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This study investigated whether oral doses of 
isosorbide-5-mononitrate, a preferential venous dilator 
that decreases portal pressure, could enhance the ef- 
fects of propranolol on portal hypertension. Taking part 
in the study were 28 patients with cirrhosis and portal 
hypertension. Twenty patients (group 1) had hemo- 
dynamic measurements in baseline conditions after 
beta-blockade by intravenous administration of pro- 
pranolol and after receiving oral doses of isosorbide-5- 
mononitrate. The remaining eight patients (group 2) 
were given oral isosorbide-5-mononitrate while receiv- 
ing chronic propranolol therapy. In group 1, propran- 
0101 significantly reduced portal pressure (estimated as 
the gradient between wedged and free hepatic venous 
pressures) from 21.5 f 3.9 to 18.6 2 4.2 mm Hg ( - 13.7%, 
p < 0.001), azygos blood flow ( -38%, p < 0.000, hepatic 
blood flow (- 12.8%, p < 0.05), cardiac output ( - 24.5%, 
p < 0.001) and heart rate (- 18.4%, p < 0.001) without 
significant changes in mean arterial pressure. Addi- 
tion of oral isosorbide-5-mononitrate caused a further 
and marked fall in portal pressure (to 15.7 * 3.1 
mm Hg, p < 0.001), without additional changes in azygos 
blood flow but with significant additional reductions in 
hepatic blood flow (- 15.5%, p < 0.05), cardiac out- 
put ( -  11.5%, p < 0.001) and mean arterial pressure 
(- 22%, p < 0.001). The additional effect of isosorbide-5- 
mononitrate on portal pressure was especially evident 
in patients who did not respond to propranolol (de- 
crease in portal pressure less than lo%, n = 9), the final 
reduction in portal pressure after combined therapy 
being similar in propranolol responders (-26%) and 
nonresponders ( - 27%). In group 2, the association of 
isosorbide-5-mononitrate to chronic propranolol ther- 
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apy also caused a further significant reduction in portal 
pressure, from 17.1 f 3.1 to 15.4 k 2.1 mm Hg (p < 0.05). 

Study results indicate that isosorbide-5-mononitrate 
enhances the beneficial effects of propranolol on portal 
hypertension in patients with cirrhosis. (HEPATOLOGY 
1990;11:230-238.) 

Recently several studies have shown that propranolol 
may significantly reduce the risk of variceal bleeding 
in patients with cirrhosis and portal hypertension, both 
in preventing the first hemorrhage (1-5) and also in the 
prophylaxis of further bleeding episodes in patients 
who have already bled from their varices (6-81, a ben- 
eficial effect thought to be caused by the ability of pro- 
pranolol to  reduce portal pressure and portal-collateral 
blood flow (9). 

In recent years, however, it has become evident that 
the reduction of portal pressure by propranolol is mod- 
erate, averaging 15% (9), and more than 30% of the 
patients exhibit no decrease in portal pressure despite 
adequate beta-blockade (9-10). The contradictory find- 
ings of some studies on the effectiveness of propranolol 
in the prevention of variceal bleeding (11-13) may be, 
at least in part, related to the absence or insufficiency 
of the fall in portal pressure achieved during therapy. 
Although the reason for the heterogeneous effect of 
propranolol on portal pressure is not clear, experimen- 
tal studies suggest it may be related to an increase in 
vascular resistance to portal blood flow (PBF) after pro- 
pranolol is administered (14). 

A recent study at our laboratory (15) has shown that 
the oral administration of isosorbide-5-mononitrate 
(Is-5-Mn), a preferential venous dilator with pro- 
longed biological activity and no hepatic metabolism 
(16), caused a significant reduction in portal pres- 
sure in patients with cirrhosis. This was due in part 
to a decrease in hepatic vascular resistance. We pro- 
posed, therefore, that in analogy with previous findings 
on combined nitroglycerin-vasopressin or ketanserin- 
propranolol administration (17,181, combining Is-5-Mn 
with propranolol administration may have a synergis- 
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TABLE 1. Clinical data of the 20 patients included in protocol A 
~~ 

Patient Variceal Bilirubin Albumin Prothrombin Child-Pugh 
No. Age (yr) Sex Etiology Ascites bleeding (mgidl) (gmiL) ratio 1%) class (score) HVPG’ (mm Hg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

55 F 
60 M 
62 M 
72 F 
45 M 
57 M 
51 M 
58 F 
57 M 
53 M 
71 M 
61 M 
49 F 
55 M 
59 F 
65 F 
63 F 
50 F 
63 F 
65 F 

Crb 
Etoh‘ 
Etoh 
Cr 

Etoh 
Etoh 
Etoh 
PBCd 
Etoh 

HBsAg 
Etoh 
Etoh 

Cr 
Etoh 
Etoh 

Cr 
Etoh 
Cr 

Etoh 
Cr 

No 
Yes 
No 
No 
Yes 
No 
Yes 
No 
Yes 
No 
Yes 
No 
No 
No 
Yes 
No 
No 
No 
Yes 
No 

Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 
No 
No 
Yes 
No 
Yes 
No 
Yes 
No 

2.1 
1.5 
2.6 
4.5 
2.3 
1.4 
2.8 
1.8 
2.4 
2.5 
1.4 
2 
1.1 
2 
2.3 
1.9 
1 
1.5 
2.6 
1.7 

34.9 
32 
34.9 
28.6 
36.7 
29.6 
36.4 
31.2 
25.2 
38 

33.3 
34.8 
35.5 
33 

38.7 
33.7 
26.6 
37.5 
34.4 
35.2 

60 
65 
69 
80 
45 
64 
76 
70 
58 
70 
65 
55 
75 
80 
69 
65 

100 
42 
54 
65 

24 
13 
20.5 
24 
15 
22.5 
22 
17 
24 
24.5 
32 
22.5 
20 
21.5 
23 
22 
18 
21 
21 
23 

“HVPG = hepatic venous pressure gradient. 
bCr = cryptogenetic cirrhosis. 
‘Etoh = alcoholic cirrhosis. 
dPBC = primary biliary cirrhosis. 

tic effect and enhance the reduction in portal pressure. 
Such an additive effect was first suggested by Kroeger 
and Groszmann (19) in experiments with rats with por- 
tal hypertension caused by partial vein ligation. Stud- 
ies were made after the administration of propranolol 
alone and propranolol in combination with nitroglyc- 
erin. This study was aimed at verifying this hypothesis 
using an acute hemodynamic study in a series of pa- 
tients with cirrhosis and portal hypertension. 

PATIENTS AND METHODS 
The study involved 28 cirrhotic patients referred for he- 

modynamic evaluation of portal hypertension. Cirrhosis was 
alcoholic in 16 patients and nonalcoholic in 12: two posthe- 
patitic, nine cryptogenic, and one primary biliary cirrhosis. 
All patients had esophageal varices and 17 had experienced 
variceal bleeding. All patients gave written consent to par- 
ticipate in the study, which was approved by the Clinical 
Research Committee of the Hospital Clinic i Provincial, Uni- 
versity of Barcelona, in September 1987. 

Twenty patients (Table 1) were included in protocol A, 
which investigated the acute effects of propranolol and the 
effects of the combination of propranolol and Is-5-Mn on sys- 
temic and splanchnic hemodynamics. These patients had re- 
ceived no vasoactive drugs for at least 48 hr before the study. 
After an overnight fast, the patients were transferred to the 
Hepatic Hemodynamics Laboratory, where two venous cath- 
eter introducers (USCI, Billerica, MA) were placed by the 
Seldinger technique in the right femoral veins of the patients 
who were under local anesthesia. One was used to advance 
a 7F balloon-tipped catheter (Medi-Tech, Inc., Watertown, 
MA), under fluoroscopy, into the main right hepatic vein 

where it remained for the entire study; the other was used 
either to advance a Swan-Ganz catheter (American-Edwards 
Laboratories, Santa Ana, CA) into the pulmonary artery or 
a continuous thermal dilution catheter (Webster Labs, Inc. 
Altadena, CA) into the azygos vein. These catheters allowed 
serial measurements of wedged and free hepatic venous pres- 
sures (WHVP and FHVP), cardiopulmonary pressures and 
cardiac output (CO, thermodilution) and azygos blood flow 
(AzBF, continuous thermodilution) respectively, according to 
previously described methods (20-22). A solution of indocy- 
anine green (ICG, Serb, Paris, France), containing 2% human 
serum albumin, was infused intravenously at a constant rate 
of 0.2 mglmin. After an  equilibration period of 40 min, four 
samples of peripheral and hepatic venous blood were obtained 
simultaneously at 2-min intervals for the measurement of 
hepatic blood flow (HBF) following previously reported meth- 
ods (15, 23). Steady ICG levels and hepatic extraction above 
0.1 were required for the calculation of HBF. PBF velocity 
was estimated noninvasively by pulsed Doppler flowmetry 
combined with real-time ultrasonography (Toshiba Medical 
Systems, Tustin, CAI. Details on the use of this method for 
the measurement of PBF in man have previously been re- 
ported (24-26). 

All measurements were performed in triplicate in each 
period of the study, and permanent tracings were ob- 
tained on a Hewlett-Packard 7754B multichannel recorder 
(Hewlett-Packard Co., Waltham, MA). Portal pressure was 
estimated from the hepatic venous pressure gradient 
(HVPG), the difference between WHVP and FHVP. Mea- 
surements of AzBF by continuous thermodilution were used 
as an  index of blood flow through gastroesophageal collaterals 
draining into the azygos vein. Mean arterial pressure (MAP) 
was measured with an automatic sphygmomanometer (Cri- 
tikon Inc., Tampa, FL) and heart rate (HR) was derived by 



232 GARCIA-PAGAN ET AL. HEPATOLOGY 

TABLE 2. Clinical data of the eight patients included in protocol B 

Dose of 
Patient Age Variceal Bilirubin Albumin Prothrombin Child-hgh HVPGx” propranolol 

No. (yr) Sex Etiology Ascites bleeding (mgldl) (gmlL) ratio (%) class (score) (mm Hg) (mglday) 
~ ~~ 

1 47 M 
2 61 F 
3 58 M 
4 54 M 
5 59 M 
6 52 M 
7 62 M 
8 48 M 

Etohb 
Crc 
Etoh 
Cr 
Cr 
Etoh 
Cr 
HBsAg 

No 
No 
No 
No 
No 
Yes 
No 
Yes 

Yes 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

1.8 
1.9 
1.1 
2.4 
1.9 
3.4 
2.2 
0.7 

34.4 
35.4 
32.4 
39.5 3 
39.2 
27.0 
35.2 
36.0 

65 
62 
60 

LOO 
80 
40 
69 
90 

20.5 
19 
16 
15 
17.5 
20 
17.5 
11 

40 
80 

120 
80 

120 
40 

120 
80 

”HVPGx = hepatic venous pressure while being administered chronic propranolol therapy. 
*Etoh = alcoholic cirrhosis. 
‘Cr = cryptogenetic cirrhosis. 

continuous ECG monitoring. Systemic vascular resistance 
(SVR) in units of dyn . sec . ~ m - ~  was calculated as 

80(MAP - RAP) 
co 

where MAP (mm Hg) is the mean arterial pressure, RAP 
(mm Hg) is the right atrial pressure and CO (L/min) is the 
cardiac output. The hepatic vascular resistance (HVR) was 
estimated as 

8O(WHVP - FHVP) 
HBF 

Because HBF represents the sum of hepatic artery and portal 
vein blood flows, this calculation will underestimate the he- 
patic resistance to PBF. HBF was calculated as 

R~co 
(A-V) l -H ,  

where R,,, is the rate of ICG infusion (mg/min), A and 
V are the plasma ICG concentrations at steady state in arte- 
rial and hepatic venous blood respectively, and Ht is the he- 
matocrit. 

After obtaining baseline measurements, propranolol was 
given intravenously (0.1 mgfkg followed by a constant in- 
fusion of 2 mg/hr), and the above-mentioned parameters were 
measured again, beginning 30 min after the propranolol in- 
fusion. Patients exhibiting a decrease in HVPG greater than 
10% were considered “responders,” whereas those failing to 
achieve such a reduction in HVPG were considered “nonre- 
sponders” (9, 10). Once these measurements were completed, 
while maintaining the continuous propranolol infusion, Is-5- 
Mn was given orally at a dose of 20 mg (n = 11) or 40 mg 
(n = 9). Hemodynamic measurements were taken again 30, 
60 and 90 min after the administration of Is-5-Mn. 

Protocol B included eight cirrhotic patients receiving 
chronic propranolol therapy: seven to prevent bleeding and 
one for primary prophylaxis. The study was performed in the 
course of a hemodynamic investigation after patients were 
stabilized on propranolol therapy for 3 to 12 mo. Further 
details on these patients, including the maintenance dose of 
propranolol, are given in Table 2. On the day of the study, 
the patients received their usual morning doses of propranolol 
at 8 AM, and hemodynamic measurements were performed 2 
hr later, including WHVP, FHVP, HVPG, MAP, and HR. In 

addition, measurements of the AzBF, HBF, CO and cardio- 
pulmonary pressures of four patients were taken using the 
procedures described above. After obtaining these measure- 
ments, a 20-mg tablet of Is-5-Mn was given orally, and all 
hemodynamic parameters were measured again after 60 min. 

The results are reported as mean & S.D. Student’s t test, 
analysis of variance, and coefficient of correlation were used 
in the statistical analysis of the results (27). Statistical sig- 
nificance was established at p < 0.05, and the Bonferroni 
method was used to correct for multiple comparisons (28). 

RESULTS 
Protocol A 

Baseline Values. All patients had severe portal hy- 
pertension, manifested by esophageal varices and a 
marked increase in HVPG, which averaged 21.5 & 3.9 
mm Hg (range = 13 to 32 mm Hg). Individual values 
are shown in Table 1. There were no differences in the 
hepatic venous pressures between patients with alco- 
holic and nonalcoholic cirrhosis, but alcoholic patients 
had a significantly lower CO than nonalcoholic patients 
(6.9 _t 1.0 vs. 8.7 _t 1.4 Llmin, p < 0.01). There were 
no other significant differences according to the cause 
of portal hypertension. 

In the overall series, portal hypertension was accom- 
panied by marked increases in AzBF (0.58 k 0.26 
L/min) and GO (7.6 f 1.4 L/min) and by a de- 
creased MAP (85.5 k 8.6 mm Hg) and SVR (880 .+- 183 
dyne * sec cm-9. These baseline findings are similar 
to those observed in previous studies from our labora- 
tory. There were no significant differences in clinical 
or hernodynamic baseline values between patients re- 
ceiving 20 or 40 mg of Is-5-Mn except in MAP, which 
was significantly lower in patients who were later 
given 20 mg of Is-5-Mn than in those who were given 
40 mg. 

Effects of Propranolol and of the Association of Pro- 
pranolol Plus Is-5-Mn on Portal Pressure and Splanch- 
nic Hemodynamics. Propranolol administration caused 
a significant reduction in portal pressure, evidenced by 
a significant decline in HVPG (from 21.5 ? 4 mm Hg 
to 18.6 ? 4 mm Hg, - 13.7% .+- 8.0%; p < 0.001). This 
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FIG. 2. Time course of effects of propranolol (PI and of propranolol plus Is-5-Mn (P + Is)  on hepatic venous pressure gradient (HVPG). 
(B = baseline values). HVPG was significantly decreased by propranolol and experienced a further significant reduction during 90 min of 
observation after administration of Is-5-Mn. (Mean 5 S.E.) NS = not significant. 

was the result of both a significant reduction in WHVP 
(mean change -5.5%) and a significant increase in 
FHVP (Fig. 1). 

The administration of oral Is-5-Mn caused a further, 
significant and sustained reduction in portal pressure. 
As shown in Figure 2, the additional decrease in HVPG 
was maintained for the 90 min of observation and 
was maximal 60 min after the administration of 
Is-5-Mn. This time point was thereafter chosen to ex- 
press changes in all hemodynamic parameters. After 
the combined drug administration, HVPG fell by 

26.5% t 8% below baseline (to 15.7 f 3 mm Hg, 
p < 0.001), an additional 13.9% reduction in HVPG af- 
ter the addition of oral Is-5-Mn to propranolol. This 
additional effect in HVPG was entirely due to a 
marked fall in WHVP (mean change: - 12.5%), without 
changes in FHVP (Fig. 1). 

The effect of propranolol on HVPG varied markedly 
from patient to  patient. HVPG decreased by more than 
10% of baseline in 11 patients who were therefore con- 
sidered "responders" to propranolol. Their mean de- 
crease in HVPG was -19.8% 2 5.2%. But HVPG in 
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FIG. 3. Effects of propranolol (P) and of propranolol plus Is-5-Mn (P + Is) on hepatic venous pressure gradient (HVPG) in patients 
responding and nonresponding to propranolol. Data are presented as percent change from baseline (B). (Mean 2 S.E.) 

TABLE 3. Comparison of changes in hepatic venous pressures in patients responding and nonresponding to 
propranolol administration 

Responders Nonresponders 

Propranolol Prop + Isd-Mn Baseline Propranolol Prop + Is-5-Mn Baseline 

24.2 f 5.1‘ WHVP (mm Hg) 26.7 2 3.8 24.5 f 3.3“ 21.9 f 2.gb 29.3 f 4.0 28.6 f 4.4 
FHVP (mm Hg) 6.3 ? 2.5 8.1 2 2.7d 7.1 f 2.8 6.3 f 2.2 7.1 f 2.1 7.4 * 2.9 
HVPG (mm Hg) 20.4 ? 3.8 16.3 f 3.2” 14.9 f 2.2‘ 22.9 f 3.9 21.5 ? 3.6“ 16.8 f 3.9‘ 

“p 0.001 vs. baseline. 
bp 0.01 vs. propranolol. 
‘p 0.001 vs. propranolol. 
dp 0.01 vs. baseline. 
‘p 0.05 vs. propranolol. 

the remaining nine patients decreased by less than 10% 
(mean change: - 6.3% & 1.8%), and they were consid- 
ered “nonresponders.” There were no differences in 
baseline clinical or hemodynamic data between “re- 
sponders” and “nonresponders.” 

The enhancing effect of Is-5-Mn on the reduction of 
HVPG achieved with propranolol was evident in both 
groups, but especially in nonresponders (Fig. 3). Table 
3 shows the changes in WHVP, FHVP and HVPG in 
propranolol responders and nonresponders. Although 
an additional 7% fall in HVPG (p < 0.05) was seen in 
the group of responders, this effect was more accen- 
tuated in the group of nonresponders; the further re- 
duction in HVPG averaged 22% (from 21.5 ? 3.6 to  
16.7 ? 4 mm Hg, p < 0.001) (Table 3) (Fig. 3). The final 
effect of the combination of propranolol and Is-5-Mn on 
HVPG was similar in both groups (mean reductions: 
27% and 26% respectively). 

As shown in Figure 4, propranolol decreased 

HBF and PBF velocity significantly (mean changes: 
-12.8% ? 19% and -16.4% ? 19.1% respectively), 
and a further significant reduction was caused by 
the addition of Is-5-Mn. AzBF decreased markedly 
after propranolol administration (average decrease: 
-38% 5 16%, p < 0.001), reflecting a decrease in 
portal-collateral blood flow. This effect was maintained 
on the subsequent administration of Is-5-Mn (Fig. 
4). The calculated HVR was not significantly modi- 
fied after propranolol was administered (1,788 5 941 
vs. 1,803 & 951 dyne - sec . cm-5) nor was it affected 
by the subsequent addition of Is-5-Mn (1,783 2 684 
dyne - sec * cm-9 (NS). There were no differences in the 
splanchnic hemodynamic effects between patients re- 
ceiving 20 or 40 mg of Is-5-Mn. Similarly, there were 
no significant differences in the effects observed in al- 
coholic patients and nonalcoholic patients. Finally, 
there were no differences on the effects of propranolol 
and of the combination of propranolol and Is-5-Mn on 
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FIG. 5. Effects of propranolol (P) and of propranolol plus Is-5-Mn (P + Is) on systemic hemodynamics. (Mean ? S.E.) (B = baseline values.) 

AzBF, HBF and PBF in propranolol responders and 
nonresponders. 

Effects of Propranolol and of the Combination of Pro- 
pranolol Plus Is-5-Mn on Systemic Hemodynamics. 
Beta-adrenergic blockade by propranolol was mani- 
fested by significant decreases in HR (-18% k 6%, 
p < 0.001) and CO (-24.5% _t 11%, p < 0.001) (Fig. 
5) .  These changes were associated with an increase in 

pulmonary artery pressure (PAP) and SVR (Fig. 5) .  
Right atrial pressure (RAP) and pulmonary capillary 
pressure (PCP) were also increased (3.1 k 2.6 vs. 
6.0 5 3.0 and 7.1 * 4.4 vs. 10.2 & 3.8 mm Hg respec- 
tively, p < 0.01). 

The addition of Is-5-Mn caused marked venous di- 
latation, evidenced by a significant fall in PAP (Fig. 5) ,  
RAP (from 6.0 -+ 3.0 to 3.7 f 2.3 mm Hg, p < 0.001) 
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T~BLE 4. Splanchnic and systemic hernodynamics before and 
after administration of Is-5-Mn in patients receiving chronic 

propranolol therapy 

Before 
Is-5-Mn 

After 
Isd-Mn p Value 

WHVP (mm Hg) 
FHVP (mm Hg) 
HVPG (mm Hg) 
AZBF (L/min) 
HBF (L/min) 
HR (bpm) 
MAP (mm Hg) 
CO (L/min) 
PAP (mm Hg) 

24.3 5 2.5 
7.2 2 2.0 

17.1 f 3.1 
0.31 2 0.15 
1.12 2 0.33 
57.9 f 4.2 
84.7 2 12.0 
5.9 5 1.2 

14.6 f 5.0 

21.5 f 1.6 
6.1 2 1.9 

15.4 f 2.1 
0.28 f 0.19 
0.82 f 0.20 
58.9 f 6.3 
74.1 2 11.0 
4.6 2 1.4 
9.6 2 2.8 

0.00 
0.01 
0.05 
NS 
NS 
NS 

0.01 
0.01 
0.05 

1 

WHVP and FHVP = wedged and free hepatic venous pressure 
respectively; HVPG = hepatic venous pressure gradient; AzBF = 
azygos blood flow; HBF = hepatic blood flow; HR = heart rate; 
MAP = mean arterial pressure; CO = cardiac output; PAP = pul- 
monary artery pressure. 

and PCP (from 10.2 2 3.8 to 6.8 rt 3.4 mm Hg, 
p < O.OOl) ,  which were associated with a further fall 
in CO (Fig. 5). MAP also decreased significantly (mean 
change: -22% & 9.5%, p < 0.001). 

Changes in hepatic hemodynamics showed no rela- 
tionship to changes in systemic hemodynamics. 

Protocol B 
In patients chronically treated with propranolol, the 

addition of Is-5-Mn also caused a significant further 
decrease in HVPG (from 17.1 & 3.1 to 15.4 2 2.1 mm 
Hg; p < 0.05), the result of a marked decline in 
WHVP and of a mild reduction in FHVP (Table 4). 
These changes were accompanied by a slight but 
significant reduction in MAP ( -  12.3% * 8%) with- 
out changes in HR (Table 4). AzBF and HBF, mea- 
sured in four patients, decreased on average by 10.8% 
and 23% respectively. Cardiopulmonary pressures and 
CO also decreased after Is-5-Mn was administered 
(Table 4). 

DISCUSSION 
Recently, several studies have focused on the possible 

use of long-acting vasodilators in the treatment of por- 
tal hypertension (29-30), a suggestion based on the ob- 
servation that agents such as saralasin (31), prazosin 
(321, clonidine (33-341, ketanserin (35-361, isosorbide 
dinitrate (37-38) and its active @etabolite Is-5-Mn (15, 
39) may cause prolonged, significant reductions in por- 
tal pressure. 

These effects have been particularly well character- 
ized in relation to Is-5-Mn. We have previously shown 
that this drug causes dose-related decreases in portal 
pressure while maintaining, and even enhancing, the 
hepatic perfusion, reflecting a reduction in the hepatic 
resistance (15). It is conceivable therefore, that the 
combination of Is-5-Mn and propranolol, an agent 
that decreases portal pressure by reducing the portal- 

collateral blood flow, may have a synergistic effect en- 
hancing the reduction in portal pressure. The recent 
demonstration that an increased resistance to PBF hin- 
ders the decrease in portal pressure after propranolol 
administration (14) and that the addition of nitroglyc- 
erin enhances the fall in portal pressure caused by pro- 
pranolol in portal hypertensive rats (19) are additional 
reasons suggesting that combined propranolol and Is- 
5-Mn administration might have an additive effect and 
lower portal pressure in patients with cirrhosis. We also 
hypothesized that such a drug combination may de- 
crease the incidence of patients “nonresponding” to pro- 
pranolol, which ranges between 30% and 50%. This 
would be important because the beneficial effects of 
propranolol in preventing variceal hemorrhage depend 
on the reduction of portal pressure (40). This study was 
designed to answer these questions. 

Results of this study clearly demonstrate that Is-5- 
Mn augments the reduction in HVPG achieved by pro- 
pranolol. In the overall group of patients, the decrease 
in HVPG achieved by the combined administration of 
propranolol and Is-5-Mn was double that achieved by 
propranolol (26.6% vs. 13.7%). It is also important to  
remark that although the reduction in HVPG caused 
by propranolol was due both to a significant decrease 
in WHVP and to an increase in FHVP, the additional 
fall in portal pressure achieved after the addition of 
oral Is-5-Mn to propranolol administration was entirely 
due to a marked fall in WHVP. As a result, the decrease 
in WHVP after the combined drug administration was 
three times greater than that caused by propranolol 
(17.5% vs. 5.5%). This may be clinically relevant be- 
cause we have previously shown that changes in the 
absolute intravariceal pressure are better reflected by 
changes in WHVP than in changes of HVPG after va- 
sopressin administration (41). It is likely, therefore, 
that the further and marked reduction in WHVP after 
the association of Is-5-Mn parallels a marked fall in 
the pressure of the esophageal varices. Our results sug- 
gest, therefore, that the net effect of this drug combi- 
nation on variceal pressure may be three times greater 
than that achieved with propranolol alone. Such a re- 
duction in variceal pressure will result in a pronounced 
decrease of variceal wall tension, which is thought to  
represent an important determinant of variceal rup- 
ture (42-44). 

The study also shows that unlike the response to 
propranolol alone, this drug combination reduces portal 
pressure in every patient, including those who were 
“nonresponders” to propranolol, so that the addition of 
Is-5-Mn totally eliminated “nonresponse” in patients. 
Actually, the beneficial effect of Is-5-Mn in enhancing 
the decrease in portal pressure was particularly evident 
in patients who did not respond to propranolol, to  the 
point that the final decrease in HVPG was identical to 
that observed in patients initially responding to pro- 
pranolol (mean decrease in HVPG: - 27% and - 26%, 
respectively). 

The combined administration of propranolol and Is- 
5-Mn can produce an additional decrease in HVPG in 
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two ways. First, the association of Is-5-Mn, a powerful 
venous dilator, can reduce the portocollateral resis- 
tance, an effect previously documented in patients re- 
ceiving Is-5-Mn (15). Second, Is-5-Mn may contribute 
to reduce portal pressure by decreasing portal venous 
inflow, a mechanism in keeping with the observed re- 
duction in PBF velocity and in HBF. As with other 
nitrates, it is likely that the reduction in portal venous 
inflow is caused by a reflex splanchnic vasoconstriction 
produced by a fall in MAP (45-46). This latter effect, 
the consequence of systemic vasodilatation and reduced 
cardiac preload and GO, constitutes a worrisome side 
effect of the combined administration of propranolol 
and Is-5-Mn. It is, however, possible that the decrease 
in arterial pressure could be less pronounced in cases 
of chronic drug administration. This is suggested by 
our observation that, in patients receiving chronic pro- 
pranolol therapy, Is-5-Mn caused an additional de- 
crease in portal pressure with a much lower effect on 
arterial pressure than in the acute study (mean de- 
crease In arterial pressure: - 12% and -22% respec- 
tively). Another undesirable side effect of the addition 
of Is-5-Mn to propranolol may be the further reduction 
in HBF. Although there is no evidence indicating that 
reduced liver blood flow during propranolol therapy ag- 
gravates liver failure in patients with cirrhosis, it is 
possible that this may be a limitation of combined phar- 
macological treatment. Clearly, this point should be 
clarified by long-term studies. 

The fact that patients who do not respond to pro- 
pranolol experienced an exaggerated response to  the 
addition of Is-5-Mn is in accordance with the suggestion 
from studies in partial portal vein-ligated rats, which 
indicate that portocollateral resistance is increased by 
propranolol (14). These studies showed that such an 
increase in portocollateral resistance hinders the de- 
crease in portal pressure caused by beta-blockade. In 
that regard the present study confirms that the effects 
of propranolol on portal pressure and total HBF are 
less pronounced than the effects on azygos blood flow, 
an index of blood flow through portocollateral vessels 
draining into the azygos vein. It is likely that the in- 
creased resistance of PBF after propranolol is admin- 
istered occurs predominantly at the portal vein and in 
collateral circulation, but to  a lesser extent in the in- 
trahepatic circulation. This is suggested by the fact 
that propranolol does not increase the intrahepatic re- 
sistance to PBF in cirrhotic rats (47). On the other 
hand, the current observation that, in patients who do 
not respond to propranolol, the addition of Is-5-Mn 
caused a marked decrease in portal pressure without 
a further reduction in AzBF, suggests that Is-5-Mn de- 
creases the resistance in the portocollateral vessels. It 
is likely, therefore, that the extent of portosystemic 
collaterals may be one of the determinants of the mag- 
nitude of the response of portal pressure to propranolol 
administration. 

In summary, this study shows that the addition of 
Is-5-Mn, the active metabolite of isosorbide dinitrate, 
to  propranolol markedly enhances the reduction of por- 

tal pressure achieved by beta-adrenoceptor blockade 
and decreases the incidence of propranolol “nonre- 
sponders.” Our data suggest that this drug combination 
may be of greater therapeutic potential than currently 
used drugs for the treatment of portal hypertension and 
points to the need for long-term controlled studies to 
verify this possibility. This is especially important 
because it is well known that vasodilating nitrates 
may induce pharmacological tolerance after prolonged 
administration (48-49), which may offset the benefi- 
cial effects demonstrated by the current investiga- 
tion. These long-term administration studies should 
also clarify whether the reductions in arterial pres- 
sure and HBF actually represent limiting factors re- 
stricting the applicability of combined pharmacological 
therapy. 

Acknowledgments: We are most grateful to Ms. 
Angels Baringo for her expert assistance in these stud- 
ies and to Ms. Mdnica Masllorens and Ms. Eulalia Ven- 
tura for secretarial support. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

REFERENCES 
Cales P, Pascal JP and a multicenter study group. Propranolol 
in the prevention of the first upper gastrointestinal tract hem- 
orrhage in patients with cirrhosis of the liver and esophageal 
varices. N Engl J Med 1987;317:856-861. 
Lebrec D, Poynard T, Capron JP, Hillon P, Geoffroy P, Roulot D, 
Chaput JC, e t  al. Nadolol for prophylaxis of gastrointestinal 
bleeding in patients with cirrhosis: a randomized trial. J Hepatol 

Ideo G, Bellati G, Fesce E, Grimoldi D. Nadolol can prevent the 
first gastrointestinal bleeding in cirrhotics: a prospective, ran- 
domized study. HEPATOLOGY 1988;8:6-9. 
The Italian multicenter project for propranolol in prevention of 
bleeding: propranolol for prophylaxis of bleeding in cirrhotic pa- 
tients with large varices: a multicenter, randomized clinical trial. 
HEPATOLOGY 1988;8:1-5. 
Bosch J ,  Groszmann RJ, Grace N, Navasa M, Mastai R, Conn 
HO, Rodes J. Propranolol in the prevention of the first hemor- 
rhage from esophageal varices: results of a randomized, double 
blind, cooperative clinical trial [Abstract]. J Hepatol1988;7:S12. 
Lebrec D, Poynard T, Bernuau J ,  Bercoff E, Novel 0, Capron JP, 
Poupon R, e t  al. A randomized controlled study of propranolol 
for prevention of recurrent gastrointestinal bleeding in patients 
with cirrhosis: a final report. HEPATOLOGY 1984;4:355-358. 
Fleig WE, Stange EF, Hunecke R, Schonborn W, Hurler U, Rai- 
ner K, Gaus W, et  al. Prevention of recurrent bleeding in cir- 
rhotics with recent variceal hemorrhage: prospective, random- 
ized comparison of propranolol and sclerotherapy. HEPATOLOGY 

Colombo M, De Franchis R, Tommasini M, Sangiovanni A, 
Dioguardi N. @-Blockade prevents recurrent gastrointestinal 
bleeding in well-compensated patients with alcoholic cirrhosis: 
a multicenter randomized controlled trial. HEPATOLOGY 1989;9: 

Bosch J ,  Mastai R, Kravetz D, Bruix J, Gaya J ,  Rigua J ,  Rodes 
J. Effects of propranolol on azygos venous blood flow and hepatic 
and systemic hernodynamics in cirrhosis. HEPATOLOGY 1984; 
4:1200-1205. 
Garcia-Tsao G, Grace ND, Groszmann RJ, Conn HO, Bermann 
MM, Patrick MJC, Morse SS, et al. Short-term effects of pro- 
pranolol on portal venous pressure. HEPATOLOGY 1986;6:101-106. 
Burroughs AK, Jenkins WJ, Sherlock S, Dunk A, Walt RP, 
Osuajor TOK, Mackie S, et  al. Controlled trial of propranolol for 
the prevention of recurrent variceal hemorrhage in patients with 
cirrhosis. N Engl J Med 1983;309:1539-1542. 
Villeneuve JP, Pomier-Layrargues G, Infante-Rivard C, Willems 

1988;7:118-125. 

1987;7:355-361. 

433-438. 



238 GARCIA-PAGAN ET AL. HEPATOLOGY 

B, Huet PM, Marleau D, Viallet A. PropranoloTfor the prevention 
of recurrent variceal hemorrhage: a controlled trial. HEPATOLOGY 

13. Queuniet AM, Czernichow P, Lerebours E, Ducrotte P, Tranvouez 
JL, Colin R. Etude controlee du propranolol dans la prevention 
des recidives hemorragiques chez les patients cirrhotiques. Gas- 
troenterol Clin Biol 1987;11:41-47. 

14. Kroeger RJ, Groszmann RT. Increased portal venous resistance 
hinders portal pressure reduction during the administration of 
P-adrenergic blocking agents in a portal hypertensive model. 
HEPATOLOGY 1985;5:97-101. 

15. Navasa M, Bosch J ,  Chesta J ,  Rodes J. Isosorbide 5-mononitrate 
reduces hepatic vascular resistance and portal pressure in pa- 
tients with cirrhosis. Gastroenterology 1988;96:1110-1118. 

16. Abshagen U, Betzien G, Endele R, Kaufmann B. Pharmacoki- 
netics of intravenous and oral isosorbide 5 mononitrate. Eur J 
Clin Pharmacol 1981;20:269-275. 

17. Groszmann RJ, Kravetz D, Bosch J ,  Glickman M, Bruix J ,  Bredt- 
feldt J ,  Conn HO, et al. Nitroglycerin improves the hemodynamic 
response to vasopresin in portal hypertension. HEPATOLOGY 

18. Hadengue A, Moreau R, Cerini R, Koshy A, Lee SS, Lebrec D. 
Combination of ketanserin and verapamil or propranolol in pa- 
tients with alcoholic cirrhosis: search for an additive effect. 
HEPATOLOGY 1989;9:83-87. 

19. Kroeger RJ, Groszmann RJ. The effect of the combination of 
nitroglycerin and propranolol on splanchnic and systemic he- 
modynamics in a portal hypertensive rat model. HEPATOLOGY 

20. Bosch J ,  Mastai R, Kravetz D, Navasa M, Rodes J. Hemodynamic 
evaluation of the patient with portal hypertension. Semin Liver 
Dis 1986;6:309-317. 

21. Bosch J ,  Groszmann RJ. Measurement of the azygos venous blood 
flow by a continous thermodilution technique: an index of blood 
flow through gastroesophageal collaterals in cirrhosis. HEPATOL- 

22. Bosch J ,  Mastai R, Kravetz D, Bruix J ,  Rigau J ,  Rod& J. Mea- 
surement of azygos venous blood flow in the evaluation of portal 
hypertension in patients with cirrhosis: clinical and haemody- 
namic correlations in 100 patients. J Hepatol 1985;1:125-139. 

23. Rowel1 LB. Measurement of hepatic splanchnic blood flow in man 
by dye techniques. In: Bloomfield DA, ed. Dye curves: the theory 
and practice of indicator dilution. Baltimore: University Park 
Press, 1974209-230. 

24. Bolondi L, Gandolfi L, Arienti V, Caletti GC, Corcioni E, Gas- 
barrini G, Lab0 G. Ultrasonography in the diagnosis of portal 
hypertension: diminished response of portal vessels to respira- 
tion. Radiology 1981;142:167-172. 

25. Ohnishi K, Saito M, Koen H, Nakayama T, Nomura F, Okuda 
K. Pulsed Doppler flow as a criterion of portal venous velocity: 
comparison with cineangiographic measurements. Radiology 

26. Navasa M, Bosch J ,  Reichen J ,  Bru C, Mastai R, Zysset T, Silva 
G, et al. Effects of verapamil on hepatic and systemic hemody- 
namics and liver function in patients with cirrhosis and portal 
hypertension. HEPATOLOGY 1988;8:850-854. 

27. Snedecor GW. Cochran WG. Statistical methods. 6th edition. 
Ames, I A  Iowa State Univesity Press, 1967. 

28. SAS Institute. SAS user’s guide: statistics. Cary, NC: SAS In- 
stitute Inc., 1982:139-199. 

29. Bathal PS, Grossmann HJ. Reduction of increased portal vas- 
cular resistance of the isolated perfused rat liver by vasodilators. 
J Hepatol 1985;1:325-337. 

30. Bosch J. Effect of pharmacological agents on portal hypertension: 
a haemodynamic appraisal. J Clin Gastroenterol 1985;14169- 
184. 

1986;6:1239-1243. 

1982;2:757-762. 

1985;5:425-430. 

OGY 1984;4424-429. 

1985;154:495-498. 

31. Arroyo V, Bosch J ,  Mauri M, Ribera F, Navarro-Lopez F, Rod& 
J. Effect of angiotensin-I1 blockade on systemic and hepatic he- 
modynamics and on the renin-angiotensin-aldosterone system in 
cirrhosis with ascites. Eur J Clin Invest 1981;11:221-229. 

32. Mills PR, Rae AP, Farah Da, Russell RI, Lorimer AR, Carter 
DC. Comparison of three adrenoreceptor blocking agents in pa- 
tients with cirrhosis and portal hypertension. Gut 1984;25:73-78. 

33. Moreau R, Lee SS, Hadengue A, Braillon A, Lebrec D. Hemo- 
dynamic effects of a clonidine-induced decrease in sympathetic 
tone in patients with cirrhosis. HEPATOLOGY 1987;7:149-154. 

34. Willett JR, Jennings G, Esler M, Dudley FJ. Sympathetic tone 
modulates portal venous pressure in alcoholic cirrhosis. Lancet 

35. Hadengue A, Lee SS, Moreau R, Braillon A, Lebrec D. Beneficial 
hemodynamic effects of ketanserin in patients with cirrhosis: 
possible role of serotoninergic mechanisms in portal hyperten- 
sion. HEPATOLOGY 1987;7:644-647. 

36. Vorobioff J ,  Garcia-Tsao G, Groszmann RT, Aceres G, Picabea 
E, Villa Vicencio R, Hernandez-Ortiz J. Long-term hemodynamic 
effects of ketanserin, a 5-hydroxytryptamine blocker, in portal 
hypertensive patients. HEPATOLOGY 1989;9:88-91. 

37. Blei AT, Garcia-Tsao G, Groszmann RJ ,  Kahrilas P, Ganger D, 
Morse S, Fung HL. Hemodynamic evaluation of isosorbide di- 
nitrate in alcoholic cirrhosis: pharmacokinetic-hemodynamic in- 
teractions. Gastroenterology 1987;93:576-583. 

38. Merkel C, Finucci G, Zuin R, Bazzerla G, Bolognesi M, Sacerdoti 
D, Gatta A. Effects of isosorbide dinitrate on portal hypertension 
in alcoholic cirrhosis. J Hepatol 1987;4:174-180. 

39. Hayes PC, Westaby D, Williams R. Effect and mechanism of 
action of isosorbide-5-mononitrate. Gut 1988;29:752-755. 

40. Groszmann RJ, Bosch J ,  Grace N, Conn HO, Garcia-Tsao G, Na- 
vasa M, Albert J ,  et al. Hemodynamic events in a prospective ran- 
domized trial of propranolol vs placebo in the prevention of the 
first variceal hemorrhage [Abstract]. HEPATOLOGY 1988;5: 1242. 

41. Bosch J ,  Bordas JM, Mastai R, Kravetz D, Navasa M, Chesta J ,  
Pizcueta MP, e t  al. Effects of vasopressin on the intravariceal 
pressure in patients with cirrhosis: comparison with the effects 
on portal pressure. HEPATOLOGY 1988;8:861-865. 

42. Polio J ,  Groszmann RJ. Hemodynamic factors involved in the 
development and rupture of esophageal varices: a pathophysio- 
logic approach to treatment. Semin Liver Dis 1986;6:318-331. 

43. Bosch J ,  Porqu6 sangran las varices esofagicas? Med Clin (Bard 

44. Rigau J ,  Bosch J ,  Bordas JM, Navasa M, Mastai R, Kravetz D, 
Bruix J ,  et al. Endoscopic measurement of variceal pressure in 
cirrhosis: correlation with portal pressure and variceal hemor- 
rhage. Gastroenterology 1989;96:873-880. 

45. Vatner SF, Pagani M, Rutherford JD, Millard RW, Manders WT. 
Effects of nitroglycerin on cardiac function and regional blood 
flow distribution in conscious dogs. Am J Physiol1978;234:H244- 
H252. 

46. Garcia-Tsao G, Groszmann RJ. Portal hemodynamics during ni- 
troglycerin administration in cirrhotic patients. HEPATOLOGY 

47. Pizcueta P, Lacy A, Kravetz D,Bosch J ,  Rodes J. Propranolol 
decreases portal pressure without changing hepatic vascular re- 
sistance in cirrhotic rats. HEPATOLOGY 1989;9:(in press) Decem- 
ber 89 issue. 

48. Abrams J. Tolerance to organic nitrates. Circulation 1986;74: 

49. Silber S. Clinical relevance of nitrate tolerance. In: Cohn 
JN, Rittinghausen R, eds. Mononitrates. Berlin-Heidelberg: 
Springer Verlag, 1985:130-146. 

1986;2:939-943. 

1984;82:401-403. 

1987;7:805-809. 

1181-1185. 




