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Effect of coronary-caval shunt combined with partial pericardial
devascularisation on oesophageal and gastric variceal bleeding
caused by portal hypertension
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ABSTRACT

Background/Aims: To investigate the effect of coronary-caval shunt combined with partial pericardial devascu-
larisation on oesophageal and gastric variceal bleeding caused by portal hypertension.

Materials and Methods: Between January 2005 and January 2015, coronary-caval shunt operations combined
with partial pericardial devascularisation were performed electively on 15 cirrhotic patients with portal hyper-
tension. All of these patients had a history of oesophageal and gastric variceal bleeding. The clinical and follow-
up data of these patients were reviewed retrospectively. Another 15 patients receiving non-surgical treatments
in a similar follow-up period were used as controls to compare the preventive effects of different treatment
strategies on rebleeding.

Results: All of the 15 surgical procedures were performed successfully, and no severe complications occurred.
Among these, autogenous splenic veins were used as bridge vessels in 6 cases, whereas the coronary vein and
inferior vena cava were anastomosed directly in 9 cases. All surgical patients were followed up from 5 months
to 10 years with an average of 63 months; 2 patients died due to liver failure induced by reactivation of hepatitis
B virus and oesophageal/gastric variceal rebleeding, respectively. The rebleeding rates for surgical and non-sur-
gical patients were 6.7% and 66.7% (p<0.05), respectively, whereas the 5-year survival rates for the two groups
were 85.7% and 33.3% (p<0.05), respectively.

Conclusion: Patients with oesophageal and gastric variceal bleeding caused by portal hypertension may ben-
efit from a coronary-caval shunt combined with partial pericardial devascularisation due to decreased coronary
vein pressure, unaffected hepatic blood inflow, and reduced incidence of rebleeding.
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INTRODUCTION and gastric variceal bleeding caused by portal hyper-

Oesophageal and gastric variceal bleeding is the most
severe complication of portal hypertension due to cir-
rhosis; its treatment depends to a great degree on the
severity of cirrhosis and the damage to liver function.
The mortality of oesophageal and gastric variceal bleed-
ing is quite high. Furthermore, rebleeding readily oc-
curs after the first instance of variceal bleeding, and the
mortality of rebleeding is even higher (1,2). Therefore,
the main treatment strategy is to control bleeding and
prevent rebleeding (2,3). Surgical therapy is an option
when pharmacotherapy and endoscopic treatment are
less effective. The surgical therapies for oesophageal

tension include portal-systemic shunt surgery, gastro-
esophageal devascularisation and liver transplantation.
The curative effects of various operative methods are
different, as are the changes in postoperative haemo-
dynamics as well as liver function; further investigation
is still needed to determine the optimal surgical proce-
dure for this disease (4-7).

The coronary-caval shunt was first designed by Inoku-
chi (7) in 1967. In the following years, Inokuchi et al. (7-
12) continued to observe and evaluate this method and
found that its curative effect was distinct. However, the
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fact that the wall of the coronary vein is quite thin increased the
difficulty of this surgery and prevented its extensive applica-
tion in clinical practice. In recent years, with the development
of surgical techniques, especially blood vessel anastomosis
and micro-invasive surgery, extensive use of the coronary-ca-
val shunt became possible. Because there were still potential
oesophageal and gastric varices after the placement of a sole
coronary-caval shunt, partial pericardial devascularisation was
added to further improve the curative effect (12). From 2005
to 2015, we performed coronary-caval shunt procedures com-
bined with partial pericardial devascularisation for 15 patients
with portal hypertension, and the results were promising. Re-
ported herein are data on 15 patients with a maximal follow-up
of 10 years.

MATERIALS AND METHODS

Ethics statements

All parts of this retrospective study were conducted in accor-
dance with the Declaration of Helsinki of the World Medical As-
sociation. This study was approved ethically by The First Affili-
ated Hospital of Medical College, Xi'an Jiaotong University. All
patients provided informed written consent.

Patients

From January 2005 to January 2015, a total of 15 patients un-
derwent coronary-caval shunt procedures combined with par-
tial pericardial devascularisation for portal hypertension due to
non-neoplastic liver cirrhosis in our hospital; the patients in-
cluded 11 males and 4 females with an average age of 43 years
(range 29-61). Diagnosis of cirrhosis was based on clinical,
laboratory and radiological findings (13). There were 13 cases
of posthepatitic cirrhosis, including 10 hepatitis B virus (HBV)-
related cirrhosis cases, 2 hepatitis C virus (HCV)-related cirrhosis
cases and 1 HBV complicated with HCV-related cirrhosis case,
1 case of alcoholic cirrhosis and 1 case of autoimmune liver
cirrhosis. All of these patients had a history of oesophageal and
gastric variceal bleeding with manifestations of hematemesis
and/or melena; according to the Glasgow-Blatchford scoring
system (14), 3 patients were considered to be at high risk and
12 were at low risk. Preoperative endoscopic examination re-
vealed obvious oesophageal and gastric varices (Figure 1). As
for liver function grade, Child-Pugh A was found in 7 patients
and Child-Pugh B was found in 8 patients. Preoperative colour
Doppler ultrasound examination or computed tomography
angiography (CTA) scan showed that the diameters of the pa-
tients coronary veins ranged from 0.5 cm to 1.0 cm (Figure 2).

Another 15 patients with oesophageal and gastric variceal
bleeding caused by portal hypertension who received non-
surgical treatments, including pharmacotherapy and/or endo-
scopic treatment, in a similar follow-up period were used as
controls to compare the preventive effects of different treat-
ment strategies on rebleeding. None of the major clinical pa-
rameters were significantly different between the two groups.

Bai et al. Coronary-caval shunt with devascularisation

Preoperative preparation

Routine laboratory and radiology examinations were per-
formed to evaluate the general conditions, coagulation func-
tion, heart, lung and liver functions of the patients. If necessary,
corresponding intervention measures were taken to improve
the conditions of the patients so that they could safely tolerate
the surgery. Specific examinations, including colour Doppler
ultrasound examination and CTA scan, were performed to re-
veal the extent of gastric coronary vein varicose, the diameter
and length of the coronary vein and the degree of portal vein
dilation as well as the presence of thrombosis and variation.

. T

Figure 1. Endoscopic pictures of oesophageal varices before the opera-
tion.
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Figure 2. Preoperative CTA scan showing the dilation of the coronary vein
(black arrow).
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The splenic vein, great saphenous vein and internal jugular
vein were also evaluated as potential bridge vessels.

Indications for coronary-caval shunt include: liver cirrhosis
with portal hypertension; a history of oesophageal and gastric
variceal bleeding, for which pharmacotherapy or endoscopic
treatment are less effective, or a need to prevent rebleeding;
Child-Pugh A or B; gastric coronary vein dilation with a diam-
eter ranging from 0.5 cm to 1.0 cm; a clear anatomic relation-
ship around the inferior vena cava and no obvious inflamma-
tory change. The contraindications include very poor general
conditions due to severe heart, lung or kidney dysfunction so
that the patient could not tolerate surgery; Child-Pugh C; no
obvious gastric coronary vein dilation (diameter less than 0.5
cm) or extreme dilation (diameter more than 1.0 cm) or multi-
ple aneurysmal dilatation and an unclear anatomic relationship
around the inferior vena cava or inflammatory change.

Operative technique

The coronary-caval shunt procedure was performed according
to the technique described by Inokuchi (7). Briefly, a midline
abdominal incision from the xyphoid to approximately 5 cm
below the navel was performed with the patient in the supine
position. At first, catheters were inserted into the right gastro-
omental vein and veins along the lesser curvature to measure
the portal vein and gastric coronary vein pressure, respectively.
Then, the gastric coronary vein was explored to realize the
open position, single or double branch, degree of dilation and
tortuosity. If the diameter of the gastric coronary vein ranged
from 0.5 cm to 1.0 cm and there was no obvious variation and
tortuosity, a coronary-caval shunt procedure could be per-
formed.

Splenectomy was performed first. The spleen pedicle was cut
off as close to the splenic hilum as possible to retain a sufficient
length of portal vein for later use (Figure 3a). The splenic vein
was freed for 5-7 cm, and all its tributaries were ligated on the
superior border of the pancreas from the tail of the pancreas
to its head. The isolated splenic vein was preserved in saline
for later use. The gastric coronary vein was dissected and di-
vided about 0.5 cm away from the portal vein. The distal end
was double ligated, and the proximal end was freed as close to
the gastric wall as possible (Figure 3b). The left and right gas-
troepiploic artery and vein, left gastric artery, right gastric vein,
posterior gastric vein and gastric short vein were freed and li-
gated. The right gastric artery was retained. The anterior medial
wall of the inferior vena cava was exposed close to the omental
foramen above the renal vein. The anterior wall of the inferior
vena cava was clamped with a non-invasive vascular clamp for
anastomosis (Figure 3q).

If the coronary vein was long enough, it could be anastomosed
directly to the inferior vena cava (Figure 3d). If a bridge vessel
was needed, end-to-side anastomosis of the isolated splenic
vein and the inferior vena cava would be performed first. The
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anastomotic stoma was performed as close to the left wall of
the inferior vena cava as possible to avoid sharp angulation
of the bridge vessel as it entered the inferior vena cava. The
bridge vessel was taken through the omental foramen to the
broken end of the coronary vein, and end-to-end anastomosis
of the isolated splenic vein and coronary vein was performed.
For both anastomoses, a continuous eversion suture technique
was adopted with 6-0 Prolene. The vessels were flushed with
heparin saline while the anastomosis was performed. Before
the vessel clamp was removed, some blood was released from
the anastomotic stoma to expel possible air and thrombus in-
side. The portal vein and gastric coronary vein pressure were
measured again immediately after the shunt operation.

Postoperative management

Expect for regular electrocardiogram monitoring, nutrition
support and medications protecting liver function, specific
attention should be paid to the following: 1) Maintain stable
blood pressure. 2) Monitor bleeding time, clotting time and
platelet count to prevent thrombogenesis. When safe, pa-
tients should receive intravenous or subcutaneous injections
of low molecular weight heparin, 5000-7500 U per 12 h, for 5
days followed by oral therapy with warfarin for 3-6 months to
maintain the target prothrombin time/international normal-
ized ratio (PT/INR) at a level between 1.5 and 2.0. 3) Monitor
liver function, including the levels of transaminase enzymes,
cholesterol, proteins and jaundice index. 4) Perform colour
Doppler ultrasound examination or CTA scan regularly to ob-
serve the blood flow and thrombogenesis in the shunt ves-
sels. 5) Perform gastroscopy examination regularly to monitor
the extent of oesophageal and gastric varices. 6) Monitor the
rebleeding rate of varices and the incidence of hepatic en-
cephalopathy.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS) 11.5 statis-
tical software (SPSS Inc.; Chicago, IL, USA) was used for statistical
analyses. Continuous data were presented as mean+standard
deviation (SD) and compared with the two-tailed non-paired
Student’s t-test. Categorical data were presented as frequen-
cies and analysed with the Chi-square or Fisher exact test.
A p value <0.05 was considered statistically significant.

RESULTS

Surgical results

All of the 15 surgical procedures were performed successfully,
and no operation-related death occurred. Among these, au-
togenous splenic veins were used as bridge vessels in 6 cases,
whereas the coronary vein and inferior vena cava were anas-
tomosed directly in 9 cases. No severe postoperative compli-
cations, such as hepatic failure or hepatic encephalopathy,
occurred. White blood cell and platelet count significantly in-
creased postoperatively (Table 1). All the patients recovered
satisfactorily with a mean hospital stay of 11 days.
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Figure 3. a-d. Pattern of coronary-caval shunt. Cut off the spleen pedicle close to the splenic hilum (a); free gastric coronary vein as long as possible (b);
expose the anterior medial wall of the inferior vena cava (c); coronary vein (or antilogous blood veins) and inferior vena cava end-to-side anastomosis (d)

Hemodynamic changes

The preshunt average portal vein and gastric coronary vein
pressures were 37.73+538 cm H,0 and 33.16+4.36 cm H.O,
respectively, while those after the shunt operation were
3561+4.70 cm H,O and 15.26+3.91 cm H,O, respectively (Fig-
ure 4). The gastric coronary vein pressure after the shunt op-
eration was obviously lower than that before the operation
(p<0.01), while the pressure of the portal vein changed only
slightly before and after the shunt operation (p>0.05). Pulsed
Doppler ultrasound examination showed that the preshunt av-
erage portal vein flow was 741+213 mL/min, while that after

the shunt procedure was 690187 mL/min; no statistical differ-
ence was found between them (p>0.05).

Follow-up results

All surgical patients were followed up regularly from 5 months
to 10 years, with an average of 63 months. Thrombosis was
found in the shunt vessel on the 4™ day after operation in one
patient and disappeared after timely thrombolytic therapy.
Two patients died during the follow-up. One death was due
to liver failure induced by reactivation of hepatitis B virus in the
37" month after operation, and the other was due to oesopha-
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Table 1. Laboratory and imaging data of the 15 patients before and after
the operation

Preoperative Postoperative

24 h 24 h Discharge
RBC (x10'%/L) 3.21(1.63) 351(1.72) 4.12 (1.80)
WBC (x10°/L) 2.54(1.33) 736 (3.24) 6.68 (3.01)*
PLT (x10%L) 533(31.2) 758(393) 3293 (113.2)*
ALT (U/L) 266 (11.2) 352(7.7) 22.8(6.3)
AST (U/L) 199 (8.3) 346 (124) 26.5(10.1)
TP (g/L) 65.6(13.2) 63.2 (15.5) 78/6 (17.4)
ALB (g/L) 313(5.0) 303 (43) 37.0(6.5)
TBIL (umol/L) 24.2(10.0) 27.3(8.9) 19.8 (11.4)
CHOL (mmol/L) 32(1.7) 2720 39(2.7)
NH3 (umol/L) 247 (11.2) 326(13.6) 15.1(16.5)
Diameter of PV (mm) 15.2(2.3) 143 (2.1) 136 (2.0)
Flow of PV (mL/min) 741 (213) 702 (190) 667 (230)

Data are expressed as mean=SD.

*p<0.05 vs. preoperative 24 h.

RBC: red blood cell; WBC: white blood cell; PLT: platelets; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; TP: total protein; ALB: serum albumin; TBIL: total biliru-
bin; CHOL: total cholesterol; NH3: blood ammonia; PV: portal vein

geal and gastric variceal rebleeding in the 63rd month after op-
eration. The rebleeding rate was 6.7% and the five-year survival
rate was 85.7%. No long-term complications occurred for the
remaining 13 patients, and hypersplenism was rectified com-
pletely (Table 1). Gastroscopy re-examination three months af-
ter operation revealed that the oesophageal and gastric varices
had almost disappeared (Figure 5). Portal hypertension gastric
disease was greatly relieved. Colour Doppler ultrasound exami-
nation or CTA scan showed that the patency rate of the shunt
vessels was 100% (Figure 6).

For the non-surgical group, the rebleeding rate was 66.7%
(10/15), which was significantly higher than that in the surgical
group (p<0.05). In line with this, the 5-year survival rate of the
non-surgical group was obviously decreased compared to that
of the surgical group (33.3% vs. 85.7%, p<0.05).

DISCUSSION

Pharmacotherapy combined with endoscopic therapy has
been regarded as the first-line treatment of cesophageal and
gastric variceal bleeding. However, when these treatments are
less effective, surgery is the best option (1-3). Currently, the
surgical strategy for oesophageal and gastric variceal bleeding
includes devascularisation and shunt operations (15). Devas-
cularisation is an effective way to control bleeding and assure
blood supply to the liver; however, this surgery may lead to
increased postoperative portal pressure and induce portal hy-
pertensive gastropathy and rebleeding (16). Therefore, it has
been almost abandoned in all countries except for China. There
are three types of shunting procedures for the treatment of oe-
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Figure 4. Changes in the portal vein pressure (PVP) and coronary vein
pressure (CVP) before and after the shunt

Figure 5. Endoscopic pictures of oesophageal varices 3 months after op-
eration.

Figure 6. Postoperative CTA scan showing the patency of the shunt vessel
(white arrow)
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sophageal and gastric variceal bleeding: total shunt, limited
shunt and selective shunt (17). Total shunt and limited shunt
operations could relieve portal hypertension effectively. How-
ever, these operations decreased hepatic blood inflow, aggra-
vated liver damage and could induce hepatic encephalopathy
(18). Selective shunts include distal splenorenal shunt, sple-
nocaval shunt and coronary-caval shunt (19). Among these,
coronary-caval shunt is theoretically considered to be the best.

The portal vein blood flow can essentially be divided into two
basins, namely the spleen and stomach area and the mesen-
teric blood flow area. There are ‘barriers’ between the two ar-
eas. Blood flow from the portal vein via the coronary vein to
the systemic circulation is the anatomical basis of oesopha-
geal and gastric varices caused by portal hypertension (7).
Thus, coronary-caval shunt has the following advantages: 1)
It effectively relieves the pressure in oesophageal and gastric
varices. Inokuchi (7) reported that the pressure of the coronary
vein decreased from 14 to 39 cm H,0 to 14 to 20 cm H.O after
the shunt operation. In this study, the preshunt average gas-
tric coronary vein pressure was 33.16+4.36 cm H, O, while that
after the shunt procedure was 15.26+3.91 cm H,0. The drop
was 16.82£3.16 cm H,0. Gastroscopy re-examination 3 months
after the operation revealed that the oesophageal and gastric
varices almost disappeared. 2) The communication between
the coronary vein and the portal or splenic vein was discon-
nected, and the branches from the portal or splenic vein to
the oesophagus and the bottom of the stomach were ligated,
which played a partial devascularisation role. 3) Venous pres-
sure in the spleen and stomach area decreased after the shunt
operation, which can relieve portal hypertensive gastropathy.
4) This surgical method had little effect on portal vein flow and
therefore could reduce the incidence of hepatic encephalopa-
thy. Inokuchi et al. (10) reported that the preshunt average por-
tal vein flow was 713+193 mL/min, while that after the shunt
was 756 mL/min; the shunt had little effect on the portal vein
flow. In agreement with the report by Inokuchi et al. (10), our
results showed that the preshunt average portal vein pressure
was 37.73 5.38 cm H,O, while that after the shunt operation was
35.61+4.70 cm H,O; the drop was only 2.23+1.52 cm H,0. Ad-
ditionally, the preshunt average portal vein flow was 7414213
mL/min, while that after the shunt operation was 690+187
mL/min. No statistical difference was found between pre-and
post-shunt operation for either portal pressure or portal flow.

The coronary vein can communicate with the vena cava via a
bridge vessel. The bridge vessel can be an artificial blood vessel
or autogenous vessels such as the splenic vein, great saphenous
vein or internal jugular vein (10-12). With the development of
surgical techniques, the extensive use of coronary-caval shunts
became possible. If the coronary vein was sufficiently long, it
could be anastomosed directly to the inferior vena cava. In this
study, the coronary vein and inferior vena cava were anasto-
mosed directly in 9 cases, while autogenous splenic veins were
used as bridge vessels in the other 6 cases. To prevent postop-
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erative thrombosis in the shunt vessel, patients should receive
prophylatic anticoagulants early as long as it is safe. If thrombo-
sis is found, thrombolytic therapy should be given in a timely
fashion. All of the 15 surgical patients in this study received in-
travenous or subcutaneous injection of low molecular weight
heparin, 5000 to 7500 U per 12 h, from post-operative day (POD)
1to POD 5, followed by oral warfarin therapy for 3 to 6 months
to keep the target PT/INR at a level between 1.5 and 2.0. Throm-
bosis was found in the shunt vessel on POD 4 in only one patient;
the thrombosis disappeared after timely thrombolytic therapy.

Potential oesophageal and gastric varices may remain after a
coronary-caval shunt operation, which may be related to the
limited shunt volume caused by small anastomotic stoma or
the reflux of portal vein flow via the right gastro-omental vein
or posterior gastric vein. Saeki et al. (20) reported a female pa-
tient with sudden haematemesis and melena 17 years after a
coronary-caval shunt operation. Gastroscopic examination re-
vealed aneurysmal dilated varicose veins that were bleeding
on both the anterior and posterior walls of the stomach body.
Percutaneous hepatic portal vein angiography revealed a steal-
ing of the portal blood flow to the inferior vena cava through
both a dilated right gastroepiploic vein and a right gastric
vein via the left gastric venous caval shunt. In this study, dur-
ing follow-up, only one incident of rebleeding occurred and
the rebleeding rate was 6.7%, which was significantly lower
than that in the non-surgical group. Compared with the shunt
operation alone, coronary-caval shunt combined with partial
devascularisation and splenectomy may increase the risks for
patients. To guarantee patient safety, we established a series
of preoperative risk assessment criteria, such as a preoperative
liver assessment (POLA) checklist (21), to mitigate periopera-
tive complications for these patients. In this study, all of the 15
surgical procedures were performed successfully, and no op-
eration-related death or severe postoperative complications
such as hepatic failure or hepatic encephalopathy occurred.
No postoperative portal vein system thrombosis was found
in this study, and we speculate that the reason might be the
early regular use of anticoagulants for preventing thrombosis
in the shunt vessels. Therefore, we concluded that coronary-
caval shunt combined with partial devascularisation could be
a practicable treatment for patients with oesophageal and
gastric varices to reduce the rebleeding rate and rebleeding-
related mortality. However, due to the limited number of cases
and the short follow-up period for some cases, the long term
results of this surgical treatment need further investigation.

In general, each of the surgical strategies for cirrhotic portal
hypertension has its own characteristics, and adopting person-
alized treatment programs to achieve the best curative effect
will be the trend in the future (22,23). Coronary-caval shunt
combined with partial devascularisation could decrease pres-
sure in the coronary vein and relieve oesophageal and gastric
varices effectively. At the same time, this surgical technique has
little effect on blood flow in the mesenteric area and can assure
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portal pressure and hepatic blood inflow, thus preserving liver
function well. Theoretically, this is the best shunt operation for
patients with severe oesophageal and gastric varices who have
poor liver function and who are not suitable for or unwilling to
undergo liver transplantation.
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