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a b s t r a c t 

Management of splenomegaly is important in the treatment of portal hypertension. We re- 

port 2 cases who were treated by an emergency hybrid procedure combining endoscopic 

treatment and partial splenic embolization (PSE) based on a new concept "splanchnic caput 

Medusae". Case 1 with refractory esophageal variceal bleeding due to alcoholic liver cirrho- 

sis was treated by endoscopic injection sclerotherapy (EIS) with ligation and PSE at the same 

time. Case 2 with gastric variceal bleeding due to polycystic liver disease was treated by EIS 

using n-butyl-2-cyanoacrylate and PSE at the same time. Six days after the hybrid proce- 

dure, transjugular retrograde obliteration was added. In both cases, post-treatment 3D-CT 

reconstruction images revealed that the spleen-portal system reversed to almost normal 

form. We conclude that an emergency hybrid procedure combining endoscopic treatment 

and PSE is effective for patients with bleeding esophagogastric varices. 

© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY license 

( http://creativecommons.org/licenses/by/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Management of splenomegaly is important in the treatment
of portal hypertension. We proposed a new concept: “splanch-
nic caput Medusae” in which the enlarged spleen is her face
and portal collateral pathways are her snake hairs [1] . In
the new concept, partial splenic embolization (PSE) is consid-
ered as the treatment of Medusae’s face. We have reported
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that PSE not only increases platelet count but also reduces
the splenic venous blood flow volume, portal venous pres-
sure, and spleen/liver volume ratio [2 ,3] . Endoscopic injection
sclerotherapy (EIS) and endoscopic variceal ligation (EVL) are
considered as the treatment of Medusae’s hair. Endoscopic
treatment and PSE have been performed on different days so
far [1 ,4 ,5] . Because portal venous pressure is associated with
bleeding [6] , it is important to reduce portal venous pressure
to prevent rebleeding. Here, we report an emergency hybrid
niversity of Washington. This is an open access article under the 
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Fig. 1 – (a). Endoscopy in case 1 shows large and tortuous esophageal varices. (b). Endoscopy shows discolored varices by 

sclerosant injection during EISL. (c). Endoscopy 6 months after the hybrid procedure shows no esophageal varices. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

procedure that combines endoscopic treatment with PSE for
bleeding esophagogastric varices in the digital subtraction an-
giography (DSA) room at the same time. 

Case 1: Bleeding refractory esophageal varices with
splenomegaly 

A 49-year-old male was referred to the department of
surgery at our hospital for refractory esophageal varices and
splenomegaly associated with alcoholic cirrhosis. He had a
history of hematemesis three times in the past year and was
treated endoscopically each time, however, the morphology of
esophageal varices was unchanged. 

On admission, he did not have jaundice and his conscious-
ness level was lucid. Laboratory studies revealed hemoglobin
14.7 g/dL (normal range, 13.5-17.4); total leukocyte count 3520
/ μL (3500 - 8000 / μL); platelet count 7.9 × 10 4 / μL (12.3 -
33.1 × 10 4 / μL); total bilirubin 1.4 mg/dL (0.3 - 1.3 mg/dL); al-
bumin 4.0 g/dL (3.8 - 5.0 g/dL); aspartate transaminase (AST)
27 U/L (10 - 32 U/L); alanine transaminase (ALT) 28U/L (5 - 27
U/L); prothrombin time (PT) 84.0% (70 -130 %); Mac-2 binding
protein glycosylated isomers (M 2 BPGi) 2.06 COI (1 + ) ( < 1.00);
serum ammonia (NH 3 ) 175 μg/dL (12 - 66 μg/dL). Retention rate
of indocyanine green at 15 minutes (ICG 15 ) was 24 % ( < 10 %).
Child-Pugh score was 5 and the class was A. Hepatitis B sur-
face antigen and hepatitis C virus antibody were negative. 

Endoscopy confirmed large and tortuous esophageal
varices ( Fig 1 a). Abdominal ultrasonography and contrast-
enhanced CT showed splenomegaly. 3D-CT demonstrated
that the esophageal varices were supplied by the left gastric
vein via the cardiac venous plexus. The spleen volume was
611 ml, the liver volume was 1454 ml; giving a spleen/liver vol-
ume ratio [7] of 0.42 ( Fig 2 a). According to the “splanchnic ca-
put Medusae” concept [1] , the enlarged spleen was regarded
as her face and esophageal varices as her snake hairs. 

Stepwise PSE [1 ,2] was attempted to minimize the side ef-
fects of PSE. Hepatic venous cannulation was performed. Hep-
atic venous pressure gradient (HVPG) was 13mmHg (normal
range, 1-5mmHg). 1st PSE using gelatin sponge and microcoils
was performed. 3D-CT 3 days after 1st PSE revealed that the
viable spleen volume decreased to 302 ml and the corrected
spleen/liver volume ratio was 0.19. 
We recommended the 2nd PSE procedure one month later,
but the patient refused for social reasons. Two months later,
he was transported to the hospital with hematemesis, and
the bleeding from esophageal varices was managed temporar-
ily by EVL. In this case, as the bleeding from esophageal
varices was recurrent, an emergency hybrid procedure was
performed. Endoscopic injection sclerotherapy with ligation
of esophageal varices (EISL) [8] and PSE were performed con-
secutively under general anesthesia in the DSA room. Total
16 ml of 5% ethanolamine oleate with iopamidol (5%EOI) was
injected into the cardiac venous plexus and the root of the
left gastric vein in 10 minutes under fluoroscopy ( Figs 1 b, 2 b).
The variceal site of injection was ligated immediately after the
removal of the needle to stop the variceal blood flow. Subse-
quently, 2nd PSE was performed and the HVPG was reduced
to 8mmHg. 3D-CT one week after the hybrid procedure re-
vealed sufficiently obliterated esophageal varices, cardiac ve-
nous plexus, and left gastric vein. The viable spleen volume
decreased to 113 ml and the corrected spleen/liver volume ra-
tio was 0.06. One month after 2nd PSE, the platelet count in-
creased to 12.7 × 10 4 / μL, and he was discharged. 

Endoscopy 6 months after the hybrid procedure revealed
the distinct collapse of esophageal varices ( Fig. 1 c). One year
after the hybrid procedure, a 3D-CT reconstruction image re-
vealed that the spleen volume was 128 ml and the spleen/liver
volume ratio was 0.09. The spleen-portal system reversed to
almost normal form ( Fig. 2 c). The platelet count was 27.7 × 10 4

/ μL. Liver function tests revealed total bilirubin 1.2 mg / dL; al-
bumin 4.2 g / dL; NH 3 57 μg/dL; M 2 BPGi 1.07 COI (1 + ). 

Case 2: Bleeding gastric varices in patient with polycystic
liver disease 

A 68-year-old female was referred to the department of
surgery at our hospital for bleeding gastric varices with poly-
cystic liver disease (PLD). Autosomal dominant polycystic kid-
ney disease (ADPKD) was diagnosed at the age of 33, dialysis
was introduced at the age of 55, and transcatheter arterial em-
bolization (TAE) [9] was performed at another hospital for PLD
at the age of 65. 

On admission, she did not have jaundice and her con-
sciousness was lucid. Laboratory studies revealed hemoglobin
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Fig. 2 – (a). 3D-CT reconstruction image in case 1 shows left gastric vein (red arrow), cardiac venous plexus (yellow arrow), 
and esophageal varices (white arrow). (b). Endoscopic varicography during EISL shows esophageal varices (white arrow), 
cardiac venous plexus (yellow arrow), and left gastric vein (red arrow). Blood vessels visualized by EISL match those 
visualized by 3D-CT. (c). 3D-CT reconstruction image after the hybrid procedure shows a spleen-portal system that has 
reversed to almost normal form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6.4 g/dL (normal range, 13.5-17.4); total leukocyte count 5050
/ μL (3500 - 8000 / μL); platelet count 14.6 × 10 4 / μL (12.3 -
33.1 × 10 4 / μL); total bilirubin 0.2 mg/dL (0.3 - 1.3 mg/dL); albu-
min 2.6 g/dL (3.8 - 5.0 g/dL); AST 9 U/L (10 - 32 U/L); ALT 1U/L
(5 - 27 U/L); PT 74.9 % (70 -130 %); M 2 BPGi 0.63 COI (-) ( < 1.00);
NH 3 40 μg/dL (12 - 66 μg/dL); blood urea nitrogen (BUN) 128.4
mg/dl (8.0 - 20.0 mg/dL); creatinine (Cre) 7.35 mg/dl (0.36 - 1.06
mg/dL). Child-Pugh score was 7 and the class was B. Hepatitis
B surface antigen was negative, but hepatitis C virus antibody
was positive. 

Abdominal ultrasonography and contrast-enhanced CT
showed polycystic liver with calcification and coils used for
the previous TAE. 3D-CT demonstrated gastric varices which
were supplied by the left gastric vein and drained into the
left inferior phrenic vein and gastrorenal shunt. The spleen
volume was 372 ml, the liver parenchyma volume was 1873
ml and the total liver volume was 4226ml. Spleen / liver
parenchyma volume ratio was 0.20 ( Fig. 2 a). 

Endoscopy confirmed gastric varix that was temporarily
stopped bleeding by a fibrin plug ( Fig. 3 a), so an emergency
hybrid procedure in the DSA room was performed. EIS using
n-butyl-2-cyanoacrylate (NBCA) (Histoacryl) and PSE were per-
formed consecutively under general anesthesia. In EIS, 67%
NBCA with ethyl ester of iodinated poppy-seed oil fatty acid
(Lipiodol) 1ml in total was injected into gastric varix. Just af-
ter removal of the injection needle, one variceal ligation was
applied to prevent puncture hole bleeding. Subsequently, PSE
with an infarction rate of about 60% was performed ( Figs. 4 a,
b, c). 

3D-CT 6 days after the hybrid procedure revealed NBCA-
Lipiodol, but the obliteration of gastric varices was insufficient
( Fig. 6 a). The HVPG was 9 mmHg. In the presence of multiple
liver cysts, the reliability of thus obtained value was uncertain,
shunt obliteration was considered for the remedy. Transjugu-
lar retrograde obliteration (TJO) for gastric varices [10–12] was
attempted by using microcoils, 80 mL 50% glucose, and 5.0 mL
absolute ethanol ( Fig. 6 b). 

CT scan, nine days after TJO revealed that the gastric
varices, inferior phrenic vein, and gastrorenal shunt were suc-
cessfully obliterated ( Fig 5 b). The viable spleen volume was 143
ml and the corrected spleen/liver volume ratio was 0.08. The
spleen-portal system reversed to almost normal form ( Fig 6 c).

She was discharged on the 16th day and continued dialy-
sis as an outpatient. Endoscopy 3 months after TJO following
hybrid procedure revealed scarred gastric varices ( Fig 3 b). 

Discussion 

As reported, we successfully treated 2 cases of bleeding esoph-
agogastric varices by an emergency hybrid procedure combin-
ing endoscopic treatment with PSE at the same time. Case 1
was bleeding refractory esophageal varices with alcoholic cir-
rhosis and case 2 was bleeding gastric varices with polycystic
liver disease. 

Hybrid procedures are currently being tried in various
fields [13] . In the field of portal hypertension, combined treat-
ment using EIS, EVL, and interventional radiology (IVR) is
popular, but each procedure is performed on a different day.
This time, in emergency cases of portal hypertension; we per-
formed a hybrid procedure, endoscopic treatment and PSE
were performed at the same time. 

Currently, endoscopic treatment such as EVL or EIS is the
first choice for esophagogastric variceal bleeding. Portal ve-
nous pressure is directly correlated with variceal bleeding [6] .
To prevent rebleeding, it is important to achieve a reduction in
portal venous pressure. PSE not only increases platelet count
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Fig. 3 – (a). Endoscopy in case 2 shows gastric varix with fibrin-plug. (b). Endoscopy 3 months after TJO following hybrid 

procedure shows scarred gastric varices. 

Fig. 4 – (a). Arterial phase of celiac arteriography in case 2 shows mild splenomegaly. (b). Venous phase of celiac 
arteriography shows residual gastric varices (black arrow), gastrorenal shunt (arrowhead), and inferior phrenic vein (white 
arrow). (c). Arterial phase of celiac arteriography after PSE shows 60% embolized spleen. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

but also reduces the portal venous pressure, splenic venous
blood flow volume and spleen/liver volume ratio [1–3] . Tradi-
tionally, PSE and endoscopic treatment have been performed
on different days. The advantage of an emergency hybrid pro-
cedure is that hemostasis and portal venous pressure reduc-
tion can be expected at the same time. In addition, by perform-
ing under general anesthesia, the respiratory movement of the
endoscopic puncture target can be controlled, and the injec-
tion accuracy can be improved. Even if endoscopic hemostasis
fails, it is possible to immediately shift to IVR hemostasis such
as percutaneous transhepatic obliteration [14] , trans-ileocolic
vein obliteration [15] , and transjugular intrahepatic portosys-
temic shunt (TIPS) [16] . If temporary hemostasis is successful
as in case 2, time can be secured before permanent hemosta-
sis treatment. Hemodynamics and liver function can be eval-
uated, and the possibility of shunt obliteration can be exam-
ined. 

At present, we consider that the indications for hybrid pro-
cedures are refractory and/or special types of bleeding esoph-
agogastric varices. The first case was refractory esophageal
variceal bleeding with alcoholic cirrhosis who did not follow
our treatment schedule. The second was a dialysis patient
with rare gastric variceal bleeding with PLD. Causes of portal
hypertension in PLD are inferior vena cava syndrome, hepatic
venous outflow obstruction, and/or portal vein obstruction be-
cause of cystic mass effect [17–19] . For gastric variceal bleed-
ing, it is necessary to comprehensively determine the treat-
ment plan from portal venous pressure, liver function, con-
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Fig. 5 – (a). Contrast-enhanced CT after the emergency hybrid procedure in case 2 shows NBCA-Lipiodol (arrow), residual 
gastric varices (arrowhead), and partially infarcted spleen. (b). Contrast-enhanced CT after TJO shows obliterated residual 
gastric varices. 

Fig. 6 – (a). 3D-CT reconstruction image after the emergency hybrid procedure in case 2 shows NBCA-Lipiodol (arrow), 
residual gastric varices (arrowhead), gstrorenal shunt, and inferior phrenic vein. (b). Retrograde phrenic venography during 
TJO shows residual gastric varices (arrow), short gastric vein (arrowhead), and peripheral splenic vein (white arrow). (c). 
3D-CT reconstruction image after TJO shows NBCA-Lipiodol (arrow), embolized coils in the phrenic vein (arrowhead), no 

gastric varices, no gastrorenal shunt, and no phrenic vein. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

varices. 
sciousness level, ascites, and general condition after tempo-
rary hemostasis. Because there was a concern about rebleed-
ing during dialysis, it was necessary to lower the portal venous
pressure and reduce the rebleeding rate as much as possible.
In this case, HVPG was measured immediately before TJO, and
it was 9 mmHg. The value was not so high and might be due
to PSE. 

There are pros and cons to transjugular intrahepatic por-
tosystemic shunt (TIPS) as a treatment of portal hypertension
due to PLD. Regarding TIPS in the presence of cysts, there are
reports of contraindications due to the risk of bleeding, but
there are also reports of a small number of successful cases
[20–22] . Compared to TIPS, PSE can be expected to reduce por-
tal venous pressure more safely and easily, and the S / L ratio
can be improved at the same time. 

We did not have a hybrid operating room, so we used the
DSA room. Zhao Y, et al [23] . also reported a hybrid procedure
combining PSE and balloon occluded endoscopic Histoacryl
injection for esophagogastric varices in the DSA room. The
current problem for the hybrid procedure is to manage the use
of the DSA room. It is also important to collaborate with the
endoscopy team, the radiology team, and the anesthesiology
team. We conclude that an emergency hybrid procedure com-
bining endoscopic treatment and PSE is feasible and effective
for patients with a special type of bleeding esophagogastric
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