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ABSTRACT
Pharmacological therapy of portal hypertensión can be accomplished according to different objectives.
Among them, pre-primary prophylaxis aims to avoid / delay esophageal varices development while the target of primary prophylaxis is protection against first variceal bleeding. Hepatic venous pressure gradient
(HVPG) measurement closely reflects portal pressure in most liver diseases whith predominant sinusoidal
network involvement. Clinical-hemodynamic correlations have been demonstrated in both pre-primary and
primary prophylatic therapy, allowing to establish HVPG measurement as a predictive parameter, not only
regarding variceal growth and bled but also of liver disease evolution and other portal hypertensive related complications.
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BACKGROUND
Hepatic venous pressure gradient (HVPG) measurement should be considered one of the main prognostic parameters in chronic liver diseases.1 Even at
early stages (HVPG: 6 to 10 mmHg) or once clinically
significant portal hypertension (HVPG ≥ 10 mmHg)
is present, either spontaneous or therapeutically
induced changes in HVPG have significant predictive
value.2-9
At different scenarios the HVPG is closely related
to clinical outcomes. Therefore, esophageal varices
development/growth/regression, the development of
ascites and encephalopathy and also the risk of hepatocellular carcinoma (HCC) have been related to
HVPG in compensated cirrhotic patients.2-5,9 Once
esophageal varices have developed, HVPG cut-off values are a reliable target aimed at therapeutic outcomes, such as a decrease in both first and recurrent

variceal bleeding risk.6,8,10,11 Moreover, during chronic treatment of portal hypertension, responders
(e.g. patients in whom HVPG decreases ≥ 20%
from baseline value or to ≤ 12 mmHg) have a significant reduction of portal hypertensive related
complications6,12-14 and improved survival.6,13,14 Additionally, during acute variceal bleeding, early HVPG
measurement is a helpful prognostic and decisionmaking parameter.15-18 Besides, HVPG is useful in
the preoperative assessment of patients with HCC.19
and also in monitoring the evolution of viral infections and their therapy.20,21
In summary, HVPG measurement is a safe and
accurate procedure, providing valuable diagnostic/
prognostic information and help for making therapeutic decisions. Portal pressure measured by the
HVPG may be as close as we can come to a validated
surrogate outcome in hepatology.22
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This technique was originally developed in 1951
by Myers and Taylor, who used a straight catheter
to wedge it in the hepatic vein.23 In 1979, Groszmann, et al. introduced a technique that was based
in using a ballon catheter to wedge (occlude) the hepatic vein. With minor differences from the original
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description this is the technique that is being used
today. 24 There are several advantages of using a
balloon catheter to perform the HVPG, including
that unlike conventional catheters where the Wedged Hepatic Vein Pressure (WHVP) is measured in a
small hepatic venule, the balloon catheter allows
measurement in the hepatic veins at the lobar and
sublobar levels. This allows the investigator to obtain pressures in several segments of the liver and
then to average them in order to more closely represent the true Portal Venous Pressure (PVP). Also,
and perhaps the most important feature of this technique, is that serial measurements of free hepatic
venous pressure (FHVP) and WHVP can be obtained
using the same catheter, inflated and deflated as
needed. This is very important in the study of the
effects of drugs, because it is necessary to have a
catheter that could be left in place for 1 or 2 h and
that could be used to obtain several determinations
of HVPG without having to advance or withdraw
the catheter to obtain measurements. Withdrawing
and advancing the catheter could lead to catheter
contamination and loss of reproducibility. The procedure of measuring HVPG has proven extremely
safe and the rate of successful hepatic catheterization is greater than 95%.25 It took many years for
this technique to come into widespread use, but it is
now used by most of the centers that perform these
hepatic hemodynamic measurements worldwide.
Recently, the theoretical advantages of the
balloon catheter have been clearly established.
The results of this controlled study significantly favour balloon catheter versus straight catheter, both
in accuracy and reliability terms.26 In summary,
strictly following accepted guidelines will allow
obtaining reliable and reproducible measurements.27

HVPG MEASUREMENT
IN PRE-PRIMARY PROPHYLAXIS
According to previously accepted definitions/recommendations,28,29 3 studies have been published in
the area of pre-primary prophylaxis.2,3,30 HVPG
measurement being performed in 2 of them.2,3 The
earliest one3 included 161 patients with small esophageal varices, that were randomized to nadolol (n:
83) or placebo. Variceal growth was the main endpoint evaluated. Nadolol was superior to placebo for
the prevention variceal growth. HVPG was measured at baseline and after 2 years in 19 patients (10
of them on nadolol). It decreased from 12.2 ± 1.1 to
11.0 ± 1.5 mmHg (p < 0.009) in patients receiving the
drug while it changed non-significantly (12.3 ± 1.3
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to 12.5 ± 1.1 mmHg) in patients on placebo. At 2
years HVPG was lower in patients on nadolol than
in those on placebo (p < 0.03).
In the other study,2 213 cirrhotic patients
without esophageal varices were included. After a
baseline evaluation, HVPG measurements were repeated yearly, while patients were on timolol (n:108)
or placebo (n:105). Neither the main end-points (development of esophageal varices/variceal hemorrhage) nor HVPG changes differed between patients on
drug or placebo. Nevertheless, clear clinical-hemodynamic correlations were established, that may be
useful in future studies and also clinical practice.
One of the most relevant is the definition of clinically
significant portal hypertension, manometrically
defined (i.e. a HVPG ≥ 10 mmHg), is by itself a
powerful prognostic predictor of portal hypertensive
related complications. Another important observation was that the incidence of primary and secondary endpoints was lower in patients whose HVPG
decreased > 10% during follow-up, regardless being
on timolol or placebo.
A recent post-hoc analysis of this study31 may
help in understanding the hemodynamic results. Although the global HVPG response to timolol was
not significant, this was not so when patients were
analyzed according to the absence/presence of clinically significant portal hypertension at inclusion. In
fact, the absence of baseline CSPH (n:30 pts) implied a hemodynamic non-response (HVPG: 7.5 ±
0.2 to 7.5 ± 0.5 mmHg; p < 0.56) while its presence
(n:42 pts) allowed to observe a significant response
(HVPG: 14.5 ± 0.6 to 12.5 ± 0.6 mmHg; p < 0.002)
at one year. These results may suggest that baseline
HVPG levels may be a guide for considering different therapeutic strategies (specially those vasoactive related) in pre-primary prophylaxis of esophageal
varices.

HVPG MEASUREMENT IN
PRIMARY PROPHYLAXIS
Clinical-hemodynamic correlations
HVPG measurement has been recommended for
the assessment of pharmacological prophylactic
treatment in portal hypertension.32,33 Accordingly, a
baseline and a long-term evaluation study must be
performed. Time interval between these 2 studies is
relevant. Previous studies, including more than 200
patients in whom 2 hemodynamic evaluations were
performed, reported a wide variability for this period
mean range: 19-120 days. 11,34-36 Nevertheless, it
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seems reasonable that time elapsing between both
HVPG measurements should be as short as possible,
3 to 4 weeks when feasible. This interval is necessary enough to reach the highest stable drug/s dose/s
necessary for long-term treatment and to reduce the
proportion of patients in whom bleeding may occur
before the second hemodynamic investigation.11
In the above mentioned studies, treatment assigned was single drug based in 2 (β-blockers)6,35 and
combined (β-blockers + nitrates) in the
others.14,34,36 HVPG changes allowed the definition
of 2 different populations: “responders” and “nonresponders”, both closely related to clinical outcomes. Responders are patients in whom HVPG
decreases to ≤ 12 mmHg or at least 20% from baseline (regardless their final value is ≤ or > 12 mmHg).
Bleeding risk is nearly abolished when the HVPG is
≤ 12 mmHg and significantly reduced when a 20%
reduction is obtained. On the other side, non-responders are patients in whom neither of these hemodynamic targets are reached, and therefore maintain
their bleeding risk.11 A remarkable issue is that the
responder status assures long-term protection for
first variceal bleeding,14 provided drug intake is not
discontinued.37 Moreover, on the same long-term basis, responders are significantly protected from
other portal hypertension related complications,
such as SBP and bacteremia.14
In summary, monitoring HVPG response to therapy is crucial in predicting therapy efficacy. Patients achieving a reduction in the HVPG of ≥ 20%
have a very low bleeding risk during the next 2 to 3
years (~5%). If the HVPG is reduced to ≤ 12 mmHg
the risk of bleeding is close to zero.
Is there a hypothetical
explanation for the protective effects of
decreasing HVPG at least 20% or to ≤ 12 mmHg?
As mentioned before, after “responder” status
achievement, bleeding risk is substantially diminished (a reduction in HVPG of ≥ 20%) or virtually
abolished (a reduction in HVPG to ≤ 12
mmHg).6,8,10-14 Nevertheless, reasons for these arbitrary seeming cut-off levels derived benefits remain
unknown. Why should a ≥ 20% reduction may be
such highly protective? A guide to an hypothetical
answer may be the portal pressure response to certain specific stimulus. It is well known that under
some circumstances (such as physical excercise,
alcohol intake and/or eating) portal pressure may
increase up to 20%. These sudden increases, in an
already hypertensive territory, could be involved in
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esophageal variceal rupture and bleeding by increasing variceal wall tension.38-41 Accordingly, 30 to 60
min after a meal, a baseline HVPG of 20 mmHg may
increase up to 24 mmHg. In this specific case, after
a successful 20% reduction, the new baseline would
be 16 mmHg and then, a similar stimulus will rise
the HVPG to 19.2 mmHg. At least mathematically
speaking, as long as the 20% reduction is sustained,
the HVPG wont ever reach even the pre-treatment
baseline level, and this rules for any considered portal pressure value.
And why is protection almost complete when
HVPG is ≤ 12 mmHg? Is this level accomplishment
exclusively dependent of vasoactive effects on splanchnic circulation, or an intra-hepatic effect (sometimes
including liver disease improvement) may be involved? The increased amount of responders seen when
beta-blockers are combined with drugs reducing
porto-collateral/intrahepatic resistance would support this contemption.42-44 Another intrahepatic
contributing mechanism to be considered is the hepatic artery.45 The influence of hepatic arterial flow
on sinusoidal resistance after beta-blocker administration could be another potential player in the degree of the HVPG response. And finally, which level
of sinusoidal resistance determines the dissapearance of the physiological porto-sinusoidal gradient? In
other words, which is the cut-off level at which both
sinusoidal and portal pressure equalize? Are patients protected as this gradient is maintained? Although measurement of hepatic vein occluded
(wedged) pressure in liver cirrhosis closely reflects
portal vein pressure,46,47 it is not known if this is so
during “clinically non-significant or mild portal hypertension” (a HVPG > 6 mmHg but ≤ 10 mmHg)
period. Interestingly, both HVPG cut-off levels for
complication/decompensation development in chronic liver disease (> 10 mmHg) and variceal bleeding
protection (< 12 mmHg) are within a narrow boundary area which may be hypothetically close to that
equalizing point.
Is HVPG response to
acute drug administration predictive of a
sustained hemodynamic response?
HVPG measurement is invasive, costly and not
always available. If therapeutic outcomes could be
predicted from a single HVPG evaluation, acceptability and feasibility may increase.
In a recent study, HVPG response was assessed
20’ after propranolol (0.15 mg/Kg I.V.) in 166
patients (78 of them without previous bleeding).
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A ≥ 12% HVPG reduction was the best cut-off value
for predicting first variceal bleeding (65% sensitivity
and 64% specificity). Accordingly, 54/78 (69%) patients were responders and 24 (31%) were not. Probability of developing a portal hypertensive-related
bleeding was half in responders than in non-responders. A cut-off value in HVPG reduction to ≤ 12
mmHg or ≥ 20% would have underestimated the
number of acute responders. A second HVPG measurement was performed in 51/166 patients and response was sustained in 30/51 (59%). However, a
separate analysis for patients on primary prophylaxis in this group was not reported.48
Another recent study, evaluated HVPG response
20’ after propranolol (0.15 mg/Kg I.V.) in 105 patients (all previous non-bleeders). A ≥ 10% HVPG
reduction was the best cut-off value for predicting
variceal bleeding (81% sensitivity and 80% specificity). At baseline study, 75/105 (71%) patients were
responders and 30 (29%) were not. Sixteen patients
(15%) bled during follow-up. Acute responders had a
lower probability of bleeding than non-responders
(4% vs. 46%, respectively; p < 0.001) at 24 months.
Patients decreasing their HVPG ≥ 20% at the baseline study had also a lower probability of bleeding
than those decreasing ≤ 20% (5% vs. 22% at 2 years;
p < 0.003). However, having used this standard criteria would have underestimated responders (35%
vs. 71% when using the 10% decrease; p < 0.001). A
second HVPG measurement was performed in 73/
105 patients. Response was sustained in 45/53 (83%)
acute responders while it was not in 8 (15%). On the
other hand, baseline non-response was maintained
in 18/20 (90%) patients while 2 (10%) baseline nonresponders became responders. A significant correlation between acute and chronic changes in HVPG
was shown (r: 0.61; p < 0.01). It is suggested that a
reduction in HVPG of ≥ 10% from baseline is a better cut-off level to define response than a reduction
of ≥ 20%.49
Agreement/disagreement between acute and chronic HVPG response to β-blockers has been previously reported. In the earliest publication, including 18
cirrhotic patients (12 of them previous bleeders),
HVPG was assessed 60’ after propranolol (40 mg,
orally) and after long-term treatment (mean daily
dose: 158 ± 63 mg). Nine (50%) patients were acute
and 12/17 (71%) were long-term responders (HVPG
decrease of ≥ 10%). Acute response was sustained in
7/9 (78%) responders and in 3/8 (38%) baseline
non-responders. Two acute responders became nonresponders and 5 acute non-responders became responders.50
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More recently, HVPG response was assessed in
24 cirrhotic patients, 60’ to 90’ after nadolol (80
mg, orally) and after long-term treatment (mean daily dose: 72 mg). Eleven (46%) and 13 (54%) patients
were acute and long-term responders (≥ 20% HVPG
reduction or to ≤ 12 mmHg); respectively. Acute response was sustained in 5/11 (46%) and in 7/13
(54%) acute non-responders. Six acute responders
became non-responders and 6 acute non-responders
became responders.51
In summary, conventional criteria of HVPG response (a ≥ 20% reduction from baseline or to ≤ 12
mmHg) may not be a strictly required target for
prevention of first variceal bleeding, as smaller
reductions may be also protective. Nevertheless, assumption of a sustained or even greater HVPG
reduction during long-term treatment may not rely
exclusively on an acute (albeit favorable) hemodynamic response, but also on variables reflecting liver
disease evolution that may influence portal pressure,
beyond the effect.4,8,52

SUMMARY
Almost 15 years ago, HVPG measurement was recommended for monitoring cirrhotic patients, who
needed to be treated in order to prevent first variceal bleeding.28,29 At the 2005 Baveno Consensus
Meeting it was agreed that “Hepatic venous pressure gradient (HVPG) monitoring identifies patients
with cirrhosis who will benefit from non-selective
β-blocker therapy in primary prophylaxis.53 This
recommendation has not only been sustained but
also widened at the last Baveno Meeting.54
Patient identification itself may be an easy task,
but HVPG measurement is not widely available in
clinical practice, as invasiveness and limited feasibility are important conditioning factors. Although
this inconvenience may be partially overcome by
performing a single drug-response assessment, the
acute challenge strategy needs adequate validation
before standardizing new clinical-hemodynamic
correlations.55 Another issue to consider is that to
non-selective beta blockers benefitial effects may be
mediated through vasoactive mechanisms not predicted by HVPG measurement. It has been shown
that propranolol induces significant reductions in
azygos blood flow and variceal pressure, even in patients conventionally characterized as non-responders.56 Moreover, non-selective beta-blockers effect
on intestinal motility may decrease bacterial translocation, ameliorating the systemic hemodynamic
profile that negatively influences portal pressure in
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cirrhotic patients.57 Therefore, prophylactic effects
of beta-blockers on variceal bleeding may not be solely correlated with the degree of portal pressure reduction but on other mechanisms, also observed in
patients not reaching a HVPG reduction of ≥ 20% or
to ≤ 12 mmHg.58 This multifactorial background for
beta-blockers influence on splanchnic hemodynamics
may explain why some “responders” bleed and why
many “non responders” do not. So, there’s a “grey
zone” between both groups, where HVPG measurement may under-estimate other beta-blockers’ induced vasoactive effects and therefore, may not be as
predictable as needed.59 Therefore, answers (clinical
outcomes) in primary prophylaxis may exceed
nowadays adjusted hemodynamic definitions.
In summary, HVPG measurement for primary
prophylaxis is a rational but not a sine quanom recommendation for daily clinical practice. More strict
criteria should prevail in the context of clinical studies, according to the recommendations of both the
AASLD-EASL Meeting and Baveno V Consensus
Workshop.59,54
Regarding pre-primary prophylaxis, at the recent
Baveno V Consensus Workshop it was stated that
“pre-primary prophylaxis should only include patients without gastro-esophageal varices”.54 This redefinition was eagerly needed in order to unify
methodology and outcomes in this kind of trials.
Manometrically speaking, patients to be considered for pre-primary prophylaxis may have “sub-clinical portal hypertension” (a HVPG > 6 mmHg but
< 10 mmHg) or “clinically significant portal hypertension” (a HVPG > 10 mmHg).6 Regardless sharing a common treatment end-point, prognosis of
both groups is clearly different.4,6 Then, main inmediate end-points may also differ. For patients with
“sub-clinical portal hypertension” the more rational
objective would be to avoid/delay the development of
clinically significant portal hypertension. Once clinically significant portal hypertension is established,
HVPG itself is a strong predictive parameter for variceal formation/clinical decompensation.7,9 At the
aforementioned Meeting it was also stated that
“HVPG measurement in pre-primary prophylaxis
may be reccomended only in the context of clinical
trials” and that these studies may stratifie populations according to different risks (e.g. patients with
HVPG between 6-10 mmHg and those with HVPG
> 10 mmHg).54
Diagnosis at this stage of liver disease is a challenging issue. Subclinical/clinically significant portal hypertension may be assessed by a non-invasive
methodology, such as transient elastography, which
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seems reliable and may be a complementary tool at
both stages.60-63 Nevertheless, dynamic changes induced by treatment and/or disease evolution may
only be accurately evaluated by HVPG measurement. So, at this time, HVPG may still be the most
reliable and predictive parameter to assess diagnosis, to establish prognosis and to evaluate therapy
results.7,9,10 Finally, up to date, pre-primary prophylaxis has been limited to the administration of
non-selective beta blockers. 7,8,51 Given the lack
of responsiveness to these drugs in patients with
clinically non-significant portal hypertension,52 new
therapeutic strategies, based on the combination of
ethiology-related treatments, other vasoactive
agents and drugs targeting specific mechanisms
involved in liver damage and disease evolution may
be investigated at this early stage.64-67

ABBREVIATIONS
•
•
•
•
•

HVPG: Hepatic venous pressure gradient
HCC: Hepatocellular carcinoma
WHVP: Wedge hepatic vein pressure
PVP: Portal vein pressure
FHVP: Free hepatic vein pressure
REFERENCES

1. Vorobioff J. Hepatic venous pressure in practice. How,
when and why. J Clin Gastroenterol 2007; 41(Supp. 3):
S336-S343.
2. Groszmann RJ, García Tsao G, Bosch J, Grace ND, Burroughs AK, Planas R, Escorsell A, et al. Beta-blockers to
prevent gastroesophageal varices in patients with cirrhosis. N Engl J Med 2005; 353: 2254-61.
3. Merkel C, Marin R, Angeli P, Zanella P, Felder M, Bernardinello E, Cavallarin G, et al. A placebo-controlled clinical
trial of nadolol in the prophylaxis of growth of small esophageal varices in cirrhosis. Gastroenterology 2004; 127:
476-84.
4. Ripoll C, Groszmann RJ, García-Tsao G, Grace ND, Burroughs AK, Planas R, Escorsell A, et al. Hepatic venous
pressure gradient predicts clinical decompensation in patients with compensated cirrhosis. Gastroenterology
2007; 133: 481-8.
5. Ripoll C, Groszmann RJ, García-Tsao G, Bosch J, Grace ND,
Burroughs AK, Planas R, et al. Hepatic venous pressure
gradient predicts development of hepatocellular carcinoma independently of severity of cirrhosis. J Hepatol 2009;
50: 923-8.
6. Groszmann RJ, Bosch J, Grace N, Conn HO, Garcia-Tsao G,
Navasa M, Alberts J, et al. Hemodynamic events in a prospective randomized trial of propranolol versus placebo in
the prevention of a first variceal hemorrhage. Gastroenterology 1990; 99: 1401-7.
7. Merkel C, Bolognesi M, Bellon S, Zuin R, Noventa F, Finucci
G, Sacerdoti D, et al. Prognostic usefulness of hepatic
vein catheterization in patients with cirrhosis and esophageal varices. Gastroenterology 1992; 102: 973-9.

HVPG measurement in prophylaxis of variceal hemorrhage.

8. Feu F, García-Pagán JC, Bosch J, Luca A, Escorsell A, Rodés J, Terés J, et al. Relation between portal pressure response to pharmacotherapy and risk of recurrent variceal
hemorrhage in patients with cirrhosis. Lancet 1995; 346:
1056-9.
9. Vorobioff J, Groszmann RJ, Picabea E, Gamen M, Villavicencio R, Bordato J, Morel I, et al. Prognostic value of hepatic venous pressure gradient measurements in alcoholic
cirrhosis: A 10-year prospective study. Gastroenterology
1996; 111: 701-9.
10. D’Amico G, Pagliaro L, Bosch J. Pharmacological treatment
of portal hypertension: an evidence-based approach. Semin Liver Dis 1999; 19: 475-505.
11. D’Amico G, García-Pagán JC, Luca A, Bosch J. Hepatic vein
pressure gradient reduction and prevention of variceal
bleeding in cirrhosis: a systematic review. Gastroenterology 2006; 131: 1611-24.
12. Abraldes JG, Tarantino I, Turnes J, García-Pagan JC, Rodés J, Bosch J. Hemodynamic response to pharmacological
treatment of portal hypertension and long-term prognosis
of cirrhosis. Hepatology 2003; 37: 902-8.
13. Villanueva C, López-Balaguer JM, Aracil C, Kolle L, González B, Miñana J, Soriano G, et al. Maintenance of hemodynamic response to treatment for portal hypertension and
influenece on complications of cirrhosis. J Hepatol 2004;
40: 757-65.
14. Turnes J, García-Pagán JC, Abraldes J, Hernández-Guerra
L, Dell’Era A, Bosch J. Pharmacological reduction of portal
pressure and long-term risk of first variceal bleeding in
patients with cirrhosis. Am J Gastro 2006; 101: 506-12.
15. Vinel JP, Cassigneul J, Levade M, Voigt JJ, Pascal P. Assessment of short-term prognosis after variceal bleeding in
patients with alcoholic cirrhosis by early measurement of
portohepatic gradient. Hepatology 1986; 6: 116-17.
16. Moitinho E, Escorsell A, Bandi JC, Salmerón JM, García-Pagán JC, Rodés J, Bosch J. Prognostic value of early measurements of portal pressure in acute variceal bleeding.
Gastroenterology 1999; 117: 626-31.
17. Villanueva C, Ortiz J, Miñana J, Soriano G, Sàbat M, Boadas J, Balanzó J. Somatostatin treatment and risk stratification by continuous portal pressure monitoring during
acute variceal bleeding. Gastroenterology 2001; 121:
110-17.
18. Monescillo A, Martínez-Lagares F, Ruiz-del-Arbol L, Sierra
A, Guevara C, Jiménez E, Marrero JM, et al. Influence of
portal hypertension and its early decompression by TIPS
placement on the outcome of variceal bleeding. Hepatology 2004; 40: 793-801.
19. Bruix J, Castells A, Bosch J, Feu F, Fuster J, García-Pagán
JC, Visa J, et al. Surgical resection of hepatocellular carcinoma in cirrhotic patients: prognostic value of preoperative portal pressure. Gastroenterology 1996; 111:
1018-22.
20. Rincon D, Ripoll C, Lo Iacono O, Salcedo M, Catalina MV, Alvarez E, Núñez O, et al. Antiviral therapy decreases hepatic venous pressure gradient in patients with chronic
hepatitis C and advanced fibrosis. Am J Gastroenterol
2006; 101: 2269-74.
21. Carrion JA, Navasa M, García-Retortillo M, García-Pagán
JC, Crespo G, Bruguera M, Bosch J, et al. Efficacy of antiviral therapy on hepatitis C recurrence alter liver transplantation:
A
randomized,
controlled
study.
Gastroenterology 2007; 132: 1746-56.
22. Gluud C, Brok J, Gong Y, Koretz RL. Hepatology may have
problems with putative surrogate outcome measures. J
Hepatol 2007; 46: 734-42.

, 2013; 12 (1): 22-29

27

23. Myers JD, Taylor WJ. An estimation of portal venous pressure by occlusive catheterization of a hepatic venule. J
Clin Invest 1951; 30: 662-63.
24. Groszmann RJ, Glickman MC, Blei AT, Storer E, Conn HO.
Wedged and free hepatic venous pressure measured with
a balloon catheter. Gastroenterology 1979; 76: 253-58.
25. Bosch J, Mastai R, Kravetz D, Navasa M, Rodes J. Hemodynamic evaluation in patients with portal hypertension. Semin Liver Dis 1986; 6: 309-17.
26. Groszmann R, Wongcharatrawee S. The hepatic venous
pressure gradient: Anything worth doing should be done
right. Hepatology 2004; 39: 280-2.
27. Zipprich A, Winkler M, Seufferlein T, Dollinger MM. Comparison of balloon vs. straight catheter for the measurement of portal hypertension. Aliment Pharmacol Ther
2010; 32: 1351-56.
28. Merkel C, Escorsell A, Sieber CC, Lee FY, Groszmann RJ.
Pre-primary prophylaxis: Can (and should) we prevent the
formation and growth of varices? In: de Franchis R (ed.).
Portal Hypertension III. Proceedings of the Third Baveno
International Consensus Workshop on Definitions, Methodology and Therapeutic Strategies. Oxford: Blackwell
Science; 2001, p. 97-111.
29. Groszmann RJ, Merkel C, Iwakiri Y, Shah V, Shneider BL,
Zoli M, Berzigotti A, et al. Prevention of the formation of
varices (Pre-primary prophylaxis). In: de Franchis R (ed.).
Portal Hypertension IV. Proceedings of the Fourth Baveno
International Consensus Workshop on Methodology of
Diagnosis and Treatment. Oxford: Blackwell Science; 2006,
p. 103-151.
30. Calès P, Oberti F, Payen JL, Naveau S, Guyader D, Blanc P,
Abergel A, et al. Lack of effect of propranolol in the prevention of large oesophageal varices in patients with cirrhosis: a randomized trial. Eur J Gastroenterol Hepatol
1999; 11: 741-5.
31. Qamar AA, Groszmann RJ, Grace ND, Garcia-Tsao G, Burroughs AK, Bosch J. Lack of effect of non-selective betablockers on the hepatic venous pressure gradient (HVPG)
in patients with mild portal hypertension: a tail of two
studies. Hepatology 2010; 52 (Suppl.): 1020 A.
32. Ferayorni L, Polio J, Groszmann RJ. Drug therapy for portal hypertension: a 5-year review. In: de Franchis R (ed.).
Portal Hypertension II. Proceedings of the second Baveno
International Consensus Workshop on Definitions, Methodology and Therapeutic Strategies. Oxford: Blackwell
Science: 1996, p. 68-99.
33. Grace ND, Groszmann RJ, García-Tsao G, Burroughs A, Pagliaro L, Makuch RW, Bosch J, et al. Portal hypertension
and variceal bleeding: an AASLD single topic syposium. Hepatology 1998; 28: 868-80.
34. Merkel C, Bolognesi M, Sacerdoti D, Bombonato G, Bellini
B, Bighin R, Gatta A. The hemodynamic response to medical treatment of portal hypertension as a predictor of
clinical effectiveness in the primary prophylaxis of variceal bleeding in cirrhotic patients. Hepatology 2000;
32: 930-34.
35. Escorsell A, Bordas JM, Castañeda B, Llach J, García-Pagán
JC, Rodés J, Bosch J. Predictive value of the variceal
pressure response to continued pharmacological therapy
in patients with cirrhosis and portal hypertension. Hepatology 2000; 31: 1061-7.
36. Bureau C, Peron JM, Alric L, Morales J, Sanchez J, Barange
K, Payen JL, et al. “A La Carte” treatment of portal hypertension: adapting medical therapy to hemodynamic
response for the prevention of bleeding. Hepatology
2002; 36: 1361-6.

28

Vorobioff JD, et al.

37. Abraczinskas DR, Ookubo R, Grace ND, Groszmann RJ,
Bosch J, García-Tsao G, Richardsdon CR, et al. Propranolol for the prevention of first esophageal variceal hemorrhage: a lifetime commitment? Hepatology 2001; 34:
1096-102.
38. Bandi JC, García-Pagan JC, Escorsell A, Francois E, Moitinho E, Rodes J, Bosch J. Effects of propranolol on the hepatic hemodynamic response to physical exercise in patients
with cirrhosis. Hepatology 1998; 28: 677-82.
39. Luca A, García-Pagán JC, Bosch J, Feu F, Caballeria J,
Groszmann RJ, Rodes J. Effects of ethanol consumption on
hepatic hemodynamics in patients with alcoholic cirrhosis.
Gastroenterology 1997; 112: 1284-89.
40. Vorobioff J, Gamen M, Kravetz D, Picabea E, Villavicencio
R, Bordato J, Ruf A, et al. Effects of long-term propranolol
and octreotide on postprandial hemodynamics in cirrhosis:
A randomized, controlled trial. Gastroenterology 2002;
122: 916-22.
41. Polio J, Groszmann RJ. Hemodynamic factors involved in
the development and rupture of esophageal varices: a pathophysiologic approach to treatment. Semin Liver Dis
1986; 4: 318-31.
42. Albillos A, García-Pagán JC, Iborra J, Bandi JC, Cacho G,
Perez-Paramo M, Escorsell A, et al. Propranolol plus prazosin compared with propranolol plus isosorbide-5-mononitrate in the treatment of portal hypertension.
Gastroenterology 1998; 115: 116-23.
43. Bañares R, Moitinho E, Matilla A, García-Pagán JC, Lampreave JL, Piera C, Abraldes JG, et al. Randomized comparison
of
long-term
carvedilol
and
propranolol
administration in the treatment of portal hypertension in
cirrhosis. Hepatology 2002; 36: 1367-73.
44. Abraldes JG, Albillos A, Bañares R, Turnes J, González R,
García-Pagán JC, Bosch J. Simvastatin lowers portal pressure in patients with cirrosis and portal hypertension: A
randomized controlled trial. Gastroenterology 2009; 136:
1651-58.
45. Zipprich A, Loureiro-Silva M, D’Silva I, Groszmann RJ. The
role of hepatic arterial flow on portal venous and hepatic
venous wedged pressure in the isolated perfused CCl 4-cirrhotic liver. Am J Physiol Gastrointest Liver Physiol
2008; 295: G197-G202.
46. Pomier-Layrargues G, Kusielewicz D, Willems B, Villeneuve
JP, Marleau D, Coté J, Huet PM. Presinusoidal portal hypertension in non-alcoholic cirrhosis. Hepatology 1985; 5:
415-18.
47. Perelló A, Escorsell A, Bru C, Gilabert R, Moitinho E, García-Pagán JC, Bosch J. Wedged hepatic venous pressure
adequately reflects portal pressure in hepatitis C virus-related cirrhosis. Hepatology 1999; 30: 1393-97.
48. La Mura V, Abraldes JG, Raffa S, Retto O, Berzigotti A,
García-Pagán JC, Bosch J. Prognostic value of acute hemodynamic response to i.v. propranolol in patients with cirrhosis and portal hypertension. J Hepatol 2009; 51:
279-87.
49. Villanueva C, Aracil C, Colomo A, Hernández-Gea V, LópezBalaguer JM, Alvarez-Urturi C, Torras X, et al. Acute hemodynamic response to β-blockers and prediction of
long-term outcome in primary prophylaxis of variceal bleeding. Gastroenterology 2009; 137: 119-28.
50. Vorobioff J, Picabea E, Villavicencio R, Puccini V, Rossi O,
Bordato J, Audano M. Acute and chronic hemodynamic
effects of propranolol in unselected cirrhotic patients.
Hepatology 1987; 7: 648-53.
51. Merkel C, Bolognesi M, Sacerdoti D, Bombonato G, Cavasin
L, Gatta A. Disagreement between acute and chronic

, 2013; 12 (1): 22-29

hemodynamic effects of nadolol in cirrhosis: a pathophysiological interpretation. Aliment Pharmacol Ther 2005;
22: 433-9.
52. Merkel C, Bolognesi M, Berzigotti A, Amodio P, Cavasin L,
Casarotto IM, Zoli M, et al. Clinical significance of worsening portal hypertension during long-term medical treatment in patients with cirrhosis who had been clasified as
early good-responders on hemodynamic criteria. J Hepatol 2010; 52: 45-53.
53. Grace N, García-Pagan JC, Angelico M, Moreau R, Albillos A, Schepke M, Boyer TD, et al. Primary prophylaxis
for variceal bleeding. In: de Franchis R (ed.). Portal
Hypertension IV. Proceedings of the fourth Baveno International Consensus Workshop on Methodology of
Diagnosis and Treatment. Oxford: Blackwell Science;
2006, p. 168-200.
54. De Franchis R. On behalf of the Baveno V faculty. Revising
consensus in portal hypertension: Report of the Baveno V
workshop on methodology of diagnosis and therapy in portal hypertension. J Hepatol 2010; 53: 762-68.
55. Merkel C. A short cut to predict the clinical response to
beta-blocker therapy in cirrhosis? J Hepatol 2009; 51:
268-70.
56. Feu F, Bordas JM, Luca A, García-Pagán JC, Escorsell A,
Bosch J, Rodes J. Reduction of variceal pressure by propranolol: comparison of the effects on portal pressure and
azygos blood flow in patients with cirrhosis. Hepatology
1993; 18: 1082-89.
57. Pérez-Paramo M, Muñoz J, Albillos A, Freile I, Portero F,
Santos M, Ortiz-Berrocal J. Effect of propranolol on the
factors promoting bacterial translocation in cirrhotic rats
with ascites. Hepatology 2000; 31: 43-48.
58. Talheimer U, Bosch J, Burroughs A. How to prevent varices from bleeding: Shades of gray-The case for nonselective β-blockers. Gastroenterology 2007; 133:
2029-36.
59. Garcia-Tsao G, Bosch J, Groszmann RJ. Portal hypertension and variceal bleeding-unresolved issues. Summary of an American Association for the Study of Liver
Diseases and European Association for the Study of the
Liver Single-Topic Conference. Hepatology 2008; 44:
1764-72.
60. Vizzutti F, Arena U, Romanelli RG, Rega L, Foschi M, Colagrande S, Petrarca A, et al. Liver stiffness measurement
predicts severe portal hypertension in patients with HCVrelated cirrhosis. Hepatology 2007; 45: 1290-7.
61. Lim JK, Groszmann RJ. Transient Elastography for Diagnosis of Portal Hypertension in Liver Cirrhosis: Is There Still
a Role for Hepatic Venous Pressure Gradient Measurement? Hepatology 2007; 45: 1087-90.
62. Bureau C, Metivier S, Peron JM, Selves J, Robic MA,
Gourrauds PA, Rouquet O, et al. Transient elastography
accurately predicts presence of significant portal hypertension in patients with chronic liver disease. Aliment
Pharmacol Ther 2008; 27: 1261-68.
63. Lemoine M, Katsahian S, Ziol M, Nahon P, Ganne-Carrie N,
Kazemi F, Grando-Lemaire V, et al. Liver stiffness measurement as a predictive tool of clinically significant portal
hypertension in patients with compensated hepatitis C virus or alcohol-related cirrhosis. Aliment Pharmacol Ther
2008; 28: 1102-10.
64. Mejías M, García-Pras E, Tiani C, Miquel R, Bosch J, Fernández M. Beneficial effects of sorafenib on splanchnic,
intrahepatic, and portocollateral circulation in portal hypertensive and cirrhotic rats. Hepatology 2009; 49:
1245-56.

HVPG measurement in prophylaxis of variceal hemorrhage.

65. Berzigotti A, Bellot P, De Gottardi A, García-Pagán JC,
Gagnon C, Spénard, Bosch J. NCX-1000, a nitric oxide-releasing derivative of UDCA, does not decrease portal pressure in patients with cirrhosis: results of a randomized,
double-blind, dose-escalating study. Am J Gastroenterol
2009; 105: 1094-101.

, 2013; 12 (1): 22-29

29

66. Popov Y, Schuppan D. Targeting Liver Fibrosis: Strategies
for Development and Validation of Antifibrotic Therapies.
Hepatology 2009; 50: 1294-306.
67. Tsochatzis EA, Bosch J, Burroughs A. A new therapeutic
paradigm for patients with cirrhosis. Hepatology 2012.
Accepted Article’, Doi: 10.1002/hep.25915 (In press).

