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Treatment Update on Portal Hypertension and Complications

Jin Woo Lee, M.D., Ph.D.

Department of Internal Medicine, Inha University School of Medicine, Incheon, Korea

Current understanding of the pathophysiology of portal hypertension has resulted in therapeutic approaches aimed

at correcting the increased splanchnic blood flow and some of which have been already used in clinical practice.

Recently new perspectives opened and erstwhile paradigm has been changed to focus on increased resistance to

portal blood flow and the formation of portosystemic collateralization. Several studies revealed the clear-cut mech-

anisms of hepatic endothelial dysfunction and abnormal angiogenesis contributing to the development of portal

hypertension. Thus the modulations of hyperdynamic circulation or angiogenesis seem to be valuable therapeutic

targets. In the current review update, we discuss the multidisciplinary management of modulating hepatic vascular

resistance and abnormal angiogenesis associated with portal hypertension. However, these new pharmacological ap-

proaches are still under investigation and widescale clinical application are needed to develop effective strategies.

(Korean J Gastroenterol 2010;56:144-154)

Key Words: Portal hypertension; Intrahepatic resistance; Endothelial dysfunction; Angiogenesis

x
u

. o
Ak Puigte] W AYHOE 45U F 9o

™

%91 7+dl 9F= X (hepatic venous pressure gradient, HVPG)

} 12 mmHg o]4< 7% Al Ed3 2 Tl W

A% el oo, oAl AT oFBH AHZ HVPGE
H

20% ©F AEAIZIH A 95 A g v B

A=A o)A, 400711, YHA FTF AEF 37} 7-206
Qleleeta oSt ZeHeHd A3ty
Tel: (032) 890-2548, Fax: (032) 890-2549
E-mail: jin@inha.ac.kr

3} Zro] AR Wejelol ZAste] okE X & A7F At
Flof JgellA o] &= glek. WA Zhi dAe] St
o] ez ZHHol wg =2 sl o3k I3t

AE Fedt Ao I Uk F wlA 2919l T §
deEFae] Z7He el sy, Syae) s ¢
vl &}l

3 whetol] ol Weishx HEAo) o8

£
2
>

A=A Xy 8 AEEE dslr] A3 o=
14e% w|elx} kAl (propranolol, nadolol),
=]

[e)
a2l FA4 AuF F99 XFEZE terlipressin, somato-

Correspondence to: Jin Woo Lee, M.D.

Department of Internal Medicine, Inha University School of
Medicine, 7-206, Shinheung-dong, Jung-gu, Incheon 400-711,
Korea

Tel: +82-32-890-2548, Fax: +82-32-890-2549

E-mail: jin@inha.ac.kr



Pathophysiolsgy of portal hypertension

Rational basis of therapy

APortal pressure=Resistance x Blood flow

Increased
blood flow

Increased
liver resistance
(structural/dynamic)

(splanchnic vasodilatation)

TIPS Current
new targets treatments
Increased portal pressure
New targets l
Formation of
Portal-Systemic Collaterals

statin o= I SAA|] AFXE2E Aastn okt ¥z
uk Z & skl S we el uigh gkt Aot A

ez, ol % 2AY = gl AEA Aol Tl

Aoz olFolAUA WARFY 24 B8 712

sk AEw o 5849 A ARAAZ
o

o[l QoA F2 g Wk I AE 75 olel <]
& AT AYL DAL, WA RAAS A

Hol 3 WA LS MRS ERERY T
4 el g zaslol 1) WAAGE ZAAA AT Lulgh
gA1zo] ghisich

=)
=

O o m o fo X

] 29l
A= Ao 2GR ek whA 7HAstel A E4F
HERFERe] RAER3E Faket W ERe] W

Afrsh(fibrogenesis), 7H A%} (intrahepatic shunt) 4 5
AgAe 771 ZEHQ ZHAIE H-i(perfusion)”} 7

Lt o i

p-blockers  Fig. 1. New paradigm for the treatment of portal
Terlipressin hypertension. Current treatments are based on the use
Somatostatin .
of drugs that decrease blood flow by attenuating the
splanchnic vasodilatation (old paradigm), but new
treatments aim at correcting the increased hepatic vas-
cular resistance and the formation of portal-systemic
Endoscopic  collaterals. (modified from Bosch et al., J of Hepatol-
treatments ogy 2010).
Zsto] A% ZHRAo) o2& o R Id#A QUek” A
A Z(hepatic setellate cells, HSCs)9] A 3lol] o8t +3
GAE D Sl ook T2 eelolrh wpz}
Al B EA] e AABAY AT 5 e A E
e A HekE MAAE e ThsAel vk W
AT Astelq AAFe] A4 AR, F WA ol
29, FTLA AR, ARy AR 5 A B
PUGHIAZES SAAA, FUGRAZOR A% PYF
S Y 5 Aok siglek® zEd oleiet 71 Akl o
s

=
AE7H 44 S, AAAE A BOIE BTk Bt
AZo] HakH oz MAIA he ATl EARTHE
el

ol
ok

2) a3l X|2(anti-fibrotic therapy)
A 274H Aol A= olE 8t 7|4 A%t X[ 8ot Ut
AU, AdE HA JRke 49 dedl, HRskE
AT 45 A, AZAZE o3t ARst I xd
JAAE AEAEA 2 Bl 2k AlEe]

7149 =3} 3 o] M3 IS MAAA F e
A3 X 3ol Tl A7l AdE A ik’ ARk
F2-E glo] ddH oz FEist Ji4l ATE Heole A&
FE olA7IA FAEIA @okon], o3t AFE FE
7)50] A BHER e MRk e WS 27|
RS o a7 wliitoll, X% S 3hAke] &
et RS-g MAAZ F e Aol A= v W

(¢}
o



146 The Korean Journal of Gastroenterology: Vol. 56, No. 3, 2010

(1) QIE{HI=: Shiratori 5ol J&hd, C37red A S
Ao 2 olEHlE X8 Axe] 7kzz A4 Aes =
SIE-S AR-3t tHl(fibrosis stage)Z H|L gt A3} X G1EA]
OLL- 31AH= 0.1 unitfyear® A-F3P7F A= whe], X8 =
A|4:%] Wk-S(sustained virologic response, SVR)& .91 3z}
TollAE —028 unitfyear2 A-F3}F ZgPo] AAE £7AS
B}k w3k Rincon 5% WA CE7HHE kAl A
PEG-interferon alpha2b$} ribavirin®] HW3re-& AJ3)
HVPG7} H 7 282% #H4adhe Barsigich oleidt Azks
< 710] ulolE A~ MBS B3l A= 2AE 71483 E B
AN FUeRIAS Yel F lsAe Hel etk

(2) Cyclooxygenase-2 (COX-2) HMA|: A=)3
COX-2 AAAE LA 24Tl ) A3k 212y
& A%, F YT AFADAE RGO A 7
832 AA8)= Paik Elgg T E2AY Bl 99
Ak o Y F7t AT Dasleh

(3) XPIEETM=E -’F—&'(autologous bone marrow
cells infusion, ABMi): Eol4] FAl-Foizljed A3l
A T FAES G Te] Hsigl, A
ANBSANE FAX B2 Bel7] 918 A4 A
BAGNA AW Q) ATFBSA L] AL A
32 53 7V)s 34, matrix metalloproteinase (531,
MMP-9) Wl F7b 9 HAlfek oAlE Eausigleh
Segawa-?/} Sakaida= 237 2] 7AW 3lalol|A] 245 AT}

TAE F4 X84 G A ginle] foluA
Zrbelel, 199 SAolAE A s F HEw H7de] 74
2 BRI, ol ATFEFAE FYH 2ol o3 T
steRIFo] 348 FhsAE AAshE db] AEAE A
ZhEled, oleldt ATANE B GG A2k 2k
IAZE A FEAA FHRISE TAAZ 74

o] A= et

of

J

-

HE of

2. ZHH EEAE 3o19| 71l R2E Z=Ests X

JHAES WA EES T2 O R AXhe A Fo]
2 Aol 9 ol S S S A HAES)
AE (pericytes) 24 €] 7155 A gheke HellA]

A% Aol AAAIES] ofdte] 2 FEE gl
& oln] Tz

511 A AR A1) o

A ol YRR APATE] 57 GA 8

2
o
A

H
2o T J\m o

o]
-

b
N
b
o
43
K
%0,
o
€
ot 4
iy
ey
it
Y
fru
o
il
2
v}
H o O R
o X

7] gelslr] 9)sl #o AAAEe]
743} ET-1 A=l 93t 170 AN E

o] HF F=EL ok 069 dyn X 14,000 dyn/em’ (Z
contractile force per HSC/surface area around the sinusoid=0.69
dyn/4.8x10 ° ecm)o|a* o= 73S Eulol|A] =43k
7‘1-%_‘?_0%“3 Wgtiol =7] uljfol] AdAEe] 5o
= AERgEBe FHo| FseuE FFHoE o)
gz H-ygou Aol Aoz 4
S 0 WIHIAEE PG e TfolE
4 wistol g ele] Wekibg TAE Y F oA
Azo At WA A5l 2, el
sl £4E Ao delA Yok 7
%ﬂHJ_MAHP-AiH GskgAlel ol
o] #AslEl Aol gLo]_rp]oi;} ulelA] A 3hE
ool lal WAk
Aoz 7lu=

2 |

12 X
% ox
X o
rE oﬁ
j,‘L

r
N

o 1 od o= ok
rE
>
n?l oX

12 ox i
-
bl
Lo N
;r
\
tlo
N
oo
(EAIN
-l%
&O
_,VL

N
-~

491 o SHE 24T+ 9%

)
3
i
8

olgigt TAE & ufl 7HHFolA W AE 75l
Nitric Oxide (NO)2] AJA|o]-8-& & (bioavailability)o] TEo]A]
3L COX-1 v E3rgA o] FrtslA] A== Al
7108 Az o2 I An dRrHEAe] Bt
& xdsle] 7 AR 71 95 e]low A
El=g

1) Cyclooxygenase-1 (COX-1) XA

Eiéﬂ%%ﬂ@&ﬁ¥5%%
Q §4F COX-1 /) ==&

ekt s FAshe AeR

Cyclooxygenase (COX)+
AHTX)= AAsherl 2e3k +
ZElso|EE 7S] 9 )

Vel ik Z, 27HZNA COX-1o] I3 EERAAA
(TXA2) Z A=A P35 Fishs alphal-5%1A]
¢l methoxamineol] W3k FalnkSo] UolLjA|ul o7t &
o] ulAded Ccox 2p=hAl @ COX-
TEA-AYA R 2= = e & o TR
A9 TFeAE A 29D 2 AANE A 7
SAlE Fo3 ARFHE42) TXA29 PGH2 Aol 3
A%, o}g}7]=AHarachidonic acid) Ax|o]-EH &2 =7}
Z 9I3%t phospholipase A2 AT HP3 ZZAEl o]
‘:% BAE ZH71E e9log A8t wel T4

AT TXA2 Ao Folsl= Ao s AT 011;1_30
olelet 2] AT 1el ¥ wl) 7AHEAA COX-1
pathvay SAISHE QU8 WAEEEAL) Aol S71HE &
T 9o, COX-1 AR 0|5 ATz 7+ FF+
gho] 34HE AoR ol

0

O

o
T

pN
By
i
Y
K
o
%8

1-H

2) ZHH NO MAN0|2&E8 &7 A=
H3¥ElAl NO Aol &8s e ZhH 8% A
S Z7MA)7)= F93F d9lo]a, eNOS mRNA uF w1l

o



Lee JW. Treatment Update on Portal Hypertension and Complications 147

Table 1. Mechanism for Decreased Hepatic NO Synthesis in Cirrhosis and Possible Treatments

- Decrease eNOS expression: Not proven
- Decrease eNOS activity: Well demonstrated

Intra-hepatic endothelial dysfunction

@ Increased caveolin expression (cholestasis)

@ Decreased Akt-p dependent eNOS phosphorylation
3 Decreased production of BH4

@ Scavenging of NO by O (reduced SOD activity)
® Increased levels of asymmetric-DMA

Counteracted by

Statins

Supplements
Antioxidant/SOD

Modified from reference®.

NO, nitric oxide; eNOS, endothelial nitric oxide synthase; SOD, superoxide dismutase; DMA, dimethylarsinic acid; BH4, tetrahy-

drobiopterin.
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Statins and liver circulation
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Fig. 2. Mechanisms mediating the decrease in hepatic resistance by statins. Statins increase eNOS expression and activity. The most im-
mediate effect of statins on endothelial NO production is an increase in eNOS phosphorylation, with subsequent increased activity. This
is mediated by the activation of the phosphatidyl inositol 3-kinase (PI3K)/Akt pathway that leads to an increase in Akt phosphorylation
with ensuing eNOS phosphorylation. Statins reduce the expression of the eNOS inhibitory protein caveolin-1 and increase the interaction
of eNOS with its stimulatory protein Hsp90. These effects occur slower than the PI3K/Akt pathway activation. Statins also increase the
expression of GTP cyclohydrolase I (GTPCH), the rate-limiting enzyme for de novo synthesis of tetrahydrobiopterin (BH4), a cofactor
that increases eNOS activity by preventing eNOS uncoupling and, thus, superoxide generation. Statins also upregulate eNOS expression
by increasing eNOS mRNA stability. Lastly, statins inhibit hepatic RhoA/Rho kinase signalling, which increases eNOS expression and
decreases hepatic stellate cell (HSC) contractility (modified from Bosch et al., J of Hepatology 2010).
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Fig. 3. Double-blind randomized controlled trial of simvastatin vs. placebo for portal hypertension in patients with cirrhosis. (A) HVPG
decreased significantly in patients receiving simvastatin, but not in those receiving placebo. (B) In the group of patients treated with sim-
vastatin, the decrease in portal pressure was observed both in patients under no treatment and in patients under continuous propranolol
administration, suggesting an additive effect with non-selective beta-blockers (modified from Abraldes et al., Gastroenterology 2009).

HVPG, hepatic venous pressure gradient.
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Fig. 4. Tetrahydropiopterin (BH4) is an essential cofactor for
eNOS. Decreased BH4 levels in the cirrhotic liver determine
eNOS uncoupling, which results in decreased NO synthesis and
increased release of superoxide radicals, which in turn can react
with NO, further decreasing the bioavailability of NO.

NO, nitric oxide; eNOS, endothelial nitric oxide synthase.
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Table 2. Drugs Used to Reduce Portal Pressure in Cirrhosis and Their Dosage

Drug Administration

Dose Period of administration

Vasopressin (VP)+
nitroglycerin (NG)

VP: i.v. infusion,
NG: precutaneous

Terlipressin i.v. boluses

Somatostatin i.v. bolus then i.v. infusion
Octreotide i.v. bolus then i.v. infusion
Vapreotide i.v. bolus then i.v. infusion
Propranolol Oral

(non-selective BB)

VP: 0.4 uy/min, NG: 20 mg

2 mg/4 h for 24-48 h then 1 mg/4 h
250 mcg followed by 250-500 mcg/h
50 mcg followed by 50 mcg/h

50 mcg followed by 50 mcg/h

20 mg bid: increase the dose up

to the maximum tolerated

2-5 days (acute bleeding)

2-5 days (acute bleeding)
2-5 days (adute bleeding)
2-5 days (adute bleeding)
2-5 days (adute bleeding)
Chronic (primary and
secondary prophylaxis)

(maximum 320 mg/day)

Nadolol Oral
(non-selective BB)

40 mg bid: increase the dose up
to the maximum tolerated

Chronic (primary and
secondary prophylaxis)

(maximum 160 mg/day)

Carvedilol Oral
(non-selective BB

with alfa-blocker activity)
Isosorbide mononitrate Oral

6.25 mg bid: increase the dose up
to the maximum tolerated
(maximum 50 mg/day)

10-20 mg bid; increase up to
20-40 bid if tolerated

Chronic (primary and
secondary prophylaxis)

Chronic, only in association
with BB (primary and
secondary prophylaxis)

Modified from reference’.
VP, vasopressin; NG, nitroglycerin, BB, beta blocker.
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3) Renin-angiotensin-aldosteron system (RAAS)
== ok
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Fig. 5. Percentage change in HVPG divided by Child Pugh sta-
tus using individual patient data from three ARB/ACEi versus
BB studies. As calculated from individual patient data, the
HVPG reduction in patients with Child Pugh A cirthosis receiv-
ing ARB/ACEi’s (—17%) was similar to those with Child Pugh
A cirthosis receiving beta-blockade (—21%) and greater than
those vpatients with Child Pugh B/C cirrhosis receiving
ARBJ/ACEi’s (3%). The mean percentage change and the 95%
confidence limits are represented. (modified from Tandon et al., J
of Hepatology 2010).

HVPG, hepatic venous pressure gradient; ARB, Angiotensin re-
ceptor blocker; ACEi, Angiotensin converting enzyme inhibitor;
BB, beta blocker.
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