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Administration of angiotensin II causes an increase in
portal pressure, and plasma concentration of angiotensin II
is elevated in patients with cirrhosis, suggesting that
angiotensin II may be involved in the pathogenesis of portal
hypertension in cirrhosis. We evaluated the effect of the
orally active angiotensin II receptor antagonist, losartan, on
portal pressure in patients with cirrhosis and portal hyper-
tension. Thirty patients with severe (hepatic venous pres-
sure gradient [HVPG] H 20 mm Hg) and 15 patients with
moderate (HVPG F 20 mm Hg) portal hypertension at
baseline measurement were treated with an oral dose of 25
mg losartan once daily for 1 week and compared with 15
(HVPG H 20 mm Hg) and 10 (HVPG F 20 mm Hg),
respectively, cirrhotic controls. On the seventh day, HVPG
was determined again, and blood pressure, heart rate, body
weight, and parameters of liver and kidney function were
recorded. Losartan induced a significant (P F .001) de-
crease of HVPG in the patients with severe (246.8% 6
15.5%) and moderate (244.1% 6 14.7%) portal hyperten-
sion, while no significant change was seen in the controls.
Losartan caused a slight but significant (P F .01) fall in
mean arterial blood pressure (23.1 6 5.0 and 23.5 6 4.3
mm Hg, respectively). One patient treated with losartan had
a short symptomatic hypotensive reaction after the first
dose of losartan that did not recur despite continued
treatment. No deterioration of liver or kidney function was
observed. The present study indicates that angiotensin II
blockade with orally administered losartan is safe and
highly effective in the treatment of portal hypertension.
(HEPATOLOGY 1999;29:334-339.)

The primary objective of drug therapy in portal hyperten-
sion is the prevention of variceal bleeding. The use of
nonselective b-blockers that reduce portal pressure by lower-
ing splanchnic blood inflow1 has proved effective in this
indication. Treatment with propranolol or nadolol reduces
the risk of first hemorrhage2 as well as that of further bleeding
episodes in patients with a history of variceal bleeding.3

However, the average reduction in portal pressure by 15%

achieved with b-blockers is moderate,4 and no relevant
decrease is observed in more than 30% of patients despite
adequate dosage.5 To enhance the pressure-lowering effect on
portal hypertension, b-blockers are combined with isosor-
bide-5 mononitrate,6 an agent that reduces portal pressure in
cirrhosis because of its vasodilator properties.7 One study
demonstrated a mean reduction in portal pressure of 19%
during therapy with the combination of propranolol and
isosorbide-5 mononitrate.6 In patients with sodium retention
and ascites, however, serious deterioration of renal function
was observed with the combination of b-blockers and ni-
trates.8

The limited effect on portal pressure, the incidence of
adverse effects—15% for nonselective b-blockers alone,9 16%
for nadolol plus isosorbide-5 mononitrate10—and the time-
consuming dose-finding are a stimulant for the search for
new antihypertensive substances.

Angiotensin II is considered a potential mediator of intrahe-
patic portal hypertension, because its plasma level is elevated
in cirrhosis11 and its administration induces a rise in portal
pressure.12 Enhancement of the adrenergic vasoconstrictor
influence on the portal systems,13 direct contractile influence
on stellate cells,14 which serve as regulators of the sinusoidal
blood flow,15,16 and sodium and fluid retention induced by the
stimulation of aldosterone secretion17 may be mechanisms
that contribute to the portal hypertensive effect of angioten-
sin II. Losartan is an angiotensin II receptor antagonist with
dilatory effects on arteries and veins.18 The substance has
recently been approved for the treatment of arterial hyperten-
sion. As yet, its influence on portal hypertension has not been
investigated. The aim of this study was to determine the
antihypertensive effects of losartan on portal pressure with
particular attention paid to potential side effects.

PATIENTS AND METHODS

Patients. In patients with cirrhosis and esophageal varices, portal
hypertension was evaluated by the determination of hepatic venous
pressure gradient (HVPG). Thirty consecutive patients with HVPG $
20 mm Hg (severe portal hypertension) were assigned to losartan
treatment according to the below-mentioned protocol. In accor-
dance with Armonis et al.,19 our preliminary investigations had
shown a variability of 6 1 mm Hg in the measurement of HVPG
independent from the height of the values. Therefore, this initial
selection of patients with high HVPG values was performed to
reduce the influence of variability on the percentage change in
HVPG caused by losartan. Later, 15 consecutive patients with
moderate portal hypertension (HVPG , 20, . 12 mm Hg) were
added to the study to clarify whether the observed effects were
limited to patients with severe portal hypertension. Finally, a group
of 15 consecutive cirrhotic patients with severe portal hypertension
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(HVPG $ 20 mm Hg) and a group of 10 consecutive cirrhotic
patients with moderate hypertension (HVPG , 20, . 12 mm Hg)
were examined without losartan treatment to determine the sponta-
neous changes in portal pressure during the study period. All
patients participating in the study had cirrhosis confirmed by biopsy.
The clinical characteristics of the patients are shown in Table 1.
Patients with an alcoholic etiology of cirrhosis who had not stopped
drinking at least 3 month ago, patients already receiving antihyper-
tensive treatment, and patients who had been bleeding from
esophageal varices within the last 4 weeks were excluded from the
study. In patients receiving diuretics, the dosage had to be constant
for the last 4 weeks before the baseline measurement; otherwise,
they were excluded. Routine medication was continued during the
study without modification.

The protocol was in accordance with the guidelines of the
Declaration of Helsinki and had been reviewed by the ethics
committee of the Heinz Kalk-Hospital. Each patient gave informed
consent to participate in the study.

Study Protocol. Starting on day 1, the day after the baseline
measurements, the patients assigned for treatment received a daily
oral dose of 25 mg losartan at 8 AM in addition to their routine
medication for 1 week, while the patients of the control groups
received no treatment besides their routine medication. On day 7, in
all patients, HVPG was determined again. The hepatic vein catheter-
ization was performed after a 16-hour fasting period (except the
ingestion of the losartan dose at 8 AM in the treatment groups on
day 7) between 12 AM and 1 PM. Body weight, blood count, serum
electrolytes, creatinine, urea nitrogen, g-glutamyl transpeptidase,
alkaline phosphatase, aspartate aminotransferase, alanine aminotrans-
ferase, total bilirubin, cholinesterase, ammonia, total protein, and
prothrombin time were determined daily in patients treated with
losartan, and at baseline and on day 7 in the controls. Furthermore,
heart rate and blood pressure were measured daily with the patient
in a sitting position at 7 AM, 11 AM, 3 PM, 7 PM, and 11 PM. Blood
pressure was determined by the conventional auscultatory method,
and mean arterial pressure and its average for each day were
calculated.

Free and wedged hepatic venous pressure were determined by the
method described earlier22 using a 7F catheter inserted through the
right femoral vein. HVPG was calculated as the difference between
wedged and free hepatic venous pressure. Hepatic venous pressure
measurements were performed at least twice, and the average was
calculated.

Results are expressed as means 6 SD. The Student t test for paired

data was used for the statistical analysis of differences between
means at baseline and at the end of the study period. The results of
the different groups were compared using the Student t test for
unpaired data. Results were considered significant at P , .05.

RESULTS

There was no significant difference in any of the baseline
parameters between the treatment groups and the correspond-
ing control groups (Table 2).

Effects on Hemodynamics. Losartan treatment caused signifi-
cant decreases in HVPG from 24.8 6 3.6 mm Hg to 13.1 6
4.1 mm Hg (P , .001) in the patients with severe portal
hypertension and from 17.9 6 1.4 mm Hg to 10.0 6 2.7 mm
Hg (P , .001) in the patients with moderate hypertension
(Fig. 1). There was no significant difference in the extent of
reduction between both groups (246.8 6 15.5% vs. 244.1 6
14.7%; ns). In all patients with severe portal hypertension
and in all but 1 patient with moderate portal hypertension,
losartan induced a fall in HVPG of 20.0% or more. In the
patient who did not respond to losartan, the HVPG value
remained completely unchanged. In both treatment groups,
the reduction in HVPG was caused entirely by a decrease in
wedged hepatic venous pressure, whereas free hepatic venous
pressure remained constant. In the control groups, no signifi-
cant change in HVPG was observed between baseline and the
last day of the study period (Table 2).

A significant reduction in mean arterial pressure with
respect to baseline was observed at each time of measurement
on each day of losartan treatment. The reduction was
pronounced most on the first day of treatment and at the
measurements at 11 AM and 3 PM, meaning 4 and 8 hours,
respectively, after administration of losartan (Table 3). There
was no significant change in heart rate during treatment
(Table 2).

Effects on Other Parameters. The biochemical analyses re-
vealed a significant decrease of total bilirubin in the group
with severe portal hypertension at the end of losartan
treatment (3.5 6 4.0 vs. 2.4 6 2.2 mg/dL; P , .05). In the
corresponding control group, the fall of total bilirubin
observed was not significant (3.3 6 3.3 vs. 2.9 6 2.7 mg/dL;
ns). Nevertheless, there was no significant difference in total
bilirubin values of both groups at baseline and at the end of
the study. All other biochemical parameters investigated did
not change significantly from baseline to final measurement
in the different groups. In particular, no deterioration in the
parameters of kidney and liver function was observed in the
patients treated with losartan. Weight gain indicating water
retention did not occur. Details of the results are shown in
Table 2.

Additional to the study protocol, plasma concentration of
angiotensin II was determined in 7 patients treated with
losartan (4 with severe and 3 with moderate portal hyperten-
sion) before and on the last day of treatment. The blood
samples were drawn at the beginning of the hepatic vein
catheterization (approximately 5 hours after the last adminis-
tration of losartan). Mean angiotensin II level increased
significantly from baseline to the last day of treatment (2.3 6
1.0 vs. 3.7 6 1.4 pg/mL; P , .05).

At the end of the present study, 16 patients with severe and
10 patients with moderate hypertension treated with losartan
agreed to participate in a long-term investigation and thus

TABLE 1. Clinical Parameters in the Two Treatment
and the Two Control Groups

Severe
Portal Hypertension

Moderate
Portal Hypertension

Losartan Control Losartan Control

Number of patients 30 15 15 10
Sex (m/f) 19/11 10/5 9/6 7/3
Age (yr) 53.2 6 10.5 51.7 6 12.3 54.8 6 9.3 54.2 6 11.8
Etiology (viral/alco-

holic/mixed) 4/24/2 3/11/1 2/13/0 1/8/1
Child-Pugh classifi-

cation (grade
A/B/C) 15/13/2 9/5/1 10/4/1 6/4/0

Esophageal varices
(grade I/II/III/IV) 6/17/5/2 2/9/3/1 4/8/2/1 2/6/1/1

History of variceal
bleeding 8 5 4 3

Diuretic therapy 16 9 6 4

NOTE. Child-Pugh grade was calculated as reported by Pugh et al.20

Esophageal varices at upper gastrointestinal endoscopy were graded accord-
ing to the classification of Paquet et al.21
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continued losartan treatment. According to the follow-up
schedule of that long-term study, 6 months after the baseline
measurements, determination of the hemodynamic param-
eters was repeated. The preliminary data of the follow-up
showed no significant changes in the portal and systemic
hemodynamic parameters between the measurements at
day 7 and at 6 months (Table 4). No deterioration in the
biochemical parameters was observed during the 6 months of
continued losartan treatment.

Tolerability of Losartan Treatment. One patient with severe
portal hypertension at baseline complained of nausea and
dizziness about 90 minutes after the first dose of losartan.
The measurement of blood pressure revealed hypotension
with an arterial pressure of 85/60 mm Hg. After a 15-minute
bed rest, subjective symptoms subsided, and the blood
pressure rose to 100/70 mm Hg. At the patient’s request, the
medication was continued for the planned duration. Neither
subjective complaints nor hypotension recurred. This particu-
lar patient was in Child-Pugh class C and undergoing diuretic
treatment with 200 mg of spironolactone and 40 mg of
furosemide for ascites.

Treatment with losartan was well tolerated by all other
patients. Furthermore, no side effect occurred in 26 patients
included in the above-mentioned long-term follow-up during
6 months of continued treatment (preliminary results).

DISCUSSION

Our search for a new orally active agent with the ability to
reduce portal pressure was based on observations suggesting
that angiotensin II may play a role in the pathogenesis of
portal hypertension in cirrhosis.16 Thus, plasma levels of
angiotensin II are elevated in cirrhosis,11 and administration
of angiotensin II to perfused cirrhotic livers leads to an
increase in intrahepatic vascular resistance.12 Several mecha-
nisms may be responsible for the portal hypertensive effect:
Angiotensin II has been shown to induce release of catechol-
amines and facilitate sympathic nervous stimulation.13 There-
fore, it may enhance the increase of portal resistance caused
by the adrenergic system in cirrhosis. The stimulation of
aldosterone secretion resulting in sodium and fluid reten-
tion17 may also be involved in the increase of portal pressure

TABLE 2. Hemodynamic and Biochemical Data at Baseline and at Day 7 of the Study in Patients Treated With Losartan and Controls

Parameter

Severe Portal Hypertension Moderate Portal Hypertension

Losartan (n 5 30) Control (n 5 15) Losartan (n 5 15) Control (n 5 10)

Baseline Day 7 Baseline Day 7 Baseline Day 7 Baseline Day 7

HVPG (mm Hg) 24.8 6 3.6 13.1 6 4.1* 23.9 6 4.1 23.1 6 4.2 17.9 6 1.4 10.0 6 2.7* 17.7 6 1.3 16.9 6 1.5
Wedged hepatic

venous pressure
(mm Hg) 29.5 6 3.8 18.0 6 4.8* 28.8 6 3.3 27.9 6 3.8 22.1 6 2.6 14.1 6 2.9* 22.0 6 2.2 21.4 6 2.6

Free hepatic venous
pressure (mm Hg) 4.8 6 2.2 4.8 6 2.4 4.9 6 2.2 4.8 6 2.1 4.2 6 1.6 4.1 6 1.5 4.3 6 1.9 4.5 6 1.9

Heart rate (/min) 78.5 6 10.1 79.5 6 9.2 77.6 6 12.6 77.9 6 11.6 77.6 6 12.6 77.9 6 11.6 82.0 6 12.0 81.6 6 9.7
Mean arterial pres-

sure (mm Hg) 89.1 6 6.8 86.0 6 7.8† 88.3 6 5.5 88.6 6 4.5 90.9 6 5.5 87.4 6 4.6† 91.3 6 6.7 91.7 6 4.5
Body weight (kg) 73.4 6 11.1 73.2 6 11.0 73.2 6 12.3 73.1 6 12.1 74.9 6 13.3 74.7 6 13.3 73.5 6 12.1 73.5 6 12.3
Hemoglobin (g/dL) 12.9 6 1.8 12.8 6 1.8 12.6 6 1.6 12.5 6 1.7 13.0 6 1.3 13.0 6 1.3 13.1 6 0.9 13.1 6 0.9
Leukocytes (/µL) 6,376 6 3,344 6,659 6 2,990 7,140 6 3,442 6,873 6 3,176 7,047 6 3,075 6,727 6 2,876 7,060 6 2,833 6,900 6 2,837
Platelets (103/µL) 103 6 53 116 6 49 113 6 52 127 6 45 121 6 50 131 6 41 119 6 43 132 6 37
Creatinine (mg/dL) 0.72 6 0.24 0.78 6 0.22 0.74 6 0.26 0.75 6 0.19 0.73 6 0.23 7.3 6 0.2 0.73 6 0.21 0.73 6 0.18
Urea nitrogen

(mg/dL) 17.6 6 13.7 18.3 6 8.0 18.9 6 13.7 18.1 6 8.4 16.9 6 6.8 16.8 6 6.8 16.9 6 7.0 16.9 6 6.8
Potassium (mmol/L) 4.3 6 0.4 4.3 6 0.5 4.3 6 0.5 4.3 6 0.5 4.3 6 0.4 4.4 6 0.4 4.3 6 0.4 4.2 6 0.4
Sodium (mmol/L) 138.4 6 3.1 137.7 6 4.1 137.9 6 3.3 137.6 6 4.4 138.0 6 3.9 137.8 6 3.8 138.5 6 3.2 138.1 6 3.9
g-Glutamyl transpep-

tidase (U/L) 150.7 6 151.5 125.9 6 129.2 143.4 6 149.8 126.8 6 113.1 104.7 6 68.9 89.8 6 60.9 87.4 6 65.7 76.1 6 56.8
Alkaline phosphatase

(U/L) 176.9 6 64.9 165.2 6 58.4 177.9 6 73.3 163.6 6 65.6 159.2 6 49.0 153.3 6 46.4 158.6 6 50.1 153.6 6 32.3
Aspartate amino-

transferase (U/L) 30.4 6 19.5 26.9 6 18.5 29.5 6 20.2 27.6 6 19.3 27.3 6 19.1 25.7 6 18.7 26.0 6 19.5 24.9 6 18.0
Alanine aminotrans-

ferase (U/L) 26.9 6 30.4 23.6 6 28.4 28.7 6 27.4 25.5 6 25.8 24.5 6 19.7 22.9 6 20.0 24.5 6 18.5 23.3 6 18.9
Bilirubin, total

(mg/dL) 3.5 6 4.0 2.4 6 2.2‡ 3.3 6 3.3 2.9 6 2.7 1.9 6 1.6 1.6 6 1.1 1.9 6 1.3 1.7 6 1.3
Ammonia (µg/dL) 95.9 6 43.6 79.9 6 27.3 96.5 6 53.0 82.5 6 32.4 75.0 6 39.7 73.3 6 34.8 77.0 6 42.4 77.0 6 3.9
Protein, total (g/dL) 7.3 6 0.9 7.1 6 0.7 7.2 6 0.7 7.1 6 0.8 7.2 6 0.7 7.1 6 0.8 7.1 6 0.7 7.0 6 0.7
Prothrombin time

(sec) 15.0 6 1.5 15.0 6 1.6 14.6 6 1.3 14.6 6 1.4 14.0 6 1.4 14.0 6 1.4 14.1 6 1.4 14.2 6 1.5
Cholinesterase (U/L) 3,088 6 1,448 3,167 6 1,460 3,142 6 1,501 3,025 6 1,269 3,142 6 1,501 3,025 6 1,269 3,307 6 1,581 3,123 6 1,329

NOTE. All values are mean 6 SD.
*P , .001 vs. baseline.
†P , .01 vs. baseline.
‡P , .05 vs. baseline.

336 SCHNEIDER, KALK, AND KLEIN HEPATOLOGY February 1999



in this situation. Furthermore, angiotensin II induces a
contraction of the hepatic stellate cells, which are considered
to be regulators of sinusoidal blood flow.14-16,23

In the early 1980s, it was demonstrated that intravenous
administration of saralasin, a competitive peptide angiotensin
II antagonist with intrinsic agonist activity, reduces elevated
portal pressure in cirrhosis.24 However, because of its short
duration of action and poor oral bioavailability, saralasin is
not suitable for long-term treatment.

Losartan, a recently developed, orally active nonpeptide
angiotensin II antagonist, displays no intrinsic agonistic
activity and exhibits a high affinity and selectivity for the
angiotensin II receptor type 1, which mediates all known
physiological effects of angiotensin II. Losartan has been
approved for the treatment of arterial hypertension and is
usually employed at a dosage of 50 mg/d. Because losartan is
eliminated by both urinary and biliary excretion, in patients
with cirrhosis, dosage adjustment may be necessary to avoid
the risk of accumulation.25 On the other hand, in patients

with symptomatic heart failure, neither a significant increase
in plasma concentration of angiotensin II nor clear beneficial
hemodynamic effects were seen with doses of less than 25
mg/d losartan, indicating an insufficient angiotensin II recep-
tor blockade.26 Therefore, in the present study, we used a
daily dose of 25 mg losartan.

The separation of patients with severe and moderate portal
hypertension was artificially induced by the stepwise proceed-
ing in our study. Our data revealed no significant difference
between both groups in the effects of losartan treatment,
suggesting that there is no substantial need for differentiation
of both groups in the discussion of the results.

The present study demonstrates that losartan, in an oral
dose of 25 mg once daily, exerts a pronounced antihyperten-
sive effect on portal hypertension in cirrhosis exceeding that
reported for other substances.6,7,27-29 Preliminary results of a
long-term follow-up including 26 patients of the present
study show that the portal pressure–lowering effect of losar-
tan is sustained at 6 months of continual treatment (Table 4).
Feu et al. demonstrated a relation between the portal hemody-
namic response to pharmacotherapy and the decrease in the
risk of variceal rebleeding in patients with cirrhosis.30 Thus, it
was observed that the risk of rebleeding was reduced signifi-
cantly when portal pressure was lowered by at least 20% with
propranolol therapy, but a reduction of this extent was
achieved in only 36% of patients despite adequate dosage. In
this investigation, losartan caused a decrease in portal pres-
sure of 20% or more in 44 of the 45 patients treated (98%).
Another study demonstrated that a reduction of HVPG to 12
mm Hg or below by propranolol therapy protects from a first
episode of variceal hemorrhage, but this observation applied
to only 31% of the patients included.31 Forty-three percent of
our patients with severe and 93% of our patients with
moderate portal hypertension reached this threshold during
treatment with losartan. Because propranolol and losartan
reduce portal pressure by different pharmacological mecha-
nisms, long-term studies must clarify whether continual
losartan therapy results in the expected reduction in the risk
of variceal bleeding.

In one patient in our study, a symptomatic hypotensive
reaction occurred 90 minutes after the first losartan dose.
After short-term bed rest, blood pressure recovered, and
symptoms abated. The hypotensive reaction did not recur
despite continued medication. Owing to the clinical course,
the systemic hypotension in our patient may be regarded as a
first-dose effect, as described for losartan in a study in
patients with heart failure.26 Overall, losartan caused a slight
but significant fall in systemic blood pressure during the
1-week treatment period. As shown by the preliminary results
of a long-term follow-up (Table 4), the reduction in blood
pressure remains unchanged during continual administra-
tion. Girgrah at al.32 observed a mean decrease of arterial
pressure (28 mm Hg) in 6 patients with cirrhosis after a
single dose of 7.5 mg losartan that exceeded the greatest
reductions seen in the treatment groups of the present study
(26.3 and 25.9 mm Hg, respectively) (Table 3). This
discrepancy may be caused by different conditions in the
blood pressure measurement. For example, the decrease in
blood pressure induced by angiotensin II blockade is more
prominent in a standing than in a sitting position.33 In this
study, blood pressure was measured with the patient in a

FIG. 1. Mean HVPG values at baseline and day 7 in patients treated with
losartan and controls. Patients with (A) severe and (B) moderate portal
hypertension. HVPG values did not significantly differ between the treatment
groups and the corresponding controls at baseline, whereas at day 7, mean
HVPG was significantly lower in the patients treated with losartan than in the
controls (*P , .001). (P), Control; (h), losartan.
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sitting position; unfortunately, nothing is reported about the
conditions of measurement in the abstract by Girgrah et al.
Acute administration of captopril, which as an angiotensin-
converting enzyme inhibitor blocks the production of angio-
tensin II, caused a more pronounced decrease of arterial
pressure in patients with cirrhosis than observed in the
present study, but a high dosage of captopril was used.34

Long-term treatment with captopril or enalapril did not
induce a reduction in blood pressure in patients with
cirrhosis.34,35

No deterioration of renal function or electrolyte balance, as
observed in the therapy of portal hypertension with other
agents,8,28 occurred during treatment with losartan.

In accordance with observations by Arroyo et al., angioten-
sin II blockade in cirrhotic patients did not cause a worsening
in the parameters of liver function despite a significant
reduction in portal pressure.24 The significant decrease in
total bilirubin that occurred during losartan treatment in the
group with severe portal hypertension cannot be explained
from our data and requires further investigation.

In conclusion, losartan in an oral dose of 25 mg once daily
has an exceptionally pronounced portal pressure–lowering
effect in portal hypertension and is well tolerated. Long-term
studies are needed to evaluate the effects of losartan treatment
on the incidence of variceal bleeding and the prognosis of
patients with cirrhosis.

TABLE 4. Hemodynamic Data of 16 Patients With Severe and 10 Patients With Moderate Portal Hypertension at Baseline, on Day 7,
and at 6 Months of Losartan Treatment

Severe Portal Hypertension Mild Portal Hypertension

Baseline Day 7 6 Months Baseline Day 7 6 Months

HVPG (mm Hg) 24.7 6 2.6 13.5 6 3.5* 14.3 6 3.5* 17.7 6 1.5 10.0 6 3.1* 10.4 6 1.6*
Wedged hepatic venous

pressure (mm Hg) 29.3 6 3.9 18.7 6 4.8* 19.5 6 4.6* 21.4 6 2.5 13.7 6 3.3* 13.9 6 2.2*
Free hepatic venous pressure

(mm Hg) 4.6 6 2.0 5.2 6 2.9 5.3 6 2.8 3.7 6 1.5 3.7 6 1.4 3.5 6 1.4
Mean arterial pressure

(mm Hg) 90.3 6 7.5 85.8 6 8.8† 85.3 6 8.3† 91.2 6 5.7 86.7 6 4.9† 87.0 6 6.0†
Heart rate (/min) 79.5 6 6.5 79.7 6 5.7 80.2 6 7.3 80.0 6 13.2 79.6 6 12.5 81.2 6 11.6

NOTE. All values are mean 6 SD. The data are derived from 16 patients with severe and 10 patients with moderate portal hypertension who, at the end of
the 1-week study period, agreed to participate in a long-term follow-up with continued losartan treatment. The changes in HVPG, wedged hepatic venous
pressure, and mean arterial pressure from day 7 to 6 months, and all changes in free hepatic venous pressure and heart rate, were not significant.

*P , .001 vs. baseline.
†P , .01 vs. baseline.

TABLE 3. Changes from Baseline in Mean Arterial Pressure Caused by Losartan

Degree of
Portal

Hypertension 7 AM 11 AM 3 PM 7 PM 11 PM

Day 1
Severe 10.7 6 1.0 25.1 6 5.9* 26.3 6 6.7* 23.5 6 5.3† 21.8 6 3.4†
Moderate 20.4 6 0.6 25.3 6 4.9† 25.9 6 5.2* 23.6 6 4.1† 23.2 6 4.4‡

Day 2
Severe 21.3 6 2.7‡ 24.6 6 5.0* 25.0 6 5.6* 22.8 6 4.2† 23.0 6 5.0†
Moderate 21.5 6 2.4‡ 24.5 6 5.1† 24.6 6 4.9† 23.6 6 4.0† 23.2 6 4.5‡

Day 3
Severe 21.8 6 3.7† 24.0 6 5.7* 24.6 6 5.8* 23.0 6 4.9† 22.4 6 4.0†
Moderate 21.4 6 2.2‡ 24.4 6 4.9† 24.4 6 4.7† 23.2 6 4.5‡ 23.0 6 4.8‡

Day 4
Severe 21.6 6 3.0† 24.0 6 5.6* 24.5 6 6.0* 22.5 6 4.2† 22.3 6 3.9†
Moderate 21.6 6 2.5‡ 24.0 6 4.8† 24.1 6 5.1† 23.5 6 3.7† 22.4 6 3.5‡

Day 5
Severe 21.4 6 2.8‡ 24.3 6 5.2* 24.4 6 4.9* 22.3 6 4.1† 22.8 6 4.3†
Moderate 21.9 6 3.0‡ 24.8 6 5.4† 24.0 6 4.7† 22.9 6 3.9‡ 22.5 6 3.3‡

Day 6
Severe 21.6 6 3.1† 23.9 6 5.6* 24.7 6 5.6* 23.0 6 4.7† 22.9 6 5.0†
Moderate 21.7 6 2.7‡ 24.1 6 4.9† 24.3 6 4.7† 23.5 6 4.1† 22.7 6 3.6‡

Day 7
Severe 21.5 6 3.1‡ 23.9 6 5.7* 24.4 6 5.9* 23.1 6 5.6† 22.6 6 4.2†
Moderate 21.9 6 2.2‡ 24.3 6 4.7† 24.5 6 4.9† 23.7 6 3.8† 22.9 6 3.9‡

NOTE. Data presented are changes of mean arterial pressure from the corresponding baseline values (mean 6 SD) in 30 patients with severe and in 15 with
moderate portal hypertension treated with losartan during the 1-week study period. Twenty-five milligrams of losartan was administered daily at 8 AM.

*P , .001 vs. baseline.
†P , .01 vs. baseline.
‡P , .05 vs. baseline.
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