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The Role of the Spleen in Portal Hypertension
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As liver disease progresses, intrahepatic vascular resistance increases (backward flow theory of portal
hypertension) and collateral veins develop. Adequate portal hypertension is required to maintain portal
flow into the liver through an increase in blood flow into the portal venous system (forward flow the-
ory of portal hypertension). The splenic artery resistance index is significantly and selectively elevated
in cirrhotic patients. In portal hypertension, a local hyperdynamic state occurs around the spleen.
Splenomegaly is associated with a poor prognosis in cirrhosis and is caused by spleen congestion and
by enlargement and hyperactivation of splenic lymphoid tissue. Hypersplenism can lead to thrombocy-
topenia caused by increased sequestering and breakdown of platelets in the spleen. The close relation-
ship between the spleen and liver is reflected in the concept of the hepatosplenic axis. The spleen is a
regulatory organ that maintains portal flow into the liver and is the key organ in the forward flow the-
ory of portal hypertension. This review summarizes the literature on the role of the spleen in portal hy-
pertension. (J] Nippon Med Sch 2023; 90: 20-25)
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Introduction

The spleen is the largest lymphatic organ in the body.
The fundamental phagocytic function of splenic macro-
phages is removing bacteria from the blood. The spleen
is functionally and morphologically divided into red
pulp and white pulp, which are divided by a perifollicu-
lar zone'. Red pulp filters blood and removes opsonized,
damaged, and dying cells from circulation. White pulp is
divided into T- and B-zones, similar to lymph nodes of
the immune system. The perifollicular zone monitors the
circulation for antigens and pathogens. A normal spleen
is about 11 cm in craniocaudal length and weighs 100 to
150 grams. Normal portal pressure and blood flow are 5
to 7mm Hg (7-10 cm H,O) and about 1,000 to 1,200 mL/
min, respectively. The spleen receives 5% of the total car-
diac output-a blood flow of about 200-300 mL/min.

As liver disease progresses, intrahepatic vascular resis-
tance increases (backward flow theory of portal hyper-
tension) and collateral veins develop. Adequate portal

hypertension is required to maintain portal flow into the

liver through an increase in blood flow into the portal
venous system (forward flow theory of portal hyperten-
sion)”®. Splenomegaly may develop and some patients
with portal hypertension develop hypersplenism.

This review summarizes previous studies of the role of

the spleen in portal hypertension.

Portal Hypertension

Portal hypertension is associated with a variety of symp-
toms, including esophagogastric varices’. According to
General Rules for Recording Endoscopic Findings of
Esophagogastric Varices", established in Japan, red color
signs are a risk factor for bleeding from esophagogastric
varices", and massive esophagogastric variceal hemor-
rhage is a catastrophic complication of portal hyperten-
sion. Although esophagogastric varices reduce portal
pressure as drainage veins for the portal venous system,
appropriate treatment based on portal hemodynamics is
required.

In chronic liver disease, increased intrahepatic vascular
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resistance causes portal hypertension”. Hepatic sinusoids
are small blood vessels responsible for liver microcircula-
tion, and multiple pathological events occur in sinusoidal
circulation in chronic liver disease. Blockage of hepatic
sinusoids, and the resulting increase in hepatic vascular
resistance to portal venous flow, is the initial cause of
portal hypertension (backward flow theory)”*. Therefore,
adequate portal hypertension is required to maintain por-
tal flow into the liver through an increase of the blood
flow into the portal venous system (forward flow the-
ory)”®. Portal hypertension is necessary to maintain por-

tal flow into the liver.

Hyperdynamic State

Portal flow velocity is significantly diminished in pa-
tients with cirrhosis®. However, it is unclear whether
portal flow volume is decreased in these patients. An in-
trahepatic portal venous shunt maintains portal flow,
even in cirrhotic patients, but effective portal flow vol-
ume is decreased. Because of anatomical features and
disease progression, the direction of portal venous blood
flow changes in the portal venous system. Bidirectional
or hepatofugal portal flow is occasionally detected in cir-
rhotic patients".

In cirrhosis, arteriolar vasodilatation is brought about
by the combination of increased concentrations of circu-
lating vasodilators and reduced sensitivity to vasocon-
strictors. Impairment of the sympathetic nervous system
has also been implicated in hypocontractility of mesen-
teric arteries and development of hyperdynamic circula-
tory syndrome in portal hypertensive rats".

Despite increased portal vascular resistance, splanchnic
circulation, and splenic circulation in particular, is hy-

6-8,18-20

perdynamic , which is consistent with the forward
flow theory of portal hypertension. The splenic artery re-
sistance index is significantly and selectively elevated in
cirrhotic patients. Increased splenic blood flow increases
portal pressure and maintains portal flow into the liver’.

The percentage of splenic venous flow in portal venous
flow is approximately 20% to 40% in normal liver, 50% in
chronic hepatitis and cirrhosis, and 75% in idiopathic

*» Mesenteric flow is also elevated

portal hypertension
in cirrhosis* but not to the same extent as splenic flow™.
The spleen is a regulatory organ that maintains portal
flow into the liver. Portal hypertension causes a local hy-
perdynamic state, especially around the spleen. The
spleen is the key organ in the forward flow theory of

portal hypertension.
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Splenomegaly
Splenomegaly is present in 50% to 75% of cirrhotic pa-

tients™™

. Clinically, splenomegaly is associated with a
poor prognosis in cirrhosis and hepatocellular carci-
noma®”. Pancytopenia caused by splenomegaly is an un-
favorable immunological finding™ ™. Splenic stiffness may

increase as splenomegaly advances™”.

Splenic blood flow increases in splenomegaly”.
Spleen size is related to portal vein diameter”, splenic
blood flow”, and portal blood flow™*. Portal congestion
is widely considered to be the initial cause of
splenomegaly, but splenomegaly in cirrhosis cannot be
simply classified as congestive. If splenomegaly is caused
only by congestion due to portal hypertension, a relation-
ship between splenomegaly and portal pressure would
be expected. Although spleen size is weakly correlated
with portal vascular resistance, portal hypertension is not
the main causative factor of splenomegaly.

Histologically, chronic portal hypertension-induced
splenomegaly is characterized by expanded white pulp
and marginal-zone areas and is distinct from congestive
splenomegaly, which is characterized by more-prominent
red pulp and less distinct white pulp regions™. The in-
crease in reticular fibers evolves into diffuse fibrosis ex-
tending throughout the parenchyma”. Increases in the
white pulp arterial bed and periarterial lymphatic
sheaths lead to an increase in white pulp volume®. In cir-
rhotic patients, spleen size may also vary in relation to
the cause of the disease. Splenomegaly was reported
more frequently in patients with post-hepatitic cirrhosis
than in patients with alcoholic cirrhosis™*.

Splenomegaly in portal hypertensive rats arises from
an interplay of several factors, including spleen conges-
tion and enlargement and hyperactivation of splenic lym-
phoid tissue, as well as increased angiogenesis and fibro-
genesis. More importantly, mTOR inhibition by rapamy-
cin markedly improved splenomegaly, causing a 44% de-
crease in spleen size™. Rapamycin reduces portal pressure
and mitigates hyperdynamic splanchnic circulation™*. In
contrast, after transplantation, a dramatic decrease in
outflow resistance of the splenic vein is followed by a
slight decrease in spleen size. Splenic hyperplasia might
be irreversible, because complete resolution of
splenomegaly has never been reported**.

Splenomegaly is caused by spleen congestion, and by
enlargement and hyperactivation of splenic lymphoid tis-
sue, as well as by increased angiogenesis and fibrogene-

sis.
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Hypersplenism
Hypersplenism adversely affects the hematologic profile,
as it leads to anemia, thrombocytopenia, and leuko-
penia”. The incidence of hypersplenism was reported to
range from 11% to 55% in patients with cirrhosis and
portal hypertension®. A large amount of blood reaches
the splenic red pulp, a filter that removes particulate
matter and aged and damaged red blood cells. They are
continually being removed from circulation and are
stored or destroyed by lymphocytes in the spleen. The
percentage of splenic blood flow entering open circula-
tion may increase in pathologic conditions, with longer
transit time of blood cells in the spleen and slowing of
splenic circulation””. The spleen is important in main-
taining normal physiological levels of platelets. It acts as
a platelet reservoir and contains about one-third of the
body’s platelets at any one time. Hypersplenism can lead
to thrombocytopenia, due to increased sequestering and

breakdown of platelets in the spleen"”.

Relationship with the Liver

The close relationship between the spleen and liver is re-
flected in the concept of the hepatosplenic axis®'. The
spleen and liver are anatomically connected via portal
circulation and have shared responsibilities. The apparent
participation of the spleen in regulating hepatic repair
can be further redefined as the role of immunity in re-
generation”. In liver exposed to continuous damage,
splenic venous blood promotes liver fibrosis in the right
lobe and eventually flows more into the left lobe in
milder fibrosis™.

In the context of cirrhosis and hypersplenism, splenic
TGF-B1 production is critical in the development of he-
patic fibrogenesis, and splenic red pulp macrophages are
a major source of TGF-B1%. Increased TGF-1 expression
in resected spleens from patients with cirrhosis was sig-
nificantly correlated with cirrhosis progression™. Splenec-
tomy significantly decreases serum TGF-B1 levels while
improving variables associated with liver fibrosis and re-
generation”.

Partial hepatectomy promotes increased expression of
IL-10 in the liver and spleen; thus, splenectomy blocks
inflow of IL-10 via the portal vein”. The correlation was
similar in liver transplantation models. Benefits include a
decrease in portal hypertension and alleviation of endo-
thelial damage, apoptosis, and proinflammatory cytokine

synthesis™.
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Treatment
Various non-shunting procedures such as the Hassab op-
eration, esophageal transection, splenectomy, and termi-
nal esophago-proximal gastrectomy have been developed
to treat esophagogastric varices™ . All non-shunting pro-
cedures include splenectomy. Recently, laparoscopic sur-
gery was developed as a minimally invasive treat-

ment®™®

, and laparoscopic splenectomy is performed to
treat various disease”.

Even after splenectomy, the fine reticuloendothelial
system, such as in the liver, lymph nodes, and bone mar-
row, compensates for function; therefore, no significant
functional decline occurs, and activities of daily living
are maintained.

Despite the apparent simplicity of total resection of the
spleen, 2 to 10 years after the procedure, some patients
develop complications-collectively referred to as post-
splenectomy syndrome-which usually manifest as recur-
rent infections of varying severity®. Post-splenectomy in-
fection (OPSI) can progress quickly from flu-like illness
to fulminant sepsis and is associated with high mortal-
ity”. Some studies have reported an increased risk of tu-
morigenesis after splenectomy®®.

After splenectomy, functionally active fragments of
splenic lymphoid tissue may occasionally settle in the ab-
dominal cavity, a phenomenon known as splenosis™”. To
avoid delayed immunological complications, autotrans-
plantation of the spleen is performed after splenectomy”.

Partial splenic embolization has been used to treat hy-
persplenism, esophagogastric varices, portal hypertensive
gastropathy, pancreatic carcinoma, splenic aneurysm, and
portal-systemic encephalopathy®””™. Partial splenic em-
bolization can preserve part of the spleen.

In conclusion, splenic artery resistance index is signifi-
cantly and selectively elevated in cirrhotic patients. A lo-
cal hyperdynamic state occurs around the spleen in por-
tal hypertension. Splenomegaly is associated with a poor
prognosis in cirrhotic patients and is caused by spleen
congestion and enlargement and hyperactivation of
splenic lymphoid tissue, as well as by increased angio-
genesis and fibrogenesis. Hypersplenism can lead to
thrombocytopenia caused by increased platelet sequester-
ing and breakdown in the spleen. The close relationship
between the spleen and liver is reflected in the concept of
hepatosplenic axis. The spleen is a regulatory organ that
maintains portal flow into the liver and is the key organ

in the forward flow theory of portal hypertension.

Conflict of Interest: None.

J Nippon Med Sch 2023; 90 (1)



10.

11.

12.

13.

14.

15.

16.

17.

18.

Spleen in Portal Hypertension

References

. Lewis SM, Williams A, Eisenbarth SC. Structure and func-

tion of the immune system in the spleen. Sci Immunol.
2019;4(33):eaau6085.

McConnell M, Iwakiri Y. Biology of portal hypertension.
Hepatol Int. 2018;12(Suppl 1):11-23.

Iwakiri Y. The molecules: mechanisms of arterial vaso-
dilatation observed in the splanchnic and systemic circu-
lation in portal hypertension. ] Clin Gastroenterol. 2007;41
(Suppl 3):5288-94.

Iwakiri Y. Pathophysiology of portal hypertension. Clin
Liver Dis. 2014;18(2):281-91.

Iwakiri Y, Groszmann R]. The hyperdynamic circulation
of chronic liver diseases: from the patient to the molecule.
Hepatology. 2006;43(2 Suppl 1):5121-31.

Yoshida H, Shimizu T, Yoshioka M, Taniai N. Manage-
ment of portal hypertension based on portal hemody-
namics. Hepatol Res. 2021,51(3):251-62.

Groszmann R, Kotelanski B, Cohn JN, Khatri IM. Quanti-
tation of portasystemic shunting from the splenic and
mesenteric beds in alcoholic liver disease. Am ] Med.
1972,53(6):715-22.

Kotelanski B, Groszmann R, Cohn JN. Circulation times
in the splanchnic and hepatic beds in alcoholic liver dis-
ease. Gastroenterology. 1972;63(1):102-11.

de Franchis R, Faculty BV. Expanding consensus in portal
hypertension: Report of the Baveno VI Consensus Work-
shop: Stratifying risk and individualizing care for portal
hypertension. ] Hepatol. 2015;63(3):743-52.

Tajiri T, Yoshida H, Obara K, et al. General rules for re-
cording endoscopic findings of esophagogastric varices (2
nd edition). Dig Endosc. 2010;22(1):1-9.

Yoshida H, Mamada Y, Taniai N, et al. Interactions be-
tween anti-ulcer drugs and non-steroidal anti-
inflammatory drugs in cirrhotic patients with bleeding
esophagogastric varices. Hepatogastroenterology. 2009;56
(94-95):1366-70.

Bosch ], Groszmann R], Shah VH. Evolution in the under-
standing of the pathophysiological basis of portal hyper-
tension: How changes in paradigm are leading to success-
ful new treatments. ] Hepatol. 2015;62(1 Suppl):S121-30.
Piscaglia F, Donati G, Cecilioni L, et al. Influence of the
spleen on portal haemodynamics: a non-invasive study
with Doppler ultrasound in chronic liver disease and hae-
matological disorders. Scand ] Gastroenterol. 2002;37(10):
1220-7.

Kondo T, Maruyama H, Sekimoto T, Shimada T, Taka-
hashi M, Yokosuka O. Reversed portal flow: Clinical in-
fluence on the long-term outcomes in cirrhosis. World J
Gastroenterol. 2015;21(29):8894-902.

Heinemann A, Wachter CH, Fickert P, Trauner M, Stauber
RE. Vasopressin reverses mesenteric hyperemia and vaso-
constrictor hyporesponsiveness in anesthetized portal hy-
pertensive rats. Hepatology. 1998;28(3):646-54.

Song D, Liu H, Sharkey KA, Lee SS. Hyperdynamic circu-
lation in portal-hypertensive rats is dependent on central
c-fos gene expression. Hepatology. 2002;35(1):159-66.
Moleda L, Trebicka J, Dietrich P, et al. Amelioration of
portal hypertension and the hyperdynamic circulatory
syndrome in cirrhotic rats by neuropeptide Y via pro-
nounced splanchnic vasoaction. Gut. 2011;60(8):1122-32.
Merkel C, Gatta A, Arnaboldi L, Zuin R. Splenic haemo-
dynamics and portal hypertension in patients with liver
cirrhosis and spleen enlargement. Clin Physiol. 1985;5(6):

J Nippon Med Sch 2023; 90 (1)

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

531-9.

Gitlin N, Grahame GR, Kreel L, Williams HS, Sherlock S.
Splenic blood flow and resistance in patients with cirrho-
sis before and after portacaval anastomoses. Gastroen-
terology. 1970;59(2):208-13.

Williams R, Condon RE, Williams HS, Blendis LM, Kreel
L. Splenic blood flow in cirrhosis and portal hyperten-
sion. Clin Sci. 1968;34(3):441-52.

Benoit JN, Womack WA, Hernandez L, Granger DN.
“Forward” and “backward” flow mechanisms of portal
hypertension. Relative contributions in the rat model of
portal vein stenosis. Gastroenterology. 1985;89(5):1092-6.
Yoshida H. Mommyakuatsu koshinsho niokeru hijo-
myaku kekkodotai no kento [Splenic venous hemody-
namics in portal hypertension]. Nippon Shokakibyo Gak-
kai Zasshi. 1991;88(11):2763-70.

Gatta A, Bolognesi M, Merkel C. Vasoactive factors and
hemodynamic mechanisms in the pathophysiology of
portal hypertension in cirrhosis. Mol Aspects Med. 2008;
29(1-2):119-29.

Piscaglia F, Gaiani S, Gramantieri L, Zironi G, Siringo S,
Bolondi L. Superior mesenteric artery impedance in
chronic liver diseases: relationship with disease severity
and portal circulation. Am ] Gastroenterol. 1998;93(10):
1925-30.

Hamato N, Moriyasu F, Someda H, et al. Distribution of
mesenteric and splenic blood flow in cirrhosis of the liver
as estimated by radionuclide angiography. Intern Med.
1993;32(6):445-8.

Ditchfield MR, Gibson RN, Donlan JD, Gibson PR. Du-
plex Doppler ultrasound signs of portal hypertension:
relative diagnostic value of examination of paraumbilical
vein, portal vein and spleen. Australas Radiol. 1992;36(2):
102-5.

Gibson PR, Gibson RN, Ditchfield MR, Donlan ]D.
Splenomegaly--an insensitive sign of portal hypertension.
Aust N Z ] Med. 1990;20(6):771-4.

Afdhal N, McHutchison J, Brown R, et al. Thrombocy-
topenia associated with chronic liver disease. ] Hepatol.
2008;48(6):1000-7.

Miller L, Gairing SJ, Kloeckner R, et al. Baseline splenic
volume outweighs immuno-modulated size changes with
regard to survival outcome in patients with hepatocellu-
lar carcinoma under immunotherapy. Cancers (Basel).
2022;14(15):3574.

Kawano Y, Kaneya Y, Aoki Y, et al. Medical Treatment for
Hepatocellular Carcinoma in Japan. ] Nippon Med Sch.
2022;89(2):154-60.

Ferrante A, Davidson GP, Beard L], Goh DH. Alterations
in function and subpopulations of peripheral blood
mononuclear leukocytes in children with portal hyperten-
sion. Leukocyte subtypes and function in portal hyperten-
sion. Int Arch Allergy Appl Immunol. 1989;88(3):348-52.
Hernéndez-Gea V, Baiges A, Turon F, Garcia-Pagan JC.
Idiopathic portal hypertension. Hepatology. 2018;68(6):
2413-23.

Elchaninov A, Vishnyakova P, Sukhikh G, Fatkhudinov T.
Spleen: Reparative regeneration and influence on liver.
Life (Basel). 2022;12(5).

Mejias M, Garcia-Pras E, Gallego J, Mendez R, Bosch ],
Fernandez M. Relevance of the mTOR signaling pathway
in the pathophysiology of splenomegaly in rats with
chronic portal hypertension. ] Hepatol. 2010;52(4):529-39.
Colecchia A, Colli A, Casazza G, et al. Spleen stiffness
measurement can predict clinical complications in com-
pensated HCV-related cirrhosis: a prospective study. ] He-

23



36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

H. Yoshida, et al

patol. 2014;60(6):1158-64.

Shah SH, Hayes PC, Allan PL, Nicoll J, Finlayson ND.
Measurement of spleen size and its relation to hyper-
splenism and portal hemodynamics in portal hyperten-
sion due to hepatic cirrhosis. Am ] Gastroenterol. 1996;91
(12):2580-3.

Takagi K, Ashida H, Utsunomiya ]. The effect of
splenomegaly on splanchnic hemodynamics in nonalco-
holic cirrhosis after distal splenorenal shunt and spleno-
pancreatic disconnection. Hepatology. 1994;20(2):342-8.
Zwiebel WJ, Mountford RA, Halliwell MJ, Wells PN.
Splanchnic blood flow in patients with cirrhosis and por-
tal hypertension: investigation with duplex Doppler US.
Radiology. 1995;194(3):807-12.

Witte CL, Witte MH, Renert W, Corrigan JJ. Splenic circu-
latory dynamics in congestive splenomegaly. Gastroen-
terology. 1974,67(3):498-505.

Bolognesi M, Merkel C, Sacerdoti D, Nava V, Gatta A.
Role of spleen enlargement in cirrhosis with portal hyper-
tension. Dig Liver Dis. 2002;34(2):144-50.

Manenti F, Williams R. Injection studies of the splenic
vasculature in portal hypertension. Gut. 1966;7(2):175-80.
Re G, Casali AM, Cavalli D, Guida G, Cau R, Cavalli G.
Histometric analysis of white pulp arterial vessels in con-
gestive splenomegaly. Appl Pathol. 1986;4(1-2):98-103.
Yanaga K, Tzakis AG, Shimada M, et al. Reversal of hy-
persplenism following orthotopic liver transplantation.
Ann Surg. 1989;210(2):180-3.

Fernandez M, Mejias M, Garcia-Pras E, Mendez R,
Garcia-Pagan JC, Bosch J. Reversal of portal hypertension
and hyperdynamic splanchnic circulation by combined
vascular endothelial growth factor and platelet-derived
growth factor blockade in rats. Hepatology. 2007;46(4):
1208-17.

Bolognesi M, Sacerdoti D, Bombonato G, et al. Splenic
impedance indices: a useful method to monitor patients
after liver transplantation? Hepatology. 1998;27(3):674-8.
Piscaglia F, Zironi G, Gaiani S, etal. Systemic and
splanchnic hemodynamic changes after liver transplanta-
tion for cirrhosis: a long-term prospective study. Hepatol-
ogy. 1999;30(1):58-64.

Yoshida H, Mamada Y, Taniai N, Tajiri T. Partial splenic
embolization. Hepatol Res. 2008;38(3):225-33.

el-Khishen MA, Henderson JM, Millikan W], Kutner MH,
Warren WD. Splenectomy is contraindicated for thrombo-
cytopenia secondary to portal hypertension. Surg Gynecol
Obstet. 1985;160(3):233-8.

Altamura M, Caradonna L, Amati L, Pellegrino NM,
Urgesi G, Miniello S. Splenectomy and sepsis: the role of
the spleen in the immune-mediated bacterial clearance.
Immunopharmacol Immunotoxicol. 2001;23(2):153-61.

Li L, Duan M, Chen W, et al. The spleen in liver cirrhosis:
revisiting an old enemy with novel targets. ] Transl Med.
2017;15(1):111.

Tarantino G, Scalera A, Finelli C. Liver-spleen axis: inter-
section between immunity, infections and metabolism.
World J Gastroenterol. 2013;19(23):3534—42.

Babaeva AG, Druzhkova TA, Yudina NV, Gimmelpharb
EI, Medvedev A. Lymphoid cell-derived humoral factors
as possible mediators in regeneration information trans-
fer. Monogr Dev Biol. 1992;23:223-9.

Mineta S, Yoshida H, Mamada Y, et al. Changes in distri-
bution of splenic venous flow in the patients with cir-
rhotic liver. Hepatogastroenterology. 2005;52(65):1313-9.
Matsuzaki S, Onda M, Tajiri T, Kim DY. Hepatic lobar

24

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

differences in progression of chronic liver disease: correla-
tion of asialoglycoprotein scintigraphy and hepatic func-
tional reserve. Hepatology. 1997;25(4):828-32.

Akahoshi T, Hashizume M, Tanoue K, et al. Role of the
spleen in liver fibrosis in rats may be mediated by trans-
forming growth factor beta-1. J Gastroenterol Hepatol.
2002;17(1):59-65.

Asanoma M, Ikemoto T, Mori H, Utsunomiya T, Imura S,
Morine Y, et al. Cytokine expression in spleen affects pro-
gression of liver cirrhosis through liver-spleen cross-talk.
Hepatol Res. 2014;44(12):1217-23.

Yin S, Wang H, Park O, Wei W, Shen ], Gao B. Enhanced
liver regeneration in IL-10-deficient mice after partial he-
patectomy via stimulating inflammatory response and ac-
tivating hepatocyte STAT3. Am ] Pathol. 2011;178(4):1614-
21.

Kuriyama N, Isaji S, Kishiwada M, et al. Dual cytoprotec-
tive effects of splenectomy for small-for-size liver trans-
plantation in rats. Liver Transpl. 2012;18(11):1361-70.
Sugiura M, Futagawa S. A new technique for treating
esophageal varices. ] Thorac Cardiovasc Surg. 1973;66(5):
677-85.

Hassab MA. Gastroesophageal decongestion and splenec-
tomy in the treatment of esophageal varices in bilharzial
cirrhosis: further studies with a report on 355 operations.
Surgery. 1967;61(2):169-76.

Yamamoto S, Hidemura R, Sawada M, Takeshige K, Iwa-
tsuki S. The late results of terminal esophagoproximal
gastrectomy (TEPG) with intensive devascularization and
splenectomy for bleeding esophageal varices in cirrhosis.
Surgery. 1976;80(1):106-14.

Yoshida H, Taniai N, Yoshioka M, et al. Current Status of
Laparoscopic Hepatectomy. ] Nippon Med Sch. 2019;86
(4):201-6.

Kishikawa H, Suzuki N, Suzuki Y, Hamasaki T, Kondo Y,
Sakamoto A. Effect of robot-assisted surgery on anesthetic
and perioperative management for minimally invasive
radical prostatectomy under combined general and
epidural anesthesia. ] Nippon Med Sch. 2021;88(2):121-7.
Yanagi M, Hamasaki T, Akatsuka J, Endo Y, Takeda H,
Kondo Y. Risk factor analysis of intravesical recurrence
after retroperitoneoscopic nephroureterectomy for upper
tract urothelial carcinoma. BMC Urol. 2021;21(1):167.
Mizutani S, Taniai N, Furuki H, et al. Treatment of ad-
vanced pancreatic body and tail cancer by en bloc distal
pancreatectomy with transverse mesocolon resection us-
ing a mesenteric approach. ] Nippon Med Sch. 2021;88(4):
301-10.

Buzelé R, Barbier L, Sauvanet A, Fantin B. Medical com-
plications following splenectomy. J Visc Surg. 2016;153(4):
277-86.

Sinwar PD. Overwhelming post splenectomy infection
syndrome - review study. Int J Surg. 2014;12(12):1314-6.
Kristinsson SY, Gridley G, Hoover RN, Check D, Land-
gren O. Long-term risks after splenectomy among 8,149
cancer-free American veterans: a cohort study with up to
27 years follow-up. Haematologica. 2014;99(2):392-8.

Shen ]G, Cheong JH, Hyung W], Kim J, Choi SH, Noh
SH. Adverse effect of splenectomy on recurrence in total
gastrectomy cancer patients with perioperative transfu-
sion. Am ] Surg. 2006;192(3):301-5.

Fremont RD, Rice TW. Splenosis: a review. South Med J.
2007;100(6):589-93.

Smoot T, Revels J, Soliman M, et al. Abdominal and pel-
vic splenosis: atypical findings, pitfalls, and mimics. Ab-
dom Radiol (NY). 2022;47(3):923-47.

J Nippon Med Sch 2023; 90 (1)



72.

73.

74.

75.

76.

77.

78.

79.

80.

Spleen in Portal Hypertension

Dijkstra CD, Langevoort HL. Regeneration of splenic tis-
sue after autologous subcutaneous implantation: develop-
ment of non-lymphoid cells in the white pulp of the rat
spleen. Cell Tissue Res. 1982;222(1):69-79.

Tajiri T, Onda M, Yoshida H, Mamada Y, Taniai N, Kuma-
zaki T. Long-term hematological and biochemical effects
of partial splenic embolization in hepatic cirrhosis. Hepa-
togastroenterology. 2002;49(47):1445-8.

Taniai N, Onda M, Tajiri T, Yoshida H, Mamada Y. Com-
bined endoscopic and radiologic intervention to treat
esophageal varices. Hepatogastroenterology. 2002;49(46):
984-8.

Shimizu T, Onda M, Tajiri T, et al. Bleeding portal-
hypertensive gastropathy managed successfully by partial
splenic embolization. Hepatogastroenterology. 2002;49(46):
947-9.

Tajiri T, Onda M, Taniai N, Yoshida H, Mamada Y. A
comparison of combination endoscopic therapy and inter-
ventional radiology with esophageal transection for the
treatment of esophageal varices. Hepatogastroenterology.
2002;49(48):1552—4.

Yoshida H, Onda M, Tajiri T, etal. New techniques:
splenic artery embolization followed by intraarterial infu-
sion chemotherapy for the treatment of pancreatic cancer.
Hepatogastroenterology. 1999;46(27):2024~7.

Yoshida H, Onda M, Tajiri T, et al. Experience with in-
traarterial infusion of styrene maleic acid neocarzinostatin
(SMANCS)-lipiodol in pancreatic cancer. Hepatogastroen-
terology. 1999;46(28):2612-5.

Yoshida H, Mamada Y, Taniai N, et al. Long-term results
of partial splenic artery embolization as supplemental
treatment for portal-systemic encephalopathy. Am ] Gas-
troenterol. 2005;100(1):43-7.

Taniai N, Onda M, Tajiri T, Toba M, Yoshida H. Endo-
scopic variceal ligation (EVL) combined with partial
splenic embolization (PSE). Hepatogastroenterology. 1999;

81.

82.

83.

84.

85.

86.

46(29):2849-53.

Taniai N, Onda M, Tajiri T, Yoshida H, Mamada Y. Inter-
ventional radiology and endoscopic therapy for recurrent
esophageal varices. Hepatogastroenterology. 2001;48(37):
133-6.

Yoshioka M, Onda M, Tajiri T, et al. Control of isolated
gastric varices by combination therapy using emboliza-
tion and endoscopic scleroligation therapy. Hepatogastro-
enterology. 2002;49(46):955-7.

Taniai N, Yoshida H, Mamada Y, Tajiri T. The treatment
of gastric fundal varices--endoscopic therapy versus inter-
ventional radiology. Hepatogastroenterology. 2005;52(63):
949-53.

Takahashi T, Arima Y, Yokomuro S, et al. Splenic artery
embolization before laparoscopic splenectomy in children.
Surg Endosc. 2005;19(10):1345-8.

Shimizu T, Tajiri T, Yoshida H, et al. Hand-assisted la-
paroscopic hepatectomy after partial splenic embolization.
Surg Endosc. 2003;17(10):1676.

Hara K, Yoshida H, Taniai N, Mineta S, Kawano Y,
Uchida E. Successful management of a symptomatic
splenic artery aneurysm with transcatheter embolization.
J Nippon Med Sch. 2009;76(6):308-18.

(Received, October 19, 2022)
(Accepted, December 2, 2022)

Journal of Nippon Medical School has adopted the Creative Com-
mons Attribution-NonCommercial-NoDerivatives 4.0 International
License (https://creativecommons.org/licenses/by-nc-nd/4.0/) for
this article. The Medical Association of Nippon Medical School re-
mains the copyright holder of all articles. Anyone may download,
reuse, copy, reprint, or distribute articles for non-profit purposes
under this license, on condition that the authors of the articles are
properly credited.

J Nippon Med Sch 2023; 90 (1)

25




