evaluating the hepatitis B

surface antigen (HBsAg) and anti-HCV antibodies in

serum. PHT was defined by the increase of hepatic vein

pressure gradient (HVPG) or free portal pressure (FPP)

above a threshold value of about 10 mmHg or 25 cmH2O,

respectively. The presence of esophageal-gastric varices,

hypersplenism, variceal bleeding, or ascites indicates the

presence of PHT.

Preoperative assessment of liver damage

Initially, laboratory measurements including aspartate

aminotransferase (AST), alanine aminotransferase (ALT),

alkaline phosphatase, platelets, serum creatinine, serum

albumin, direct and total bilirubin, and coagulation tests

were made for all patients. Ultrasound for the detection of

ascites and endoscopy for varices were performed for all

patients. To assess the severity of liver damage, the Child–

Pugh classification was used [7]. Indocyanine green (ICG)

disappearance rate was also determined and used as an

indicator of hepatic functional reserve. After intravenous

injection of ICG (0.5 mg/kg), plasma ICG disappearance

rate (K-ICG) was calculated by linear regression from

plasma ICG concentrations at 5, 10, and 15 min.

Preoperative assessment of tumor stage

The clinicopathological data were evaluated according to

the General Rules for Gastric Cancer Staging in Surgery

and Pathology established by the Japanese Research

Society for Gastric Cancer [8]. Early cancer was defined as

a T1 tumor and advanced cancer was defined as CT2

tumor, regardless of nodal involvement.

Tumor and selection of surgery

Total or distal gastrectomy was selected depending on the

location and the macroscopic type of GC. When the tumor

was located in the middle or upper third of the stomach, a

total gastrectomy was performed. When the cancer-free

margin could not be ensured by a distal gastrectomy

because of an infiltrative growth pattern, a total gastrec-

tomy was selected regardless of the main location of the

tumor. For gastric carcinoma located in the lower third, and

for those without need of treatment of PHT, distal gas-

trectomy was first favored. Concurrent with handling PHT,

three surgical methods were chosen [1]: distal gastrectomy

combined with splenectomy [2]; total gastrectomy with

reservation of left inferior phrenic artery and posterior

gastric artery [3]; and total gastrectomy combined with

pericardial devascularization.

Curative surgery was defined as resection with no

apparent residual tumors. In curative surgery for gastric

cancer, the degree of LN dissection was scored according

to the Japanese Classification of Gastric Carcinoma: D1 is

limited LN dissection in which the perigastric LNs are

removed; and D2 is extended LN dissection in which LNs

along the common hepatic artery, along the splenic artery,

and around the celiac axis are also removed [9]. In our

study, 12 cases with Child’s class A underwent D2 lymph

node dissection and 10 cases who had Child’s class B

underwent D1 lymph node dissection.
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Treatment of PHT

Concurrent treating of PHT with resection of GC is still

controversial. In our study, for patients with need of con-

current treating of PHT and resection of GC, the following

prerequisites are required: (a) patient in good condition,

with no severe heart, lung, kidney, or other important organ

lesions; (b) gastric lesions can be radically removed; and

(c) patient had good hepatic functional reserve (Child’s

class A or B). The surgical choice of PHT was decided by

risk of upper gastrointestinal bleeding of patients and

extent of hypersplenism. Indications for resection of gastric

carcinoma with splenectomy (or splenic artery ligation)

generally included (a) splenomegaly (major diameter

[12 cm) with platelet count \60 9 109/l and white blood

cell count\3.0 9 109/l, according to the Barcelona Clinic

Liver Cancer (BCLC) group criteria; (b) hemorrhagic

tendency owing to hypersplenism observed by clinical

manifestation or laboratory examination results. A total

devascularization operation was indicated, such as peri-

cardial devascularization, if the following high-risk factors

existed: (a) splenomegaly, hypersplenism combined with

esophageal or/and gastric varices of severe varicosity;

(b) upper gastrointestinal bleeding history (recurrent

bleeding was defined as any episode of upper gastrointes-

tinal tract bleeding occurring after the first successful

sclerotherapy session or subsequently between scheduled

treatment sessions); and (c) preoperative measurement of

free portal pressure (FPP) C42 cmH2O.

Preoperatively FPP was measured via venous cannula-

tion of the right gastroepiploic vein. Average FPP was

36.0 ± 4.8 cmH2O (range 29–47 cmH2O) (1 cmH2O =

0.098 kPa). Average operation time was 190.4 ± 35.1 min

(range 150–300 min. Average blood loss during operation

was 779.5 ± 284.7 ml (range 300–1,500) ml. Liver biopsy

was performed in all surgical cases.

Preoperative preparation

Before operation, we initiated liver protective therapy,

supplied correct blood volume, and maintained the stability

of water electrolyte values and acid–base balance. Cor-

rection of anemia, hypoproteinemia, and blood coagulation

dysfunction was also indicated. Diuretic therapy was

indicated if a patient complained of abdominal distension

and if body weight increased more than 1 kg per day or

abdominal circumference increased 5 cm per day. After

treatment for 1–2 weeks, Child–Pugh classification was

evaluated: 12 cases were categorized as Child’s class A, 10

cases as class B, and 2 cases as class C. In all, 22 cases

underwent surgical operation; all were categorized as

Child’s class A or B and classified as TNM stage I–III. Of

these, 2 cases (Child’s class C) were under conservative

treatment, of which one was at the stage TNM IV and the

other at the stage TNM III.

Postoperative complications and mortality

The occurrence of postoperative complications including

ascites, anastomosis leakage, left inferior phrenic sepsis,

pleural effusion, hepatic hepatorenal syndrome, and mor-

tality was recorded in every patient. The postoperative

Child–Pugh classification in every patient was reevaluated.

The occurrence rate of postoperative complications

including ascites, anastomosis leakage, left inferior phrenic

sepsis, pleural effusion, hepatic hepatorenal syndrome, and

mortality was compared between patients with Child’s

class A and class B. The risk factors of liver function

deterioration and postoperative complications were also

evaluated.

Statistical treatment

Results are presented as median (interquartile range), and

nonparametric statistical testing was used. The data were

analyzed using an SPSS statistical program. The v2 test was

used to compare categorical variables between groups. A

survival curve was made with log-rank analysis.

Statistical significance was defined as P \ 0.05.

Results

Patient characteristics are seen in Table 1.

Changes of FPP of patients after devascularization

operation

The average FPP in patients with additional devasculari-

zation before operation was 43.76 ± 1.28 cmH2O. After

operation the average FPP was 36.35 ± 2.42 cmH2O,

which was significantly decreased (P B 0.05).

Postoperative complications and mortality

Among the 22 patients, 11 (50 %) developed postopera-

tive complications, including ascites, anastomosis leakage,

left inferior phrenic sepsis, pleural effusion, hepatic

hepatorenal syndrome (HRS), wound infection, and

mortality (Table 2). The incidence of pleural effusion,

hepatorenal syndrome, wound infection, and left inferior

phrenic sepsis between patients with Child’s class A and

Child’s class B was not significantly different (P [ 0.05).

However, the incidence of ascites in patients with Child’s

class A was much lower than in those with Child’s

class B (P \ 0.05).
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Two patients (9 %) died postoperatively, one from

hepatic hepatorenal syndrome and the other from postop-

erative anastomosis leakage after distal gastrectomy (dis-

section of lymph node D with pericardial devascularization

reservation of the left inferior phrenic artery). None of the

patients with Child’s class A died of complications.

Average postoperative hospital stay (days) was 38.8 days

(range 25–51 days).

Factors influencing liver function and postoperative

complications

Operation time, volume of hemorrhage, platelet count, and

treatment of PHT were all risk factors of liver function

deterioration. However, there was no significant difference

in liver function deterioration rate between patients with

Child’s class A and Child’s class B (P [ 0.05). Volume of

hemorrhage, Child–Pugh classification, indocyanine green

retention rate at 15 min (ICGR15), and treatment of PHT

were all risk factors of occurrence of postoperative com-

plications. The incidence of complications in patients with

PHT was much higher compared to those without PHT

(P \ 0.05) (Table 3).

Table 1 Patient characteristics
Factor Child’s class A

(n = 12)

Child’s class B

(n = 10)

Child’s class C

(n = 2)

Age (years)

B55 7 6 1

[55 5 4 1

Sex

Male 8 5 1

Female 4 5 1

Cause of cirrhosis

HBV related 10 9 1

HCV related 1 0 1

Alcohol 1 1 0

Location of tumor

Upper third 3 1 1

Middle third 1 5 1

Lower third 8 4

Tumor stage

Stage I 2 1 0

Stage II 5 6 0

Stage III 5 3 1

Stage IV 0 0 1

Operative approach

Total gastrectomy ? pericardial devascularization 5 6

Distal subtotal gastrectomy 6 3

Distal subtotal gastrectomy ? splenectomy or

splenic artery ligation

1

Distal subtotal gastrectomy ? pericardial

devascularization ? with reservation of left

inferior phrenic artery and posterior gastric artery

1

Extent of lymphadenectomy D2 D1

History of episodes of UGI bleeding 4 2 2

Table 2 Postoperative morbidities and mortalities according to

Child–Pugh classification

Child’s class A

(n = 12)

Child’s class B

(n = 10)

P value

Ascites 2 6 0.035

Pleural effusion 1 3 0.075

Hepatorenal syndrome 0 1 0.209

Anastomotic leakage 0 1 0.209

Wound infection 2 2 0.924

Left inferior phrenic

sepsis

1 1 0.830

Mortality 0 2 0.104
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Long-term outcomes

Except for 2 patients who died, the other 22 patients were

followed as outpatients or by telephone follow-up: 18

patients died after 1–3 years, 8 of hepatic failure, 4 of

upper gastrointestinal bleeding, and 6 of recurrence of

gastric cancer. Follow-up included endoscopy (if deemed

necessary by the endoscopist), and clinical and laboratory

evaluation at 1 month postoperatively, every 6 months for

the first 5 years, and every year thereafter. Those patients

who were not able to attend the clinic regularly were

contacted by telephone or through questionnaire sent by

mail. The survival curve of patients with Child’s class A or

B, respectively, is seen in Fig. 1. The survival time of

patients with Child’s class A was significantly longer than

that of patients with Child’s class B (P \ 0.05).

Discussion

It is well known that patients with LC have a high inci-

dence of postoperative complications and postoperative

mortality [10–13]. Hyun et al. [6] reported that the rate of

postoperative complications and mortality is 39 % and

9 %, respectively. In our study, the 24 patients were a

subset of more than 1,300 patients. The incidence of gastric

carcinoma complicated by PHT was infrequent in our

study, so management of these patients remained a chal-

lenge. Recent advances in surgical techniques and post-

operative management have reduced the morbidity and

mortality associated with gastric cancer surgery. However,

there have been a limited number of reports describing

postoperative complications in patients with LC who

undergo radical surgery for gastric cancer. Therefore,

during the perioperative period patients should be com-

prehensively evaluated and individually treated.

Preoperative evaluations were as follows. (a) Evaluation

or resectability of gastric carcinoma: preoperative gastro-

scope and computerized tomographic examination were

done to determine the location and size of the tumor and

possible distant metastasis. In our hospital, gastroduodenal

double-contrast ultrasound was used to confirm the location

of the lesion, depth of invasion, and scope [14]. Contrast-

enhanced ultrasound of the liver was further used to help

find intrahepatic occult metastatic cells [15]. (b) Preopera-

tive evaluation of liver function was done in all patients.

Table 3 Change of liver

function class and incidence of

postoperative complications

Factors Change of liver function grade Postoperative complication

Stability (n = 10) Deterioration (n = 12) P value Yes (n = 11) No (n = 11) P value

Age (years)

B55 6 7 0.937 6 7 0.665

[55 4 5 5 4

ICGR15 (%)

B10 2 1 0.611 0 3 0.03

10–20 4 4 3 5

C20 4 7 8 3

Diameter of tumor (cm)

B3 7 4 0.198 3 8 0.086

[3 3 8 8 3

Platelet count (109/l)

B100 4 11 0.02 6 9 0.361

C100 6 1 5 2

Operation time (min)

B180 8 2 0.008 3 7 0.198

[180 2 10 8 4

Volume of hemorrhage (ml)

B800 9 2 0.002 2 9 0.009

[800 1 10 9 2

Child’s class

A 7 5 0.231 3 9 0.03

B 3 7 8 2

Treatment of PHT

Yes 3 10 0.027 10 3 0.008

No 7 2 1 8
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Preoperative liver function was assessed according to the

Child–Pugh classification, but the disadvantage of this was

the situation of hepatic dysfunction and quiescent condition

degree of compensation. (c) Evaluation of portal hyper-

tension: preoperative measurement of superior mesenteric,

maximum portal flow velocity, and blood flow direction

with color Doppler ultrasonography. Extent of spleno-

megaly with or without hypersplenism and volume of

ascites were further evaluated.

Gastric cancer surgery in our institution followed stan-

dardized operative protocols: a total or distal gastrectomy

was selected depending on the location and the macro-

scopic type of GC. When the tumor was located in the

middle or upper third of the stomach, a total gastrectomy

was performed. When the cancer-free margin could not be

ensured by a distal gastrectomy because of an infiltrative

growth pattern, a total gastrectomy was selected regardless

of the main location of the tumor. For gastric carcinoma

located in the lower third, the choice of treatment for distal

third of the stomach gastric cancer remains controversial.

Reports suggest that if a distal subtotal gastrectomy with

regional lymphadenectomy, a standard operation for gastric

cancer, is performed, then the esophageal and/or gastric

varices may deteriorate quickly, thus leading to a rupture

that can often be fatal. This complication occurs because

the residual hepatofugal collateral pathways, which flow

via the residual short gastric veins and posterior gastric

veins from the esophageal and/or gastric varices directly

through the blood vessels of the gastric wall after the major

hepatofugal collateral pathways, such as the left gastric

vein, have been resected with the stomach [16]. On the

other hand, deterioration of esophageal varices has also

been reported to occur after the operation when total gas-

trectomy has been performed, and all the collateral path-

ways have been devascularized, because a large portal vein

flow had been directed into the esophageal wall directly

through the blood vessels of the Roux-en-Y loop [17].

Thus, the surgical choice for distal gastric carcinoma must

be fully considered. In our study, for those without need of

treatment of PHT, distal gastrectomy was favored. Per-

spective follow-up found no rupture of esophageal or

gastric varices. Concurrent with treating PHT, especially

during gastroesophageal devascularization, the blood sup-

ply of the proximal stomach will be greatly affected. Some

reports indicated that a distal gastrectomy combined with

pericardial devascularization with reservation of the left

inferior phrenic artery and superior gastric artery can avoid

ischemia of the remnant stomach [18]. However, we con-

tend that hypoplasia or the absence of the superior gastric

artery already exists in some patients. Furthermore, the left

inferior phrenic artery was far from the gastric remnant,

which increased the ratio of fistula of anastomosis because

of ischemia of the gastric remnant. Further, in the situation

of severe perigastric varicosity and dense adhesions around

the spleen, reservation of these vessels may increase the

operative time and loss of blood, and even lead to

incomplete devascularization. In our group, one patient

died of anastomotic fistula after distal gastrectomy com-

bined with pericardial devascularization with reservation of

the left inferior phrenic artery and superior gastric artery.

Therefore, we believe that total gastrectomy will be safer

for patients with distal gastric carcinoma with concurrent

Fig. 1 Survival curves

(cumulative, cum) of patients

with Child A or Child B

classification
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treatment of PHT. In our group, one patient with distal

gastric carcinoma underwent total gastrectomy without

severe complications.

Although the causes of death for patients with Child’s class

A were most commonly related to the recurrence of gastric

cancer, the most common causes for patients with Child’s

class B or C were cirrhosis related, such as hepatic failure or

hepatoma, followed by postoperative complications [19].

These observations suggest that aggressive surgery for

patients with gastric cancer combined with PHT should not be

carried out with the sole aim of achieving a curative resection.

For patients with moderate to severe hepatic dysfunction, D1

or less extensive LN dissection may be the more reasonable

surgical procedure. Shi et al. [20] also believed that for

patients with PHT, D2 LN dissection should not be routinely

performed: D1 LN dissection was sufficient. In our group,

between Child’s class A patients experiencing D2 LN dis-

section and Child’s class B patients experiencing D1 dis-

section, the deterioration rate of liver function showed no

significant difference (P \ 0.05). However, the incidence of

complications of Child’s class A was lower than Child’s class

B. The prognosis of PHT patients depends on liver function

status but not the operative choice. So, we believe that for

Child’s class A patients, D2 LN dissection should be safe and

feasible, but perioperative liver protection treatment is nec-

essary. These results demonstrated that radical gastrectomy

in LC patients at a compensated stage was feasible. The

incidence of complications for Child’s class B patients was

12.66 fold that of Child’s class A patients, especially in the

presence of ascites [21]. So, to increase the safety of the

operation, the operative choice for Child’s class B patients

should be D1 LN dissection without residual tumor visible by

naked eye.

As for Child’s class C, surgery should not be undertaken

unless the situation represents an emergency. Based on our

experience concerning postoperative morbidities and mor-

talities in patients with Child’s class B or C, we suggest

that avoiding LN dissection along the hepatoduodenal

ligament should be considered for patients with moderate

or severe hepatic dysfunction, except for those in whom

metastases are macroscopically evident in the LNs.

With the improvement of radioactive intervention, the

mortality rate of patients with PHT after the first bleeding

undergoing medical treatment has been decreasing. Agree-

ment has been reached that prophylactic devascularization

was not essential. For patients with gastric carcinoma and

PHT, the surgical alternative is still controversial. We

believe that radical resection combined with gastroesopha-

geal devascularization can reduce portal venous flow,

increase the blood flow of the hepatic artery, remove

hypersplenism secondary to liver cirrhosis and portal

hypertension, and alleviate hepatic bilirubin load, contrib-

uting to liver regeneration and liver function recovery.

In liver cirrhosis, because portal venous blood flow is

reduced, maintenance of hepatic arterial blood flow and pre-

served hepatic arterial buffer response probably represent a

beneficial mechanism for hepatic circulation that upgrades

three lineages of blood cells and enhances postoperative

antitumor immunity. For patients with need of concurrent

treatment for PHT and resection of GC, the following pre-

requisites are needed: (a) the patient’s general condition is

good, with no severe heart, lung, kidney, and other important

organ lesions; (b) gastric lesions can be radically removed;

(c) good hepatic functional reserve (Child’s class A–B). The

surgical alternative for PHT was decided by risk of upper

gastrointestinal bleeding and the extent of hypersplen-

ism. Indications for resection of gastric carcinoma with

splenectomy (or splenic artery ligation) generally included

(a) splenomegaly (major diameter [12 cm) with a platelet

count \60 9 109/l and white blood cell count below

3.0 9 109/l; and (b) hemorrhagic tendency owing to hyper-

splenism observed by clinical manifestation or laboratory

examination results. Entire devascularization was indicated,

such as pericardial devascularization, with the following high-

risk factors: (a) splenomegaly, hypersplenism combined with

esophageal or/and gastric varices severe varicosity, and

(b) upper gastrointestinal bleeding history. Recurrent bleeding

was defined as any episode of upper gastrointestinal tract

bleeding occurring after the first successful sclerotherapy

session or subsequently between scheduled treatment ses-

sions; and (c) preoperative measurement of FPP C42 cmH2O.

Out study showed that the incidence of complications

between patients with or without PHT was significantly

different (P \ 0.05). Although the concurrent treatment of

PHT was beneficial to patients, the key to successful sur-

gical treatment of a patient with gastric carcinoma asso-

ciated with liver cirrhosis and portal hypertension was the

access to strictly ruled indications and a reasonable surgical

procedure.

Overall, the treatment of patient with gastric carcinoma

associated with PHT was complex, with much controversy.

Attaching importance to perioperative management was

crucial to the success of the operative procedure. Preop-

erative hepatic function, preoperative ascites and tumor

stage were factors affecting postoperative survival. In

conclusion, radical gastrectomy could be conducted safely

in GC patients with Child’s class B cirrhosis based on the

Child–Pugh classification. However, the extent of lymph

node dissection should be minimized because grade B

patients are at risk of postoperative intractable ascites.
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