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Hepatic venous pressure gradient measurement in patients with liver
cirrhosis: a correlation with disease severity and variceal bleeding
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Summary. The aim of present study was to evaluate relationships between degree of portal
hypertension, severity of the disease, and bleeding status in patients with liver cirrhosis.

Patients and methods. All study patients with liver cirrhosis underwent hepatic venous pressure
gradient measurements, endoscopy, clinical and biochemical evaluation. Liver function was
evaluated according to Child-Turcotte-Pugh (Child 5) scoring system. Patients with decompensated
cirrhosis (presence of severe ascites, acute variceal bleeding occurring within 14 days, hepatorenal
syndrome, cardiopulmonary disorders, transaminase levels > 10 times higher the upper normal
limit), active alcohol intake, use of antiviral therapy and/or beta-blockers were excluded from
the study.

Results. One hundred twenty-eight patients with liver cirrhosis (male/female, 67/61; mean
age, 53.8+12.7 years) were included into the study. Etiology of cirrhosis was viral hepatitis,
alcoholic liver disease, cryptogenic and miscellaneous reasons in 57, 49, 14, and 8 patients,
respectively. Childs stages A, B, and C of liver cirrhosis were established in 28 (21.9%), 70
(54.9%), and 30 (23.4%) patients, respectively. The mean hepatic venous pressure gradient
significantly differed among patients with different Child s classes: 13.8+5.3 mm Hg, 17.3+4.6
mm Hg, and 17.7+5.05 mm Hg in Childs A, B, and C classes, respectively (P=0.003). The mean
hepatic venous pressure gradient in patients with grade I, I, and Il varices was 14.8+4.5, 16.1+4. 3,
and 19.3+4.7 mm Hg, respectively (P=0.0001). Since nonbleeders had both small and large
esophageal varices, patients with large varices were analyzed separately. The mean hepatic
venous pressure gradient in patients with large (grade Il and I11) varices was significantly higher
than that in patients with small (grade I) varices (17.8+4.8 mm Hg vs 14.6+4.8 mm Hg, P=0.007).
Thirty-four (26.6%,) patients had a history of previous variceal bleeding; all of them had large
(20.6% — grade 1I, and 79.4% — grade IIl) varices. In patients with large varices, the mean
hepatic venous pressure gradient was significantly higher in bleeders than in nonbleeders
(18.7+4.7 mm Hg vs 15.9+4.7 mm Hg, P=0.006).

Conclusions. Hepatic venous pressure gradient correlates with severity of liver disease, size
of varices, and bleeding status. Among cirrhotics with large esophageal varices, bleeders have a
significantly higher hepatic venous pressure gradient than nonbleeders. Hepatic venous pressure
gradient measurement is useful in clinical practice selecting cirrhotic patients at the highest risk
of variceal bleeding and guiding to specific therapy.

Introduction

Portal hypertension is one of the main conse-
quences of cirrhosis. It results from a combination of
increased intrahepatic vascular resistance and increas-
ed blood flow through the portal venous system. In-
creased cardiac output and decreased systemic vas-
cular resistance (1) result a hyperdynamic circulatory
state with splanchnic and systemic arterial vasodila-

tion. Splanchnic arterial vasodilation leads to increas-
ed portal blood flow, which in turn leads to more seve-
re portal hypertension. Splanchnic arterial vasodilation
results from an excessive release of endogenous vaso-
dilators such as nitric oxide, glucagon, and active va-
sointestinal peptide.

The direct measurement of portal pressure is an
invasive procedure associated with significant morbi-
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dity. Measurement of the hepatic venous pressure gra-
dient (HVPG; the difference between wedged and free
hepatic venous pressure) is a simple, safe procedure,
and it accurately reflects the portal pressure in patients
with liver cirrhosis (2—4). It is now well established
that portal pressure must increase above a threshold
value of 12 mm Hg for variceal bleeding to occur (5,
6). In addition, there is conclusive evidence that a fall
in HVPG to values below 12 mm Hg, or by more than
20%, significantly reduces the risk of first variceal
bleeding as well as rebleeding (7—10).

The impairment of liver function as determined
by the Child-Turcotte-Pugh (Child’s) score is an im-
portant predictive factor for variceal hemorrhage (11).
An improvement in Child’s score is associated with a
decrease in HVPG (8, 9). However, the relationship
between Child’s status and HVPG is not well investi-
gated. It has been observed that the risk of first bleed-
ing in patients with small varices and Child’s class C
disease is higher than that of patients with large varices
and Child’s class A disease (11). These studies, ho-
wever, were not supported by the HVPG measure-
ments.

In fact, there is a paucity of large studies evaluating
portal pressure parameters and their correlation with
clinical and endoscopic signs of portal hypertension.
We carried out this study in order to evaluate the rela-
tionship of baseline HVPG to Child’s status, size of
esophageal varices, and presence of episodes of vari-
ceal bleeding in cirrhotic patients.

Patients and methods

The patients admitted to the Department of Gastro-
enterology, Hospital of Kaunas University of Medi-
cine, between 2006 and 2008 were included into the
study. Diagnosis of liver cirrhosis was confirmed by
biopsy. The exclusion criteria were as follows: pre-
sence or a history of hepatic encephalopathy, spon-
taneous bacterial peritonitis, hepatorenal syndrome,
hepatocellular carcinoma (diagnosed with an o-feto-
protein level of >400 ng/mL with a lesion in the liver
detected using an imaging technique or by histology);
underlying severe cardiac, respiratory, or psychiatric
illness, or a Child’s score of >12. Patients with noncir-
rhotic portal hypertension and patients receiving [3-
blockers, nitrates, or any other pharmacotherapy for
prevention of variceal bleeding were also excluded
from the study.

HVPG measurement

HVPG was measured by introducing a 5-Fr trans-
femoral sheath into a major hepatic vein through the
right femoral vein. The catheter was advanced until
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it was wedged into the hepatic vein. The criteria of
Groszmann and Bosch (12, 13) were used to confirm
adequate wedging. The occluded position of the ca-
theter was checked by the absence of reflux after the
injection of 2 mL of contrast medium and appearance
of a sinusoidogram. A mean of three readings was
taken for further analysis. If there was a difference of
more than 1 mm Hg between the readings, all the
recordings were discarded and fresh readings were
taken. An attempt was made to cannulate the right
hepatic vein for all pressure measurements.

Definitions

Esophageal varices were classified at endoscopy
according to commonly employed system of classifi-
cation: F1, small straight varices; F2, enlarged tortuous
varices that occupy less than one-third of the lumen;
and F3, large coil-shaped varices that occupy more
than one-third of the lumen (11). A history of variceal
bleeding was established from previous medical
records and defined according to BAVENO 1V criteria
(6) as active bleeding, “white nipple,” or a clot seen
at endoscopy, or blood in the stomach in a patient with
esophageal varices and no other potential bleeding
source.

Statistical analysis

Quantitative data were expressed as mean+=SD and
were compared using Mann-Whitney test. Qualitative
data were analyzed by the chi-square test or Fisher’s
exact test. Statistical analysis was done using SPSS
12 software package. Statistical significance was set
at P<0.05.

Results

Demographic profile of the patients studied is pre-
sented in Table. One hundred twenty-eight patients
with liver cirrhosis were included into the study. One
hundred (78.1%) of them had advanced Child’s class
B or C liver disease. In the majority of the patients,
cirrhosis of the liver was caused by chronic hepatitis
B or C infection (44.5%) and alcohol (38.3%). Ninety-
four (73.4%) patients were nonbleeders, while the
remaining had bleeding from the varices in the past.
Ascites was present in 70 (54.7%) patients.

Hepatic venous pressure gradient and

Child’s status

Baseline HVPG was evaluated in all study patients
and was correlated with Child’s status of the patients.
The mean HVPG in patients with Child’s class A
cirrhosis was 13.8+5.3 mm Hg, whereas in patients
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Table. Demographic profile of the study

population

Total number of patients 128
M:F 67:61
Mean age (yr) 53.8+12.7
Etiology

Viral 57 (44.5%)

Alcohol 49 (38.3%)

Cryptogenic 14 (10.9%)

Miscellaneous 8 (6.3%)
Child’s classes

A 28 (21.87%)

B 70 (54.69%)

C 30 (23.44%)
Nonbleeders 94 (73.44%)
Bleeders 34 (26.56%)

with Child’s class B and C disease, it was 17.3+4.6
and 17.7+5.0 mm Hg, respectively (P=0.003; Fig. 1).
HVPG was higher in both Child’s B and C patients
compared with Child’s A cirrhotics (P<0.01). The
difference comparing cirrhotic patients with Child’s
classes B and C disease was not statistically significant

(P>0.05).

HVPG and variceal size

Out of the 128 patients, 89 (69.5%) had large
esophageal varices. The variceal size showed a good
correlation with the HVPG levels (Fig 2): the mean
HVPG in patients with grade I, I1, and III varices were
14.8+4.5, 16.1+4.3, and 19.3+4.7 mm Hg, respectively
(P=0.0001). The mean HVPG in patients with large
(grade II and III) varices was significantly higher than
that in patients with small (grade I) varices (17.8+4.8
mm Hg vs 14.6+4.8 mm Hg, P=0.007).

HVPG and variceal bleeding status

Thirty-four (26.6%) patients had a history of
previous variceal bleeding; all of them had large
(20.6% — grade IT and 79.4% — grade III) varices. Since
nonbleeders had both small and large esophageal
varices, patients with large varices were analyzed
separately. There were 34 (38.2%) variceal bleeders
and 55 (61.8%) nonbleeders in the group of patients
with large varices. The mean HVPG in bleeders vs
nonbleeders with large varices was 18.7+5.5 mm Hg
and 15.9+4.7 mm Hg, respectively (P=0.000).

Discussion

The prognostic value of HVPG has been clearly
demonstrated in different clinical situations of chronic
liver disease (14, 15). The influence of baseline HVPG
values on other important determinants of portal

17.3+4.6*
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Fig. 1. Hepatic venous pressure gradient (HVPG) levels according to Child’s classes
in patients with liver cirrhosis (P=0.003)

*P=0.002, comparing patients with Child’s class A and B disease;
**P=(0.003, comparing patients with Child’s class A and C disease.
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Fig 2. Hepatic venous pressure gradient (HVPG) levels according to variceal size
in cirrhotic patients (P=0.0001)
*P=0.001, comparing patients with grade I and grade III varices;
**P=(0.002, comparing patients with grade II and grade III varices.

hypertension and chronic liver disease has still not
been well studied, especially in a large cohort of cir-
rhotics with varying etiology.

The results of this study clearly emphasize the
clinical relevance of measuring HVPG in patients with
cirrhosis of the liver. The HVPG was significantly
higher in patients with Child’s class B and C diseases
compared with Child’s A patients. This observation
has clinical relevance and indicates that the rise in
HVPG correlates with the severity of liver disease.
Child’s C cirrhotics also had a higher HVPG compared
to Child’s B but the difference did not reach statistical
significance. It needs to be determined whether these
elevated pressures influence the outcome of the di-
sease predominantly due to elevated pressure.

Gastroesophageal varices are present in approxi-
mately 50% of cirrhotic patients, whereas the lifetime
prevalence of varices is 80-90% (16, 17). Variceal
hemorrhage occurs in 25-40% of patients with cirrho-
sis (18). However, there are not many data on the
relation between variceal size and baseline HVPG. In
the present study, the HVPG was compared between
patients with small and those with large varices. The
mean HVPG was significantly higher in patients with
large varices compared to patients small varices. This
is an important observation for clinical applications.
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It is known that cirrhotics with an HVPG below
12 mm Hg rarely bleed (5, 6). In addition, there is
conclusive evidence that a reduction of HVPG below
12 mm Hg protects the patient from the risk of variceal
bleeding (7-10, 19). However, there is controversy
whether the mean HVPG is different between bleeders
and nonbleeders. While all bleeders had large varices,
nonbleeders had both small and large varices, and this
may be considered as a confounding variable in the
analysis. To eliminate this, we compared the HVPG
levels in patients only with large varices with or wit-
hout variceal bleeding. The HVPG was still signifi-
cantly higher in bleeders compared with nonbleeders.
These observations support the basic concept of a re-
duction in portal pressure to prevent growth of varices,
first and recurrent variceal bleeding in patients with
cirrhotic portal hypertension (16). Recurrent variceal
bleeding is very frequent after the first variceal he-
morrhage, and pharmacological therapy is the first-
choicetreatment. Recently, baseline and repeat measu-
rements of HVPG have been considered necessary to
optimally manage patients receiving pharmacological
therapy so as to reduce the frequency of rebleeding.

Thus, clinical relevance and correlations of HVPG
in several important aspects of chronic liver diseases
still remain to be fully studied. The degree of HVPG



12 Vilma Silkauskaité, Andrius Pranculis, Dalia Mitraiteé, et al.

reduction after pharmacological treatment predicts the
probability of rebleeding, ascites, peritonitis, hepato-
renal syndrome, encephalopathy, and death (2, 20).
Finally, there is evidence that HVPG has prognostic
value in complications of cirrhosis and survival of
patients with alcoholic liver cirrhosis (3, 4). However,
the clinical validity and applicability of monitoring
for target HVPG reductions is not sufficiently proven
and needs to be specifically evaluated in prospective
trials.

Conclusions

The severity of portal hypertension correlates
with severity of liver disease, size of varices, and
bleeding status. Among cirrhotics with large esopha-
geal varices, bleeders have significantly higher hepatic
venous pressure gradient than nonbleeders. Hepatic
venous pressure gradient measurements are useful in
clinical practice selecting cirrhotic patients at the
highest risk of variceal bleeding and guiding to
specific therapy.

Kepeny veny spaudimo gradiento matavimas kepenuy ciroze sergantiems pacientams:
rySys su kepeny ligos sunkumo laipsniu ir varikoziniu kraujavimu
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Raktazodziai: kepeny venu spaudimo gradientas; varty venos hipertenzija; varikozinis kraujavimas; Child-
Turcotte-Pugh sistema.

Santrauka. Tyrimo tikslas. [vertinti ry§j tarp varty venos hipertenzijos, kepenu ligos sunkumo laipsnio ir
varikozinio kraujavimo sergantiesiems kepenu ciroze.

Metodai. Pacientams iSmatuotas kepeny veny spaudimo gradientas (HVSG), atliktas endoskopinis, klinikinis
bei biocheminiai tyrimai. Kepeny ligos sunkumo laipsnis vertintas pagal ,,Child-Turcote-Pugh* (Child)
vertinimo sistema. | tyrima neijtraukti dekompensuota kepeny ciroze sergantys pacientai (didelis ascito kiekis,
varikozinis kraujavimas per paskutines 14 diemy, hepatorenalinis sindromas, gretutinés Sirdies, kvépavimo
ligos, daugiau kaip 10 padidéjusios transaminazés), nesaikingai vartojantys alkoholinius gérimus, gydomi
priesvirusiniais vaistais ir (ar) beta blokatoriais.

Rezultatai. 128 kepeny ciroze sergantys pacientai (67 vyrai ir 61 moteris; amziaus vidurkis — 53,8+12,7
mety) itraukti | tyrima. Kepeny cirozés priezastys: virusinis hepatitas, alkoholiné kepeny liga, kriptogeniné ir
kitos priezastys atitinkamai — 57/49/14/8 pacientams. Child A, B ir C klasiy kepeny ciroz¢ diagnozuota
atitinkamai 28 (21,9 proc.)/70 (54,9 proc.)/30 (23,4 proc.) pacientams. Vidutinis HVSG reik§mingai skyrési
tarp skirtingu Child klasiy pacienty: 13,8+5,3 mmHg; 17,3+4,6 mmHg; 17,7+5,05 mmHg, atitinkamai Child
A, B ir C klasése (p=0.003). Vidutinis HVSG pacientams, kuriems diagnozuota I/II/III laipsnio stemplés
varikozé buvo atitinkamai— 14,844,5/16,1+4,3/19,3+4,7 mmHg (p=0,0001). Kadangi anks¢iau nekraujavusiems
pacientams rastos ir mazos, ir didelés stemplés varikozinés venos, pacientai, kuriems nustatyta didelio laipsnio
stemplés varikozé, analizuoti atskirai. Vidutinis HVSG pacientams, kuriems nustatyta didelio (I ir III) laipsnio
stemplés varikozé, buvo reikSmingai (p=0,007) didesnis nei pacientams, kuriems nustatyta maza (I laipsnio)
varikozé (17,8+4,8 mmHg vs 14,6+4,8 mmHg). Buves varikozinis kraujavimas dokumentuotas 34 (26,6 proc.)
pacientams; visiems rasta didelé (20,6% — II laipsnio ir 79,4 proc. — III laipsnio) stemplés varikozé. Tarp
pacienty, kuriems nustatyta didelé stemplés varikozé, vidutinis HVSG buvo reikSmingai didesnis kraujavu-
siems (18,7+4,7 mmHg vs. 15,9+4,7 mmHg; p=0,006) nei nekraujavusiems pacientams.

Isvados. Kepenu veny spaudimo gradientas koreliuoja su kepeny ligos sunkumo laipsniu, stemplés varikozés
dydziu ir varikoziniu kraujavimu. Tarp kepenu ciroze serganciy pacienty, kuriems nustatyta didelé stemplés
varikozé, kraujavusiyjy HVSG reik§mingai didesnis nei nekraujavusiyjy. HVSG matavimas naudingas
klinikingje praktikoje atrenkant kepeny ciroze sergancius pacientus, kuriems yra didziausia varikozinio
kraujavimo rizika, ir taikant jiems specifini gydyma.

Adresas susiraginéti: V. Silkauskaité, KMU Gastroenterologijos klinika, Eiveniy 2, 50009 Kaunas
El. pastas: vilmasilkauskaite(@yahoo.com.

Medicina (Kaunas) 2009, 45(1)


mailto:vilmasilkauskaite@yahoo.com

Hepatic venous pressure gradient measurement in patients with liver cirrhosis

13

References
Menon KV, Kamath PS. Regional and systemic hemodynamic
disturbances in cirrhosis. Clin Liver Dis 2001;5:617-27.

response to continued pharmacological therapy in patients with
cirrhosis and portal hypertension. Hepatology 2000;31:1061-

2. Bellis L, Castellacci R, Montagnese F, Festuccia F, Corvisieri 7.
P, Puoti C. Hepatic venous pressure gradient determination  11. The North Italian Endoscopic Club for the Study and
in patients with hepatitis C virus-related and alcoholic cir- Treatment of Esophageal Varices. Prediction of the first
rhosis. Eur J Gastroenterol Hepatol 2003;15:1085-9. variceal hemorrhage in patients with cirrhosis of the liver and
3. Perello A, Escorsell A, Bru C, Gilabert R, Moitinho E, Garcia- esophageal varices. A prospective multicenter study. N Engl
Pagan JC, et al. Wedged hepatic venous pressure adequately J Med 1988;319:983-9.
reflects portal pressure in hepatitis C virus-related cirrhosis.  12. Groszmann RJ, Wongcharatrawee S. The hepatic venous
Hepatology 1999;30:1393-7. pressure gradient: anything worth doing should be done right.
4. Sarin SK, Sethi KK, Nanda R. Measurement and correlation J Hepatol 2004;39:280-2.
of wedged hepatic, intrahepatic, intrasplenic and intravariceal ~ 13. Bosch J, Garcia-Pagan JC, Berzigotti A, Abraldes JG.
pressures in patients with cirrhosis of liver and non-cirrhotic Measurement of portal pressure and its role in the management
portal fibrosis. Gut 1987;28:260-6. of chronic liver disease. Semin Liver Dis 2006;26:348-62.
5. Viallet A, Marleau D, Huet M, Martin F, Farley A, Villeneuve 14. Garcia-Tsao G, Groszmann RJ, Fisher RL, Conn HO, Atter-
JP, et al. Hemodynamic evaluation of patients with intrahepatic bury CE, Glickman M. Portal pressure, presence of gastroeso-
portal hypertension. Relationship between bleeding varices phageal varices and variceal bleeding. Hepatology 1985;5:
and the portohepatic gradient. Gastroenterology 1975;69: 419-24.
1297-300. 15. Luca A, Cirera I, Garcia-Pagan JC, Feu F, Pizcueta P, Bosch
6. de Franchis R. Evolving consensus in portal hypertension. J, et al. Hemodynamic effects of acute changes in intra-
Report of the Baveno IV consensus workshop on methodology abdominal pressure in patients with cirrhosis. Gastroente-
of diagnosis and therapy in portal hypertension. J Hepatol rology 1993;104:222-7.
2005;43:167-76. 16. Lay CS, Tsai YT, Teg CY, Shyu WS, Guo WS, Wu KL, et al.
7. Casado M, Bosch J, Garcia-Pagan JC, Bru C, Baflares R, Bandi Endoscopic variceal prophylaxis of first variceal bleeding in
JC, et al. Clinical after following transjugular intrahepatic cirrhotic patients with high-risk esophageal varices. Hepa-
portosystemic shunt: correlation with hemodynamic findings. tology 1997;25:1346-50.
Gastroenterology 1998;114:1296-303. 17. D’ Amico G, Pagliaro L, Bosch J. Pharmacological treatment
8. Groszmann RJ, Bosch J, Grace ND, Conn HO, Garcia-Tsao of portal hypertension: an evidence-based approach. Semin
G, Navasa M, et al. Hemodynamic events in a prospective Liver Dis 1999;19:475-505.
randomized trial of propranolol versus placebo in the preven-  18. Grace ND. Prevention of initial variceal hemorrhage. Gastro-
tion of a first variceal hemorrhage. Gastroenterology 1990; enterol Clin North Am 1992;21:149.
99:1401-7. 19. Villanueva C, Minana J, Ortiz J, Gallego A, Soriano G, Torras
9. Vorobioff J, Groszmann RJ, Picabea E, Gamen M, Villavi- X, et al. Endoscopic ligation compared with combined
cencio R, Bordato J, et al. Prognostic value of hepatic venous treatment with nadolol and isosorbide mononitrate to prevent
pressure gradient measurements in alcoholic cirrhosis: a 10- recurrent variceal bleeding. N Engl J Med 2001;345:647-55.
year prospective study. Gastroenterology 1996;111:701-9. 20. Thalheimer U, Triantos CK, Samonakis DN, Patch D, Bur-
10. Escorsell A, Bordas JM, Castaneda B, Llach J, Garcia-Pagan roughs AK. Infection, coagulation, and variceal bleeding in

JC, Rodes J, et al. Predictive value of the variceal pressure

cirrhosis. Gut 2005;54:556-63.

Received 24 September 2008, accepted 6 January 2009
Straipsnis gautas 2008 09 24, priimtas 2009 01 06

Medicina (Kaunas) 2009, 45(1)



