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Interventions for Portal
Hypertension: Splenic Artery

Embolization
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Splenic arterial interventions are alternative to sur-
gery for the management of conditions like portal
hypertension, hypersplenism, splenic arterial
aneurysm, splenic trauma, and splenic neoplasm.
Partial splenic embolization (PSE) is accepted for
the treatment of leukocytopenia and thrombocyto-
penia produced by hypersplenism and is consid-
ered a decent option to splenectomy [1]. Presently
PSE is used in some selected patient to treat major
sequelae of portal hypertension, where other form
of therapy is not useful or feasible; this includes
variceal hemorrhage, hypersplenism, hepatogenic
ascites, and hepatic encephalopathy. Interventional
radiologist should be familiar with the indication,
contraindication, and different types of splenic
artery embolization techniques used. Splenic
embolization is also used in combination with
supplementary treatments for the moderation of
portal hypertension and accompanying sequelae
of portal hypertension.

Indications

e Variceal hemorrhage (prevention and treatment)
e Hypersplenism

* Hepatogenic ascites

* Hepatic encephalopathy
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Contraindications

e Infection (Local/systemic)

16.1 Variceal Hemorrhage

Portal hypertension in cirrhotic patients leads to
the formation of varices. This along with a low
platelet count increases the risk for catastrophic
hemorrhage. Thrombocytopenia in these patients
results due to stasis of platelet in the enlarged
spleen [2]. Endoscopic obliteration of gastro-
esophageal varices and the creation of a transjug-
ular intrahepatic portosystemic shunt (TIPS) are
the two most widely used method to manage
variceal hemorrhage. Further, liver transplanta-
tion remains the ultimate treatment for advanced
liver disease with portal hypertension. However,
some patients are neither suitable for TIPS nor fit
for liver transplantation.

Splenic embolization was initially used to
reduce the occurrence of variceal bleeding in
patients with portal hypertension. First this was
performed in 1973 using an autologous blood
clot to treat recurrent gastrointestinal hemor-
rhage from esophageal varices [1]. Embolization
may be some times combined with other thera-
peutic interventions, such as endoscopic liga-
tion [3, 4] or balloon-occluded retrograde
transvenous obliteration (BRTO) [5]. PSE
along with endoscopic variceal ligation is
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mainly useful in subset of ill patient, where
thrombocytopenia is main cause of bleeding
from varices. PSE causes improvement in plate-
let count, this prevents esophageal variceal
hemorrhage and may help in recovery of
patients’ clinical status [6]. Pélsson et al. found
significant increase in hemoglobin, leukocyte,
and thrombocyte cell count with improvement
in mean survival (50.5 months) in 26 patients
treated with partial splenic embolization for
esophageal varices or thrombocytopenia [6].
Similarly, in a study by Ohmoto et al. esopha-
geal varices bleeding rate decreased from 4.3%
in the pretreatment group to 1.1% after PSE in
84 cirrhotic patients with large esophageal vari-
ces and thrombocytopenia. In this study, 42
patients received endoscopic variceal ligation
(EVL) and 42 received combination of EVL
and PSE. They also showed improved overall
survival from 31% to 50% [7]. Review of five
studies by Koconis et al., which included 50
patients of PSAE, showed decrease in the
yearly occurrence of variceal hemorrhage by
80% [8].

16.2 Liver Function

PSE has been used as a tool to improve liver
functions in cirrhotic patients [9]. Improvements
in 12 month cholinesterase, cholesterol, total pro-
tein, prothrombin time, and albumin level have
been validated in few studies [ 10, 11]. PSE leads
to decrease in portal pressure and thus reduces
injury to the liver parenchyma.

16.3 Blood Parameters

Splenic embolization is also used to increase
white blood cells and platelets in cirrhotic
patients and specially indicated in symptomatic
patient like patient having repeated skin rashes
or frequent skin infections. Decreased splenic
sequestration and increase in thrombopoietin
levels lead to increase in platelet concentration
[6, 12].

16.4 Hepatogenic Refractory
Ascites/Hepatic
Encephalopathy

Post-PSE decrease in effective splenic volume
significantly reduces the venous drainage and
thus, a decline in portal venous flow and hence
the pressure. The reduction in portal pressure
suggests a potential role for PSE in the spectrum
of therapies used to treat advanced portal hyper-
tension, especially in patients with borderline
liver dysfunction and encephalopathy. PSE may
be useful in patient with refractory ascites, where
TIPS is not desirable because of some comorbid
condition or advanced liver dysfunctions.

16.5 Technique

16.5.1 Type of Intervention—Partial
Splenic Embolization

Partial splenic embolization—Two methods are
usually used for PSE: Selective PSE and
Nonselective PSE. In selective partial emboliza-
tion, as name suggests, a few intraparenchymal
splenic artery branches are super selectively cath-
eterized, and embolized to achieve complete sta-
sis of blood flow in 50% of splenic parenchyma
(Fig. 16.1); while other branches of remaining
splenic parenchyma show persistent blood flow.
Initial baseline angiograms are useful to calculate
the volume of the splenic tissue to be embolized.
In nonselective partial embolization, the catheter
tip is placed in the main splenic artery but beyond
the origin of major pancreatic branches and
embolic particles is injected until the parenchy-
mal blush is reduced by around 50%.

Fever, local or systemic infections are contra-
indications for the procedure, as they are associ-
ated with increased risk of abscess formation in
the infarcted tissue or aggravation of systemic
infection.

Common femoral artery access is gained by
Seldinger technique and 5F sheath is placed. A
C2 or SIM1 catheter is usually used to cannulate
the celiac axis. Main splenic artery is cannu-
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Fig. 16.1 Selective partial splenic embolization—CT
abdomen arterial phase coronal image (a), showing cir-
rhotic liver with gross splenomegaly and moderate asci-
tes. Initial baseline splenic angiographic images (b)
delineated the anatomy of splenic artery and parenchymal
blush. Super selective angiogram image (¢) using micro-
catheter and final check splenic angiographic images

lated and angiogram is performed to evaluate
the splenic arterial branches as well as the origin
of pancreatic branches. A micro catheter is used
for super selective cannulation of splenic artery
branches for embolization (Fig. 16.1).
Embolization of the peripheral branches or mid-
dle and lower pole branches of spleen (Fig. 16.1)
reduce complications such as pneumonia, left
upper quadrant abdominal pain, and pleural
reaction/effusion. It is also beneficial while
evaluating the embolized volume after the pro-
cedure [13].

Gelatin sponge pledgets/slurry, polyvinyl
alcohol particles, and coils are the embolic agents
of choice for PSE [ 14]. PVA particles (300 to
700-pm size) suspended in contrast medium
mixed with antibiotic is most commonly used.
Similarly, glue (N-butyl cyanoacrylate, NBCA)

obtained after embolization (d) showing complete occlu-
sion of the lower-mid segmental splenic arterial branches
(~50%). Axial CT scan image (el) and USG image (e2)
shows an infarcted area in the splenic parenchyma.
Follow-up coronal CT scan image (f) obtained 1 year later
shows atrophic mid-lower pole of the spleen and complete
resolution of ascites

with lipiodol in concentration ranging from 1:5
to 1:7 may be used to embolize the required arter-
ies. However, special care should be taken while
using glue as an embolizing agent (optimal glue
concentration, avoiding ionic solutions, and
flushing of the catheter with dextrose solution) to
prevent nontarget embolization and polymeriza-
tion of glue over the catheter tip.

The volume of splenic infarction is the deter-
minant for therapeutic effect versus the compli-
cation of PSE when used to treat complications
of portal hypertension. Ideally, 30% to 60% of
splenic volume embolization is adequate how-
ever, the volume to be embolize depends upon
the clinical condition of the patient. However,
opinion regarding the ideal volume to be emboli-
zed is still controversial (Fig. 16.1). Small vol-
ume reduction does not improve platelet count
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whereas, large volume necrosis carries high risks
of complications and/or abscess formation [8].
Various studies recommend that the first emboli-
zation volume should be less than 70% of the
total spleen mass, to decrease the probabilities of
complications [8, 15, 16].

One study by Harned et al. [17] found that
embolization leading to infraction of 30%—-40%
of the splenic parenchyma significantly lowers
the morbidity, although there is a lesser degree of
improvement in thrombocytopenia. Conservative
cautious approach is advisable at initial emboli-
zation, especially in advance liver disease, and a
second session of embolization, if required, may
be performed subsequently.

16.6 Post-Procedure Care

Antibiotic should be started prior to the proce-
dure and continued in perioperative period to
prevent development of infection in the infracted
splenic parenchyma. Routine hospital stay con-
sists of 24 to 48 h; however the patients should
be followed for a week after the procedure.
Some of the patients may require continuous
anti-inflammatory medications according to the
symptoms.

16.7 Complications

Most of the patients will have minor side effect in
the form of fever, nausea, and pain as part of post-
embolization syndrome. Post-embolization syn-
drome is common and may be as high as 30% but
generally resolve without sequelae [18]. These
symptoms can be treated symptomatically with
narcotics and antiemetics. Some patient may have
anorexia, vomiting, pleural effusion, ascites, and
ileus. Koconis et al. reported that 73% had devel-
oped a serious complication in form of abscess,
pleural effusion, ascites, pneumonia, pulmonary
embolus, portal vein thrombosis, liver failure, and
death when the embolization volume was 70% or
more [8]. Symptomatic splenic abscess may
require percutaneous drainage. Large splenic
infarct area and advanced liver disease (Child-

Pugh class C) are risk factors for development of
complications after PSE [19].

There have been few, but encouraging reports
using radiofrequency ablation and microwave
ablation for the treatment of hypersplenism/sple-
nomegaly [20, 21]. In future these techniques
may be used for splenic parenchyma reduction
for the treatment of portal hypertension.

16.8 Conclusion

Partial splenic embolization alone or in combina-
tion with other treatments is a promising and
effective alternative option in the management of
portal hypertension in relatively advanced liver
disease. PSE may help in decreasing the forma-
tion of ascites and esophageal variceal bleeding,
and increasing hematologic indices and liver
function. Patient selection, intervention tech-
nique, and post-procedure care are the key to
success.
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