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INTRODUCTION

Extrahepatic portal vein obstruction (EHPVO) is the 
most common cause of portal hypertension in children, 
which can lead to life-threatening variceal bleeding [1]. The 
classic Rex shunt, meso-Rex shunt (MRS), is an attractive 
treatment for EHPVO and uses an autologous internal jug-
ular vein (IJV) graft to bypass the obstructed extrahepatic 
portal vein (PV) and direct blood from the superior mesen-
teric vein (SMV) to the intrahepatic left portal vein (LPV) 
within the Rex recess [2]. Recently, modified Rex shunts 
that use different conduits or venous inflows from those of 
the classic Rex shunt have been reported as well. Prosthetic 
and autologous grafts such as the external jugular vein and 
great saphenous vein (GSV) have been used as alternative 

grafts, and the coronary, splenic, or umbilical veins, as al-
ternative venous inflow [3,4]. The MRS has been regarded 
as the most physiological method for decreasing PV pres-
sure while restoring normal blood flow to the liver [5,6]. 
This report describes two cases of recurrent or uncontrolled 
variceal bleeding due to EHPVO, one treated with the clas-
sic MRS and the other by a modified technique using the 
GSV graft to connect between the coronary vein and the 
LPV.

CASE

1) Case 1

A 9-year-old girl presented with intermittent abdominal 
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pain and melena for 10 months. She underwent an abdomi-
nal operation for choledochal cyst excision with Roux-en-Y 
hepatico-jejunostomy (HJ) 1 year before at another hospi-
tal. The bleeding focus of the melena could not be found 
even after various studies, so the patient was referred to 
our hospital for further evaluation and management. Re-
view of the outside computed tomography (CT) revealed an 
extrahepatic PV thrombosis (PVT) that had occurred after 
surgery and newly formed varices around the HJ site, which 
caused the variceal bleeding (Fig. 1). To control the vari-
ceal bleeding and maintain the portal blood flow, MRS was 
planned.

Her liver function test results, including her coagula-
tion profile, were normal. Owing to the continued variceal 
bleeding, her hemoglobin (Hb) level decreased to 6.9 g/dL, 
and 3 pints of red blood cell transfusions were administered 
for anemia correction, which increased the Hb level to 9.5 
g/dL just before surgery.

Preoperative abdominal ultrasonography (USG) revealed 

a PVT, large cavernous transformation at the porta hepatis, 
and coarse increased echogenicity of the liver. Preoperative 
CT scans showed PVT of the main PV trunk, starting right 
before the division into the RPV and LPV, and extending to 
the confluence of the SMV and splenic veins.

Under general endotracheal anesthesia, an upper midline 
incision was made. The LPV at the Rex recess and the SMV 
at the mesenteric root were exposed. The left IJV was har-
vested for use as an autologous graft. Distal and proximal 
end-to-side anastomoses were performed to connect the 
IJV graft to the LPV, and the IJV graft to the SMV, respec-
tively. A hand-held intraoperative Doppler examination 
revealed active flow through the graft. Then, a small inci-
sion was made on the jejunum near the HJ site, and mul-
tiple mucosal blood oozing was found. Although the active 
bleeding focus was not found, several suture ligations were 
performed at suspected oozing sites, followed by primary 
repair of the jejunum.

Postoperatively, conventional systemic heparinization 
was started to achieve an activated partial thromboplas-
tin time between 60 and 95 seconds. However, the rou-
tine follow-up CT angiography performed on the second 
postoperative day revealed total occlusion of the IJV graft 
(Fig. 2). Emergent surgical thrombectomy was performed, 
revealing no kinking or twisting of the graft. Intraopera-
tive angiography revealed that the right PV and its anterior 
and posterior branches were patent, but the LPV was pat-
ent only up to the main branch (Fig. 3). The conventional 
systemic heparinization was resumed postoperatively. Liver 
Doppler USG (DUS) after 3 days revealed a thrombosis of 
the SMV-LPV graft. After evaluating the risks and benefits, 
observation without further intervention or surgery was 
decided. When no evidence of gastrointestinal bleeding was 
found, the patient was discharged on the 12th postopera-
tive day. During the 4-year follow-up, she had no complaint 
of abdomen pain or gastrointestinal bleeding. However, she 
underwent one elective endoscopic variceal ligation (EVL) 
procedure for prominent esophageal varices found in a rou-

A B

Fig. 1. Preoperative computed 
tomography scan showing a 
cavernous formation around 
the porta hepatis (arrow in A) 
and portal vein thrombosis (ar-
row in B).

Fig. 2. Computed tomography scan on the second post-
operative day showing a thrombosed internal jugular vein 
graft.
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tine endoscopic examination. The most recent follow-up 
abdominal USG revealed increased coarse liver parenchy-
mal echogenicity that suggested liver cirrhosis and ascites 
production. The patient is currently receiving conservative 
treatment with propranolol 10 mg twice daily. Although 
her blood test results, including liver enzyme, bilirubin, and 
albumin levels, and coagulation profiles, are normal, the 
development of ascites and esophageal varices indicated 
the irreversible progression of liver cirrhosis. Thus, the pa-
tient was listed on the waiting list for deceased-donor liver 
transplantation.

2) Case 2

An 11-year-old boy presented with melena due to 
esophageal variceal bleeding. He was diagnosed as having 
esophageal varices 4 years earlier, and since then, he had 

been taking propranolol 10 mg bid (twice a day) and un-
derwent a total of 4 EVL procedures for recurrent variceal 
bleeding. A CT scan showed esophageal and gastric varices 
with EHPVO and cavernous transformation of the PV (Fig. 
4). As the varices, splenomegaly, and thrombocytopenia 
worsened, a meticulous workup was performed to assess 
whether the patient was suitable for a MRS. Preopera-
tive USG revealed a relatively normal hepatic stiffness and 
echotexture without focal lesions. The PVT was confined 
only to the main PV trunk and was not occluding the con-
fluence of the SMV and splenic veins, and the LPV seemed 
patent on the preoperative CT scan. Although the patient’s 
liver enzyme, bilirubin, and albumin levels were normal, 
his prolonged prothrombin time international normalized 
ratio (PT INR) was 1.46. His preoperative platelet count was 
37,000/µL, and 2 pints of platelet concentrates were trans-
fused to achieve a platelet count of 62,000/µL just before 
surgery. As no evidence of intrahepatic fibrosis was found 
and the LPV seemed patent based on the imaging findings, 
the patient was considered suitable for the MRS.

Under general anesthesia, an upper midline incision 
was made. After opening the lesser sac, the coronary vein 
was exposed, and so was the LPV at the Rex recess. The 
LPV branches were elastic without fibrosis. The coronary 
vein was chosen as the venous inflow instead of the SMV 
because of its easier access. Coronary vein transposition 
was also considered, but it was not possible because of the 
multiple branching of the coronary vein into small diam-
eters. The left GSV was harvested for use as an autologous 
conduit because the diameters of the GSV and coronary 
vein were similar. A distal end-to-end anastomosis was per-
formed to connect the GSV graft to the LPV; and a proxi-
mal end-to-side anastomosis, to connect the coronary vein 
from the portal side to the GSV graft (Fig. 5). The coronary 
vein from the stomach side was ligated. Intraoperative DUS 
was used to check the PV flow. Whereas no LPV flow was 
detected before the anastomosis, good flow was observed 
after the anastomosis (Fig. 6). The liver biopsy at the time 

Fig. 3. Intraoperative portal venogram showing a patent 
right portal vein (white arrow). However, only the main left 
portal vein is opacified without showing its branches (black 
arrow).

A B

Fig. 4. Preoperative computed 
tomography scan showing a 
cavernous formation around 
the porta hepatis (A) and portal 
vein thrombosis (B).
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of surgery revealed no portal fibrosis and minimal portal 
inflammation.

After the surgery, 1 mg/kg enoxaparin was administered 
every 12 hours via subcutaneous injection until postopera-
tive day 5 and was switched subsequently to aspirin 100 
mg once daily. The routine follow-up CT on the fifth post-
operative day revealed a patent MRS with visible flow in 
both the LPV and RPV. The patient’s postoperative course 
was uneventful, and he was discharged 7 days after the 
surgery. His coagulation profile after 2 weeks had improved 
with a PT INR of 1.21. The rest of his liver function test 
results were normal, and his platelet count had increased to 
68,000/µL. The CT scan 3 months after surgery revealed a 
patent MRS, and the laboratory examination results, includ-
ing liver function and platelet count, were all within the 
normal limits. Currently, the patient is doing well without 

any symptoms.
The characteristics of both patients are summarized in 

Table 1.

DISCUSSION

The etiology of EHPVO is diverse, but most cases are 
idiopathic. Risk factors include perinatal events such as 
umbilical catheterization, omphalitis, and perinatal sepsis, 
and the presence of thrombophilia resulting from pro-
thrombin mutation or deficiency of protein C, protein S, 
or antithrombin III [1]. Clinically, EHPVO results in vari-
ous complications such as variceal bleeding, hypersplen-
ism, ascites, neurocognitive defects, poor somatic growth, 
portal biliopathy, and advanced liver disease [7]. EHPVO is 
diagnosed on the basis of clinical signs and symptoms of 

A B

C D
Fig. 5. Intraoperative findings 
showing the procedure of the 
modified coronary vein-left por-
tal vein (LPV) shunt. (A) Coronary 
vein isolation. (B) LPV isolation. 
(C) Distal end-to-end anastomo-
sis of the great saphenous vein 
(GSV) graft to the LPV. (D) Proxi-
mal end-to-end anastomosis of 
the coronary vein to the GSV 
graft.

A B

Fig. 6. Intraoperative Doppler 
ultrasonography image showing 
no left portal vein flow during 
clamping (A) but showing ac-
tive flow after the anastomosis 
(B).
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portal hypertension, and imaging findings of PV cavernous 
transformation and no evidence of significant parenchymal 
dysfunction [8]. In most cases, gastrointestinal hemorrhage 
is the first clinical manifestation, which is often life-threat-
ening and needs appropriate treatment [9,10]. Nonsurgical 
treatments of EHPVO include prophylaxis with nonselective 
beta-blockers and endoscopic variceal obliteration or liga-
tion for esophageal and gastric varices. However, recurrent 
bleeding episodes or uncontrolled varices despite medical 
and endoscopic treatments should be considered for surgi-
cal treatment [9].

Surgical procedures for EHPVO include non-shunt and 
shunt surgeries. Non-shunt surgeries include surgical liga-
tion of varices, esophageal transaction and re-anastomosis, 
splenectomy, and splenic embolization. Shunt surgeries 
can be categorized as “nonphysiological,” diverting blood 

flow away from the liver, and “physiological,” restoring 
blood flow back to the liver. Portosystemic shunts (PSSs) 
are nonphysiological routes created to divert the portal and 
mesenteric blood flow into the systemic circulation, thereby 
resulting in reduced pressure and decompression of the 
portal venous system [9]. Distal spleno-renal shunts, the 
preferred procedure for children with portal hypertension 
in our center, are selective PSSs proven to be effective and 
reliable [10]. However, PSSs have the potential disadvantage 
of reduced portal liver perfusion, which may deteriorate 
liver function and increase the risk of hepatic encephalopa-
thy.

The MRS, the most physiological shunt for EHPVO, was 
first described in 1992 by de Ville de Goyet et al. [11] and 
was originally designed to treat post-liver transplantation 
patients with PVT but have been successfully applied to 

Table 1. Characteristics of the patients in both cases

Clinical characteristic Case 1 Case 2

Patient characteristics (at surgery)

Age (y) 9 11

Sex Female Male

Weight (kg) 40 39.9

Height (cm) 140 165.9

BMI (kg/m2   ) 20.4 13.4

Weight percentile by age 90th percentile 50th percentile

BMI percentile by age 85th percentile <3rd percentile

Symptoms and signs

Abdominal pain Yes No

Gastrointestinal bleeding Yes Yes

Varices Yes Yes

Splenomegaly Yes Yes

   Spleen size (cm) 13.4 16.6

Thrombocytopenia No Yes

   Platelet count (/μL) 131,000 62,000

Cause of PVT Choledochal cyst surgery Idiopathic

Operation

Inflow SMV Coronary vein

Conduit IJV GSV

Outflow LPV, mild sclerotic LPV

Intraoperative liver biopsy No Yes, no cirrhosis on biopsy

Intraoperative DUS No, only handheld Doppler Yes

Intraoperative portography Yes, after thrombectomy No

Postoperative results

Graft patency Thrombosed graft Good patency

Clinical outcome No variceal bleeding No variceal bleeding

Worsening liver cirrhosis Improved hypersplenism

BMI, body mass index; PVT, portal vein thrombosis; SMV, superior mesenteric vein; IJV, internal jugular vein; GSV, great saphenous vein; 
LPV, left portal vein; DUS, duplex ultrasonography.
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nontransplant cases as well [5,11,12]. The operation consists 
of bypassing the area of EHPVO by creating a conduit be-
tween the mesenteric venous system and the LPV within 
the Rex recess, a part of the left portal system that runs 
sagittally within the umbilical scissure between Couinaud 
segments II, III, and IV. This shunt reduces portal pressure 
and restores the physiological portal flow toward the liver 
(hepatopetal) and, ultimately, can alleviate the side effects 
of either portal hypertension or portosystemic connections 
[2]. Studies have shown that it has additional metabolic 
benefits over PSSs by restoring normal portal venous circu-
lation to the liver. It can reverse coagulopathy, hyperammo-
nemia, hepatopulmonary syndrome, and encephalopathy, 
and improve neurocognitive ability, nutrition, and somatic 
growth [13-17].

The MRS is commonly considered to be most effective 
when all of the following three prerequisites are met: 1) no 
intrinsic liver disease, 2) a patent intrahepatic portal tree, 
and 3) an appropriate vein in the mesenteric circulation to 
function as a suitable venous inflow [2]. Careful preopera-
tive assessment is important to evaluate the feasibility of 
the bypass, and this can be performed with imaging stud-
ies such as DUS, CT, and magnetic resonance imaging. 
The goal of imaging studies is to determine the extent of 
thrombosis in the PV and intrahepatic portal branches, and 
to assess the patency of the mesenteric veins and intra-
hepatic portal branches, especially around the Rex recess. 
Further assessments include evaluation of possible conduits 
for the MRS, together with a thorough hepatobiliary assess-
ment [18]. In our first case, the shunt immediately failed 
despite of the good IJV conduit and good SMV inflow. Ow-
ing to the long course of the conduit via the retrocolic, ret-
rogastric, and anterior routes to the previous HJ site, graft 
kinking or twisting was suspected at first, but surgical ex-
ploration proved that this was not the cause. The preopera-
tive USG revealed a coarse liver parenchymal echogenicity, 
which may have been a sign of an existing liver disease. If 
an underlying liver disease or cirrhosis indeed existed and 
was undetected at the time, the blood inflow may have 
been poor to have ultimately caused the graft thrombosis. 
Routine examination of the intraoperative portal blood in-
flow may be a good decision-making factor because other 
options such as distal spleno-renal shunt can be good alter-
natives to MRS if the portal blood inflow is unsatisfactory.

The most common conduit for the MRS is the IJV, a 
long and large autologous vein that matches the length and 
diameter of the PV to create a rapid adequate flow and ef-
fectively decompress the portal system [2]. However, the 
operative trauma and large scar on the neck from harvest-
ing the IJV has been a concern. Hence, alternative conduits 
such as the GSV, prosthetic grafts, and adjacent veins, 

including the splenic, coronary, and umbilical veins, have 
been used [3,4]. Previous studies showed that the IJV con-
duit had a patency of 84% to 96%, while those of the GSV 
and adjacent veins were approximately 71% and 67% to 
80%, respectively [3,6,16,19]. However, modified Rex shunts 
also showed good patency, and the best conduit is still con-
troversial [20].

After the failure of the first classic MRS, the patient in 
the second case was treated with a modified version, using 
the GSV graft to create a bypass between the coronary vein 
and the LPV, which resulted in great success. The critical 
factor in deciding the success and failure of MRS is still 
unknown. More factors may influence graft patency be-
sides conduit type and venous inflow selection. Despite the 
reported success of the MRS throughout the years, still no 
consensus has been reached on the feasibility, indications, 
timing, and optimal technique. The MRS seems to be the 
generally accepted treatment for EHPVO in patients with 
intractable complications, but the indications are shifting 
toward early evaluation of the feasibility of a bypass and 
early surgical treatment in a more preemptive and prophy-
lactic manner [2]. Further research on appropriate indica-
tions, adequate type of surgical shunt, and careful preop-
erative assessment to evaluate the feasibility of a bypass is 
needed to avoid unnecessary treatment and bypass failure.
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