REVIEW ARTICLE

Non-Invasive Assessment and Evaluation of Portal Hyper-
tension in Patients with Liver Cirrhosis

Indra Marki * Rino A. Gani ™ Marcellus Simadibrata **, Chudahman Manan ***

* Department of Internal Medicine, Medical Facuity University of Indonesia
** Division of Hepatology, Department of Internal Medicine, Medical Faculty, University of Indonesia
***Division of Gastroenterology, Department of Internal Medicine, Medical Faculty
University of indonesia

ABSTRACT

Ultrasonography examination is an one of examination that can be used to see the abnormality of portal

vein system.

The technology of ultrasonography examination has further developed especially after using of Doppler
ultrasonography which could portray haemodynamic changes from portal vein in liver cirrhosis patient.

From this examination we also could predict bleeding.
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INTRODUCTION

Liver cirrhosis is a chronic liver disease signified by
the presence of fibrosis and nodules. This disorder usu-
ally begins with inflammiation, widespread liver necrosis,
formation of connective tissues and regeneration nod-
ules. Changes in the structure of the liver result in changes
in the circulation. Functional liver cirrhosis is classified
into two stadiums, compensation (early/latent cirrhosis)
and decompensation (followed by liver failure and portal
hypertension)."?

Portal hypertension occurs due to an increase in the
pressure of the portal vein system due to increased re-
sistance of the blood vessels and/or increased portal vein
blood flow.!»#

Liver cirrhosis accompanied with portal hypertension
can cause bleeding of the upper gastrointestinal tract
due to rupture of the esophageal varices. Seventy per-
cent of patients with liver cirrhosis will eventually suffer
from portal hypertension and esophageal varices.
Djojoningrat reported a prevalence of gastrointestinal
bleeding due to esophageal varices of 70.2% in RSCM
in the year 1988. Soemarno, ¢t al reported 93% preva-
lence of upper gastrointestinal bleeding due to esoph-
ageal varices and gastropathy.” The prevalence on ini-
tial bieeding is 36%, and 70% on repeated bleeding.?

Sonography is a diagnostic tool that can be utilized to
diagnose abnormalities of the portal vein system.
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Sonographic technology has further developed with the
invention of Doppler combined analysis and standard
color ultrasonography, which can portray haemodynamic
changes in the portal vein in patients with liver cirrhosis
and is currently the most un-invasive technique to evalu-
ate the portal vein blood flow. The sensitivity and speci-
ficity of Doppler ultrasonography is 83% and 93% re-
spectively.!'?

HEMODYNAMIC CHANGES OF THE PORTAL SYSTEM

Portal hypertension is mostly due to liver cirrhosis. In
Indonesia, cirrhosis is most frequently caused by a virus,
while cases abroad are more commonly due to alcohol.
Other causes of portal hypertension include thrombosis,
tumor, etc.'234

The portal vein system consists of a venous network
that begins at the superior mesenteric vein, goes through
the portal vein and end at the hepatic vein. Before the
portal vein enters the liver, it branches in two to supply
the right and left hepatic lobe.

As we know, the portal pressure is attained from
changes in the hepatic vein. It ranges between 5-10
mmHg measured using catheterization.'*¢ Portal hyper-
tension occurs due to an increase of pressure in the por-
tal vein system due to an increase in blood vessel resis-
tance and/or a pathologic increase in portal vein blood
flow.
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Figure 1. Portal vein system and collateral pathways of portal hypertension. Portohepalic lo SVC; Peripancreatic (a),
portosyslemic: Gastroesophageal varices (b), paraesophageal vein (c),. Portosystemic to IVC: Gastrorenal {d), paraumbilical
{e}, splencrenal (f}, splenoretroperiloneal {g), mesentericocaval (h), paracolic (j), pelvic (k). CV coronary vein; GEV gasiroepi-
ploic vein; IMV inferior mesenteric vein; IVC inferior vena cava; PV portal vein, SMV superior mesenteric vein; SV splenic vein,
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Changes that occur:'2#
1. Increased blood vessel resistance
Due to liver fibrosis because of the formation of
collagen tissues due to liver sinusoid that hardens
and causes mechanic obstruction
2. Increased portal vein blood flow
Due to vasodilatation of the splanchnic artery be-
cause of humoral factors (glucagons, NO synthase),
neurogenic factors, and local mechanisms
3. Portosystemic collateral formation
Due to the mechanism of compensation because
of pathologic portal blood flow to the heart and its
resistance; This occurs as a mechanism to reduce
the pressure of the portal system
4. Hyperdynamic condition
Due to an increase in the level of endogen va-
sodilators which causes vasodilatation and an even-
tual increase in plasma volume
5. Splenomegaly
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PRINCIPLE OF MEASUREMENT USING THE DOP-
PLER ULTRASOUND DEVICE

As we know, increase in the portal pressure occurs
due to increased blood flow to the portal vein. Thus, we
could indirectly measure pressure in the portal vein by
measuring the portal vein blood flow using the Doppler
echo.

Similar to the blood vessel system in general, changes
in venous system pressure is a result of blood flow and
blood vessel resistance, stated by Ohm’s Laws through

P=QxR
the formula:*’
P = Pressure changes
Q=Blood flow

R = Blood vessel resistance
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Figure 2. Scheme of the formation of portal hypertension

Thus, the pressure will increase if there is an increase
in blood vessel resistance and/or portal vein blood flow.
On the other hand, the portal pressure will drop if there
is a reduction in blood vessel resistance and/or portal
vein blood flow.

Increased blood vessel resistance is caused by liver
fibrosis that creates an obstruction/constriction, thus in-
creasing the speed of blood flow, as stated in Pouseuille’s
theorem, with the formula;*?
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R = resistance

N = coefficient of viscosity
L =blood vessel length
r=blood vessel radius

Slow

Spinning flow

S

Laminary flow

Figure 3. Doppler echo ultrasonography. Portrays
increased blood flow through a narrowing tube
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Using Doppler echo ultrasonography portrays not only
the liver and the portal vein diameter, but also the charac-
teristics of the blood vessel and blood flow, by measur-
ing the speed of the portal vein flow using a certain tech-
nique. After the portal vein diameter is attained, we could
obtain the rate of portal vein blood flow using a certain
formula.

Sample

volume Portal

Figure 4. The formula to obtain the rate of portal vein blood
flow

C Fdmax
Portal vein velocity = Cm/sec

2 Fo.Cosa

Note:

C = ultrasound wave velocity (1.5 x 10° Cm/sec)

Fdmax =maximum Doppler frequency shift

Fo = ultrasound wave frequency (3.5 Mhz)

o =angle between Doppler beam and the direction of
portal vein flow

Important notes:
. o has to be less than 60°
2. The state of the following blood flows:

- Hepatopetal: flow towards the liver, must be nor-
mal. For example: blood flow from the portal vein
to the liver.

- Hepatofugal: flow away from the liver, reverse
flow, often found in portal hypertension.

3. Noor minimal ascites.

DOFPLER ULTRASOUND MEASUREMENT IN PA-
TIENTS WiTH PORTAL HYPERTENSION

1. Measurement techniqie and requirements:®13-1413.16
a. The patient must have fasted prior to the exami-

nation.

b. The patient is not allowed to drink medication
that would reduce the pressure of the portal vein,
obstruct the H pump, or H, receptor antagonist.

¢. Supine position. The examination is carried out
with the patient in supine position.

d. The patient must rest for at least [5-30 minutes
prior to the examination. '

e. The transducer is placed at a less than 60° angle
to the portal vein before it branches to the right
and left lobe, exactly below the hepatic artery'’
or above the inferior vena cava.*®

f. Measurements are taken while holding the breath
for 4 seconds.

g. A minimum of 3 measurements are taken and
the values averaged.

Measurement of the portal vein system

Measurement of the diameter:

Lafortune et al conducted the following experi-
ment in which the portal vein pressure of 64 patients
with cirthosis was measured using angiography, while
the diameter was measured using ultrasonography.

From this experiment they found no relationship
between increased portal pressure and the diameter
of the portal, superior mesenteric or splenic veins,
but a change was noticed in the diameter of the coro-
nary vein.

A coronary vein with diameter of more than 0.7
Cm could signify severe portal hypertension
Measurement of the direction of the flow:™

Gaiani et al studied 15 patients with hepalofetal
flow and 29 patients with hepatofugal flow based on
examination using Doppler ultrasound. These patients
were followed for an average of 13 months, to dis-
cover the relationship between the direction of blood
flow and survival rate and risk of bleeding.

After follow up, they found that there was no
relationship in the survival rate of the two groups,
but the risk of bleeding was very high in patients
with hepatofetal blood flow.

Evaluation of bleeding’

Soemarno et al measured the flow and the ve-
locity of portal vein blood flow in 115 men and 39
women with upper gastrointestinal bleeding from the
Emergency Unit of St. Carolus Hospital.

They found that the velocity of flow in 32 pa-
tients who suffered from bleeding of the esophageal
varices and portal hypertension gastropathy was 14-
18 Cm/sec. The velocity of flow in [4 patients with
gastric bleeding was above 19 Cm/sec.
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Table 1. Measurement of the portal vein system in five groups of cirrhosis patients and one
control group*®
Patient Portohepatic Portal Diameter of  Diameter of Diameter of
Group n Pressure Vein The Superior The Splenic  The Coronary
{n} {mmHg) Diameter Mesenteric Vein (Cm) Vein {Cm)
{Cm) Veln
{Cm)
i 4 26+1,5 21+03 19402 1605 0,47 £ 0,21
{0-8) {1,6-2,4) (1,8-2,2} {1-2,2) {0.2-0,7)
2 15 89+11 19102 1,702 13+£0,3 0,8+0,13
{>6-10) (1.4-2,3) (1-2) (0,8-1,7) (0,3-0,7)
3 15 13,6+15 1.8+03 16102 1,3+03 0,72+ 0,21
(>10-15) {1.2-2,3) (1.2-1,9) (0,6-1,8) {0,4-1,2)
4 15 "185+13 19102 1,7+02 13+£02 0,79+£0,3
{>15-20) {1.4-2,3) {1,3-2) {1-1,8) (0,3-1.7)
5 15 226+1.3 16+03 16+03 1,3+£0,3 0,7+£0,23
(>20-25) {1,1-2) (1-2) (0,8-1.8) (0.2-1)
Contrel 32 - 18+03 15+0.3 1,1+03
(122 (1-2) {0,8-1,5)

Table 2. Systemic parameter and portal hemodynamic in 12 patients with cirrhosis®

Parameters 24 hrs Observation

0800 1200 1600 2000 2400 D400
Pulse rate 77+4 77+4 78+4 79+ 4 7814 78+ 4
{pulse/minute)
Mean arterial 20 +12 0+ 11 88112 89+12 89+13 80+ 10
pressure {mmHg
Cardiac output 62+06 62+08 63+x08 63+£07 68+07 66x09
{I/minute)
Peripheral bload 1170+£230 1165200 1110z 1145+ 1050 % 1080 + 197
vessel resislance 221 224 228
{dyne sec cm™)
Portal vein blood flow 603 + 110 680+ 79 632 + 631+ 917+ 697 £ 178
(mm/mnt) 179 169 248

They concluded that a portal vein velocity above -
8 Cm/sec signifies portal hypertension. A portal vein
velocity above 9 Cm/sec signifies high risk of upper
gastrointestinal bleeding. A portal vein velocity above
14 Cm/sec means upper gastrointestinal bleeding
could result from esophageal varices or portal hy-
pertension gastropathy. Thus, we could predict bleed-
ing.

4. Diumal variation®

Alvarez et al conducted an experiment on diur-
nal fluctuation in 12 patients with liver cirrhosis, 10
men and 2 women ages 30-71 years. The patients
were admitted to the hospital and the hemodynamic
condition and blood flow was evaluated using Dop-
pler ultrasound every 4 hours for 24 hours, and taken
at feast 2 hours after meals and after 30 minutes of
rest in supine position. They found that the cardiac
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output and portal vein blood flow increased at mid-
night.

The mechanism of such increase in portal vein
bloed flow is still unknown. It is possible that this
variation is due to humoral and neurogénic factors,
which are an increase in the vasodilator component
thythm VIP (vasoactive intestinal peptide), a strong
endogenous vasodilator which peaks at midnight, or
a reduction in sympathetic activity due to reduced
secretion of cathecolamine at midnight.

The variation of portal vein blood flow especially
at midnight explains why the incident of varicose
bleeding is highest at night.

5. Influence of meals?

Gaiani et al conducted the following experiment
in which the sample consisted of 12 normal subjects,
11 patients with active chronic hepatitis and 11 pa-
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Table 3. The effect of a standard meal on portal vein blood flow velocity™

Prior to meals After meals % of icrease
NS(n = 12) 1641 19.7+48 24
CAH{(n=11) 173+ 4,1 204149 18,2
LC(n=11) 124+23 127+3,1 a2

NS = Nemmnal patients; CAH = Chronic Active Hepalitis; LC = Liver Cirrhosis

tients with liver cirrhosis. Measurements were taken
using Doppler ultrasonography first during fasting and
the second time 60 minutes after taking a standard
Italian meal (1100 calories = 18% protein, 39% fat,
43% carbohydrate)

This experiment showed an increase in portal vein
blood flow in normal patients, patients with chronic
hepatitis and those with cirrhosis, but the increase in
cirrhosis patients was not very large.

Increase of blood flow, influenced by meals was
due to both intrinsic mechanisms, which are increased
transmural arteriole pressure and increased vasodi-
lator agents, extrinsic mechanisms, such as the au-
tonomic nervous system, as well as the influence of
the gastrointestinal hormones gastrin and glucagon.

From this study, we conclude that meals can cause
increased portal vein blood flow, consequently in-
creasing portal pressure.

6. Evaluation of therapy

1.

Experiment using pitressin and ranitidine:"

Ohnishi et al studied 15 men and 4 women
with portal hypertension. Measurements were
taken using both angiography and Doppler ultra-
sound. The portal vein blood flow was measured
before and after therapy. Several patients re-
ceived intravenous pitressin 0.3 U/minute for 15
minutes, and the others received intravenous
ranitidine 50 mg/30 minutes.

They found that there was a reduction in por-
tal vein blood flow after administration of both
pitressin and ranitidine. Similar results were ob-
tained using angiography and Doppler ultrasound
using the formula ¥ = 0.6 X - 1.723 (Y = an-
giography and X = Doppler ultrasound).

. Doppler altrasonography is sufficiently accu-

Table 4. Portal vein velocity in 12 patients with portal hypertension, before and after administration of

pitresin and ranitidine™

Portal Yeln Velocity {cm/sec}

Portal Vein Flow

Patient Therapy Cineanglogra USG Doppler
Number phy Method Method
before afler before after mUlminute miminute’kg  mbminute  mbminule/kg

1 Pitrasin 8¢ 33 18,5 1.7 489 86 156 2.7
2 Pitresin 9,3 54 182 125 859 12,1 484 6.8
3 Pitresin 38 30 98 64 216 37 153 26
4 Pitresin 12,2 49 219 12,1 622 83 232 35
5 Pitresin 8.2 24 16,2 5.0 556 87 153 24
6 Pitresin 9,2 31 17,9 84 459 7.2 134 2,1
7 Pitresin 8,1 28 15,2 6,2 705 10,8 203 31
8 Ranitidine B2 6,4 143 1456 442 6,2 449 63
9 Ranitidine 9,6 103 161 176 742 8,5 79 10,1
10 Ranitidine 11 11,0 19,9 209 743 14,6 743 14,6
11 Ranilidine 104 103 204 198 705 12,4 698 12,2
i2 Ranitidine 5.1 41 132 12,5 407 6,6 327 53
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Table 5. The effect of propanoclol on the systemic and splancnic hemodynamic condition™

Measurement n Base Value After P Change
Propzanolol

MAP (mmHg) - 15 95110 91112 <0,02 368151
HR (bpm) 15 687 617 <0,001 126+ 4,6
CO (Vmnt) 10 6,03+1,18 4,48 + 0,88 <0,005 -245+11.5 -
PVP (mmHg) 9 20,1+6.3 176162 <0,001 13367
WHVP {mmHg} 6 204+46 185+46 0,025 96156
FHVP (mmHg) 6 80%£28 83+£23 NS +10,0+ 23,3
PVP-FHVP (mmHg) 6 11,5+£3.7 8.0+4,4 <0,02 -24.8 +14,2
WHVP-FHVP (mmHg} 6 123125 102+26 <0,001 -18,2+5,9
EHBF {/mnt} 6 0,934 £ 0,303 0,633+0,115 NS 27,3+ 17,1
PVF {(¥mnt) 10 0,740+ 0,227 0,558 £ 0,160 <Q,005 -22,3+ 144

rate to measure portal vein flow and could also
be utilized to observe hemodynamic changes of
the portal pressure.

2. Experiment using propanolol:"

QOhnishi et al studied 12 men and 3 women,
aged 31-71 years, 13 with liver cirrhosis and 1
with hepatoma. Measurements were taken si-
multaneously using catheterization and Doppler
ultrasound. Measurements were taken before
and after administration of 5 mg of propanolol
intravenously for 35 minutes. There was a de-
crease in pulse rate (-12.6%), reduced cardiac
output (-24.5%) and reduced hepatic blood flow
(-27.3%).

Propanolol reduces the portal vein pressure
by reducing portal vein blood flow. This is due to
decreased cardiac output caused by a blockage
of the B1 adrenergic receptor.

CONCLUSION

1. The Doppler ultrasound was used as a method to
evaluate the presence of portal hypertension.

2. The Doppler ultrasound is currently the most un-in-
vasive technique to assess portal vein blood flow.

3. The Doppler ultrasound could be used as a non-in-
vasive method to evaluate changes in the hemody-
namic condition of the portal vein due to medication
or other causes.

4. Using Doppler ultrasound, we can predict bleeding.

REFERENCES

. Sherlock 8. The portal venous sysicm and portal hypertension
ir the diases of the liver and biliary sysiem. Eight ed. Oxford
1988: 151 -210.

2. Tarigan P. Sirosis 1ali, Dalam: Buku ajar ilmu penyakit dalam,
Jilid I, edisi ke 3, Balai Pcnerbit FKUI; 1956:271 - 5.

Volume 2 Number 2 August 2001

10,

12.

13.

14,

15.

Rodes J. The evolution of knowledge on the pathophysiology
of portal hypertension in portal hypertension II, Ed by Robert
de Franchis; [997: 18 - 26,

Gupla T, Chen L, Groszmann R. Pathophysiology of porial
hyperiension in clinical gastroenterology, vol llfnumber 2, Ed
I.Basch; 1997: 203 - 20,

Kusumobroto H. Hiperiensi portal. Dalam: Buku ajar ilmu
penyakit dalam, Jilid I, edisi ke 3, Balai Penerbit FKUI, 1996:
280-87.

D’amico G, Pagliaro L, Bosch J.The treament of portal hyper-
tension: A meta-analylic review. Hepatology 1993; 22: 332 -
54..

Soemamo, Noer §, Daldiyono dan Akbar N. Hemodinamik vena
porta pada perdarahan varises csofagus dan gastropati hipertensi
porial pada pasicn sirosis hati, Dalam: Makalah KONAS PG/
PEG], Perternuan [imiah PPHI, Ed Abdurahman SH, Bandung
1992:360 - 73.

The North Italien. Endoscopy club for the study and treament
of csophageal varises, prediclion of the first variceal hemor-
rhage in patient with cirthosis of the liver and esophagcal varises,
N Engl J Med 1988; 319: 983 - 89.

Makes D. Dasar-dasar color Doppler pada hepar. Dalam:
Perkembangan ultresonografi. 9 eds., Penerbit Universilas
Tarumanegara, 1996; 19 - 21.

Weinreb I, Kumari §, Phillips G, Pochaczevsky B. Portal vein
measurements by real lime sonography, AJR 1982; 139: 497 - 9.
Alpen MB, Rubin IM, Williams DM & Capek P (1987) Porta
hepatis: duplex Doppler US with angiographic cerrelation. Ra-
diology 162: 53 - 6.

Lebrec D, Sogni P, Vilgrain V. Evaluation of patients with porual
hyperlension in clinical gastrocnterology Vol IT/number 2. Ed J
Bosch; 1997: 221 -41.

Van Leeuwen MS. Doppler ultrasound in the evaluation of por-
tal hypertension. Doppler ultrasound 1988; 53 - 76.

Ohnishi K, Saito M, Koen H, Nakayama T, Namura F, Okuda
K. Pulsed Doppler flow as a crilerion of porial venous velocity:
Comparisoen with cincangiographic measurements, Radiology
I985; 154: 495 -98,

Ohnishi K, Nakayama T, Saito M, et al, Effects of propanolal
on porial hacmodynamics in patients with chronic liver disease.
Am 1 Gastroenterol 1985; 80: 132 - 33,

Moriyasu F, Ban N, Nishida O, et al . Clinical applicatio of an
ultrasonic duplex system in thc quantilative measurement of
portal blood flow. J Clin Ultrasound 1986; |4: 579 - 88.

27




Indra Marks, RA. Gan), M. Simadibrata, C. Manan: Non-Invasive Assessment and Evaluation of Portal Hypertension in Patients with Liver Cirrhosis

17.

18.

28

Taourel P, Blanc P, Dauzat M. et al. Doppler study of mesentric,
hepalic and porial circulation in alcoholic cirrhosis: relationship
between quantilative Doppler measurements and the severity
of portal hypertension end hepatic failure. Hepatology 1998,
28; 932-36.

Tamada T, Moriyasu F, Ono S, et al. Portal blood flow: mez-
surement with MR Imaging. Radiology 1989; 173: 639 - 44.
Lafortune M, Marleau D, Breton G, et al. Portal venous system
measurements in portal hypertension. Radiology 1984; 151:27-
30

20.

21.

22,

Gaiani S, Bolondi L, Li Bessi S, et al. Prevalence of spontaneus
hepatofugal porial flow in liver cihosis. Gastroenterology
1591; 100169 - 7.

Alvarez D, Golombek D, Lopez P, er al, Diurnal fluctuations of
portal and systemic haemodynamic parameters in paticnts with
cirrhosis. Hepatology, 1994, 20: 1198 - 203,

Gaiani S, Bolondi L, Li Bassi §, et al. Effect of meal on portal
haemodynamics in healthy human and in patients with chronic
liver disease. Hepatology 1989; 9: 815 - 19.

The Indonesian Journal of Gastroenterology Hepatology and Digastive Endoscopy




