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The long-term hemodynamic and renal effects of 
propranolol were compared with those of propranolol 
plus isosorbide dinitrate in 44 portal-hypertensive 
alcoholic cirrhotic patients. Eight control patients, 8 
patients receiving propranolol and 14 patients re- 
ceiving propranolol plus isosorbide dinitrate were 
hemodynamically evaluated. Renal function was 
studied in a fourth group of 14 patients receiving 
propranolol plus isosorbide dinitrate. Portal pressure 
decreased more (p < 0.05) with combined therapy 
(-21.6%, from 19.5 2 4.8 to 15.4 2 4.3 mm Hg) than 
with propranolol alone ( -  12.5%, from 19.9 2 1.2 to 
17.4 f 1.8 mm Hg). Serum urea and creatinine levels, 
plasma sodium concentration, urine volume and 
urinary sodium excretion showed nonsignificant 
changes in all groups studied. Combined therapy in- 
duced a significant (p < 0.05) decrease in plasma renin 
activity (from 4.42 f 4.7 to 1.59 1.9 ng/ml/hr) and 
nonsignificant reductions in plasma aldosterone con- 
centration and creatinine clearance. None of the eight 
patients with ascites or history of ascites not receiving 
isosorbide dinitrate showed evidence of impairment in 
renal sodium metabolism during the study period. In 
contrast, 8 of the 14 patients (57%) with ascites or 
history of ascites receiving isosorbide dinitrate showed 
impairment in renal sodium metabolism (p < 0.01), as 
reflected by the development or worsening of ascites 
and the need of higher diuretic requirements. 
Long-term combined administration of propranolol 
plus isosorbide dinitrate is superior to propranolol 
alone in the pharmacological treatment of portal 
hypertension. However, the deleterious effects ob- 
served in patients with ascites or even with a prior 
history of ascites preclude recommendation of this 
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therapy for all patients, making it more suitable for 
patients without advanced liver disease. (HEPATOLOGY 
1993; 18~477-484.) 

Propranolol, a nonselective P-adrenergic blocker, de- 
creases portal pressure (PP) (1-3). This portal-hy- 
potensive effect is mediated by a reduction of blood 
inflow into the portocollateral circulation (4-5) and has 
been the basis for its clinical application in the pharma- 
cological treatment of portal hypertension (6-10). 
However, on the basis of the hemodynamic response 
observed in patients, two problems related to pro- 
pranolol administration still persist: on one hand, the 
existence of a group of nonresponders, regardless of the 
administered dose (2, l l ) ;  and on the other, the variable 
reduction of PP seen in responders (2, 11, 12). This 
heterogeneous response could be related to a concom- 
itant increase in portocollateral resistance that coun- 
teracts the hypotensive effects of decreasing blood flow 
through the portocollateral circulation (13). It may also 
reflect an unresponsive state to propranolol, as sug- 
gested by results observed in a portal-hypertensive 
animal model (14). 

Organic nitrates have also been shown to have 
hypotensive effects on the portal circulation (15-17). 
Isosorbide dinitrate (ISDN), a long-acting organic ni- 
trate with predominantly venous vasodilatory effects, 
decreases PP in cirrhotic patients (15, 18). Previ- 
ous investigations suggest that nitrates decrease PP 
through a reduction in portal vascular resistance, a 
decrease in portal blood flow (19, 20) or both. However, 
arterial hypotension induced by long-term adminis- 
tration of nitrates could be potentially deleterious for 
renal function in cirrhotic patients (21). 

Both experimental (22) and clinical studies (23, 24) 
suggest that the addition of nitrates enhances the 
portal-hypotensive effects of propranolol. Therefore this 
study was designed to examine the hemodynamic and 
renal effects noted after long-term combined adminis- 
tration of propranolol and ISDN in portal-hypertensive 
alcoholic cirrhotic patients. 
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TABLE 1. Baseline data of the 44 patients studied 

Hemodynamic evaluation Renal effects 

Propranolol plus Propranolol plus 
Parameters Control group Propranolol ISDN ISDN 

No. of patients 8 8 14 14 
Age (yr)" 59 i 7 55 t 7 55 t 6 59 ? 6 
Sex (MIF) 71 1 7/1 1014 11/3 
Bilirubin (mg/dl)" 1.9 t 1.6 2.1 ? 1.8 2.1 t 1.6 2.3 t 1.4 

Prothrombin (%)a 78 t 18 70 t 8 78 t 15 73 i 17 
Child-Pugh score" 6.9 * 2.1 7 t 2  7.2 t 2.2 7.2 t 1.7 
HVPG (mm Hg)" 17.8 t 4.1 19.9 t 1.2 19.5 f 4.8 
CI (L/min/m2)" 2.9 t 0.9 3.6 t 0.8 
PVR (dynes . sec . cm 5)" 1,428 i 378 1,189 t 198 1,438 ? 656' 
MAP (mm Hg)" 99 t 10 98 t 8 100 t 12 94 t 7 
HR (beatslmin)" 69 t 6 75 t 13 77 14 77 t 12 
Creatinine (mgldl)" 1.1 t 0.2 1 t 0.2 1.05 * 0.2 1.3 ? 0.3 
Urea (mg/dl)" 32 t 4 33 ? 4 30 ? 9 31 ? 13 

Albumin (gmL)" 3.2 ? 0.5 3.4 t 0.7 3.3 ? 0.7 3.3 t 0.6 

- 
3.8 * 1.5' - 

- 

Ascites (no. of patients) 2 2 5 5 

"Data expressed as mean t S.D. 
'Data based on results from nine patients. 

PATIENTS AND METHODS 
Forty-four patients, all of whom had alcoholic cirrhosis and 

portal hypertension, were consecutively included in this study. 
The diagnosis of cirrhosis was established by liver biopsy, 
laparofibroscopy or both in all patients. There were 35 men and 
9 women with a mean age of 57 ? 7 yr. All 44 patients had 
esophageal varices as diagnosed by endoscopy. The severity of 
liver disease was graded according to Pugh's criteria, in which 
class A patients were defined as having a score of 5 to 6, class 
B patients 7 to 9 and class C patients 10 to 15 points (25). All 
patients had abstained from alcohol for at least 4 wk at  the 
time of the study. Baseline data of the 44 patients studied are 
shown in Table 1. The present investigation was approved by 
the Human Investigation Committee of participating centers, 
and patients gave informed consent to participate in the study. 

Hemodynamic Studies 
PP was determined by the hepatic venous pressure gradient 

( H W G ) ,  which is obtained by subtracting the free hepatic 
venous pressure (FHVP) from the wedged hepatic venous 
pressure (WHVP). An HVPG of at least 12 mm Hg was 
required for entry into the study. After an overnight fast, right 
hepatic vein catheterization was performed percutaneously 
through the femoral vein, and pressure was recorded in both 
the wedged (occluded) and the free position with a balloon 
catheter (26). The wedged position was checked by the absence 
of reflux after the injection of 2 ml of contrast medium. 
Pressures were measured with a strain-gauge transducer, 
which was previously calibrated, and recorded on paper. Each 
pressure reading was recorded at least in duplicate, and for 
each an electronic mean was obtained. The pulmonary artery 
was catheterized through the femoral vein with a Swan-Ganz 
catheter (Edwards Laboratory, Los Angeles, CA), and cardiac 
output (GO) was measured by thermodilution. Each mea- 
surement was done in triplicate, and an average was taken. 
Cardiac index (GI) was calculated by dividing the GO by the 
patient's body surface. 

Arterial pressure was measured by sphygmomanometry. 
Mean arterial pressure (MAP)  was calculated according to the 
following formula: MAP = (Systolic pressure + Diastolic 
pressure x 2)/3. 

Peripheral vascular resistance (PVR) was calculated ac- 
cording to the following formula: PVR (dynes-sec. 
~ m - ~ )  = [(MAP - RAp)/COl x 80, where RAP indicates 
right atrial pressure. Heart rate (HR) was recorded on paper. 
After baseline hemodynamic measurements were obtained, 
the patients were followed up and divided into three groups. 

Group I (Control Group). A group of eight patients was 
followed up for 47 -t 9 days without receiving vasoactive 
drugs. Two of the eight patients were each receiving spirono- 
lactone (100 mg/day) because of the presence of ascites. 
Another two patients of this group were on a low-sodium diet 
(2 gm/day) because in the past they had had ascites. The 
patients were restudied after the observation period. 

Group 2 (Propranolol). This group of eight patients re- 
ceived propranolol twice a day at a dose necessary to decrease 
the HR by 25%. The mean dose received by the patients was 
140 ? 49 mg/day (range = 80 to 240). Two of the eight 
patients had ascites at inclusion. These two patients were 
taking spironolactone. One of them received 100 mg/day, and 
the other received 150 mg/day. These patients were also on a 
low-sodium diet (2 &day). Two additional patients, who had 
had ascites in the past, were on a low-sodium diet (2 gm/day). 
The patients were restudied after 50 * 10 days of treatment. 

Group 3 (Proprunolol Plus ISBN). This group of 14 patients 
received propranolol twice a day at  a dose necessary to reduce 
the HR by 25%. At this time, ISDN was started orally twice 
daily at increasing doses, which were adjusted to avoid 
reductions in MAP of more than 20%. The mean dose of 
propranolol in this group was 159 ? 69 mg/day (range = 80 to 
320), and the mean dose of ISDN was 40 ? 17 mg/day 
(range = 15 to 60). Five of the 14 patients had ascites at 
inclusion. All of them were treated with spironolactone (100 
mg/day in two patients and 150 mg/day in the other three). The 
five patients were also on a low-sodium diet (2 gmiday). Two 
other patients in this group were on a low-sodium diet (2 
&day) because they had had ascites in the past. The patients 
were restudied after 47 2 13 days of treatment. 

Blood samples were obtained for measurement of serum 
urea and creatinine levels. Urine volume and urinary sodium 
excretion were measured before and after treatment. He- 
modynamic studies were performed a minimum of 6 hr after 
drug administration. A decrease of at least 10% in the 
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TABLE 2. Changes in hemodynamic parameters and serum urea and creatinine levels in the control group (n = 8) 

Parameters Baseline" Evaluationo Percentage" p Value 

WHW (mm Hg) 26.5 t 5.8 26.8 t 5.2 1.6 t 4.8 NS 
FHVP (mm Hg) 8.8 t 2.9 9.5 t 3.4 7.6 -c 15 NS 

MAP (mm Hg) 99 t 10 97 t 12 -1.1 c 11 NS 
RAP (mm Hg) 4.1 t 1 4.4 t 1.2 9 t 32 NS 
HR (beatsimin) 69 t 6 73 t 14 5.9 c 19 NS 
CI (L/min/m2) 2.93 t 0.9 2.83 t 0.8 -2.4 It 13 NS 
PVR (dynes . sec . cm - 5, 1,428 ? 378 1,454 -t 474 2.4 t 21 NS 
Urea (mg/dl) 32.1 .t 3.7 31.9 t 2.6 - NS 
Creatinine (mg/dl) 1.1 t 0.2 1.2 t 0.4 - NS 
Urine volume (mu24 hr) 1,872 It 627 1,939 t 597 - NS 
Urinary Na (mEq/L) 62 t 39 57 t 37 - NS 
Body weight (kg) 77.1 t 5 75.3 % 6 - NS 

HVPG (mm Hg) 17.8 ? 4.1 17.3 t 4.3 -2.8 -+ 8.4 NS 

NS = not significant. 
"Data expressed as mean -C S.D. 

H " G  was required for patients to be considered as re- 
sponders. 

Evaluution of Renal Function and Ascites Formation 
To evaluate the possible influence of ISDN on renal function 

and ascites formation, we studied an additional group of 
patients. 

Group 4 (Fropranolol Plus ISDN, Renal Effmts). A group of 
14 patients was treated similarly to patients in group 3. The 
mean dose of propranolol in this group was of 146 +- 35 mg/day 
(range = 80 to 200) and for ISDN was 45 k 8 mg/day 
(range = 20 to 60). HR, MAP, serum urea and creatinine 
levels, creatinine clearance, plasma sodium, urinary sodium 
excretion, plasma renin activity (PRA) and aldosterone levels 
were measured at baseline, during propranolol administration 
and during combined therapy. PRA (CIS Bioindustries, Gif- 
sur-Yvette, France) and aldosterone (Diagnostic Products 
Corp., Los Angeles, CA) were measured by RIA. Blood samples 
were centrifuged at 4" C, and the plasma was frozen at - 70" 
C until assay. Five of the 14 patients had ascites at inclusion. 
Three patients each received spironolactone, 150 mg/day, and 
the other two patients each received 100 mglday. All these 
patients were on a low-sodium diet (2 gmlday). Two additional 
patients in this group were on a low-sodium diet (2 gmlday) 
because they had had ascites in the past. The mean period of 
treatment for these patients was 48 2 6 days. 

Weekly follow-up visits were scheduled during the evalu- 
ation period for all patients. Compliance was assessed by 
anamnesis, pill count, HR and arterial blood pressure mea- 
surement at each visit. 

Statistical Analysis. Data are shown as mean 2 S.D. 
Differences between means were analyzed by paired or 
unpaired Student's t test or ANOVA as appropriate. In some 
instances either or both the x2 and Fisher's exact test were 
used. The correlation coefficient was calculated. Results are 
considered significant at p < 0.05. 

RESULTS 

Splanchnic and Systemic Hemodynamics During 
Administration of Propranolol and Propranolol Plus 
ISDN 

Splanchnic Hemodynamics. Group 1 (control group) 
showed no significant changes in splanchnic hemodynamics 
during the follow-up period (Table 2). 

In group 2 (propranolol) the mean HVPG decreased signif- 
icantly after propranolol administration, from 19.9 2 1.2 to 
17.4 rt 1.8 mm Hg (p < 0.01) (a mean decrease of 12.5% r 
9.1%). This reduction in HVPG resulted mainly from a 
significant decrease in WHVP, from 26.9 +- 2.3 to 24.9 2 2.2 
mm Hg (p < 0.02) (a mean decrease of 7.3% * 6.1%). Two of 
the eight patients (25%) did not show a decrease in the HVPG 
after long-term propranolol administration. The HVPG did not 
decrease below 12 mm Hg in any of the responders. The FHVP 
showed a mild, nonsignificant increase from 7 t 1.5 to 
7.5 2 1.6 mm Hg (Table 3 and Fig. 1). 

In group 3 (propranolol plus ISDN) the mean HVPG 
decreased significantly after combined therapy, from 
19.5 2 4.8 to 15.4 t 4.3 mm Hg (p < 0.001) (a mean decrease 
of 21.6% 2 8.9%). This reduction was significantly higher 
(p < 0.05) than that obtained with propranolol alone (95% CI, 
- 1.7 to - 3.6 mm Hg in the propranolol group and - 3.5 to 
-4.8 mm Hg in the patients with combined therapy). Two of 
the 14 patients (14%) did not show a decrease in the HVPG 
after combined therapy. In 4 of the 14 patients (29%) the 
HVPG decreased below 12 mm Hg during combined therapy. 
The reduction in HVPG was mainly caused by a reduction in 
WHVP from 27.8 t 5.6 to 24.4 2 5.2 mm Hg (p < 0.01). (a 
mean decrease of 11.9% * 10.8%). The FHVP showed a mild, 
nonsignificant increase from 8.3 * 3.7 to 9.1 * 2.6 mm Hg 
(Table 4 and Fig. 1). 

Systemic Hemodynamics. Group 1 (control group) showed 
no significant changes in systemic hemodynamics during the 
follow-up period (Table 2). 

In group 2 (propranolol) the mean baseline HR decreased 
from 75 f 13 to 54 IT 6 beats per minute (p < 0.001) (a mean 
decrease of 27% +- 6.3%) after long-term propranolol admin- 
istration. CI decreased significantly from 3.59 2 0.7 to 
2.31 2 1.5 L/min/m2 (p < 0.05) (a mean decrease of 
38% 2 31%). No significant correlations were found between 
HR and HVPG or between CI and HVPG reductions. Changes 
induced by propranolol in MAP (from 98 +- 8 to 94 & 11 mm 
Hg), systolic arterial pressure (from 133 2 13 to 129 t 17 mm 
Hg) and diastolic arterial pressure (from 81 rt 7 to 77 t 10 
mm Hg) were nonsignificant. The mean baseline PVR of eight 
patients was 1,189 2 189 dynes sec - cmF5, which increased 
significantly to 2,309 +- 1,195 dynes - sec - cmP5 (p < 0.05) 
after long-term propranolol administration (Table 3 and Fig. 
1). 

In group 3 (propranolol plus ISDN) the mean baseline HR 
decreased from 77 2 14 to 58 t 12 beats per minute 
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TABLE 3. Changes in hernodynamic parameters and serum urea and creatinine levels in the propranolol group (n = 8 )  

Parameters Baseline- Evaluation" Percentage" p Value 
~~ ~ 

W H W  (mm Hg) 
FHVP (mm Hg) 
HVPG (mm Hg) 
MAP (mm Hg) 
RAP (mm Hg) 
HR (beatsimin) 
CI (L/min/m2) 
PVR (dynes * sec . cm ~ 5,  

Urea (mgidl) 
Creatinine (mgidl) 
Urine volume (m1/24 hr) 
Urinary Na (mEq/L) 
Body weight (kg) 

26.9 f 2.3 
7 & 1.5 

19.9 f 1.2 
98 2 8 
2.3 & 1.7 
75 f 13 

3.59 ? 0.7 
1,189 f 198 

33 f 4.2 
1 f 0.23 

1,902 f 479 
71 ? 36 

76.7 f 6 

24.9 2 2.2 
7.5 f 1.6 

17.4 f 1.8 
94 f 11 
3.5 ? 2.1 
54 f 6 

2.31 & 1.5 
2,309 & 1,195 

37.6 ? 15 
1.12 f 0.34 

1,979 ? 623 
67 f 41 

75.1 ? 7 

-7.3 f 6.1 
8.1 2 16.6 

-12.5 f 9.1 
-2.9 _t 15 

63 f 74 
-26.6 '-i- 6.3 
-37.6 '-i- 31 

94 f 96 
- 

- 

- 
- 
- 

0.02 
NS 

0.01 
NS 

0.02 
0.001 
0.05 
0.05 
NS 
NS 
NS 
NS 
NS 

NS = not significant. 
"Data expressed as mean & S.D. 

(p < 0.001) (a mean decrease of 23% ? 14%) after combined 
therapy. CI was available in nine patients. It decreased 
significantly from 3.79 i 1.5 to 2.57 i 0.8 L/min/m2 
(p < 0.01) (a mean decrease of 28.4% i 18%). No significant 
correlations were found between HR and HVPG or between CI 
and HVPG reductions. MAP decreased significantly with 
combined therapy, from 100 -C 12 to 86 * 13 mm Hg 
(p < 0.001) (a mean decrease of 14.8%), because of significant 
reductions in both the systolic arterial pressure, from 
137 i 19 to 113 * 18 mm Hg (p < 0.001), and the diastolic 
arterial pressure, from 84 i 10 to 73 i 12 mm Hg 
(p < 0.001). No significant correlation was found between 
MAP and HVPG reductions. The mean PVR in nine patients 
increased from 1,438 i 656 to 1,623 * 673 dynes * sec - cmP5 
(not significant) (Table 4 and Fig. 1). 

Effects on Renal Function and Ascites Formation 
In group 1 (control group) serum urea and creatinine levels, 

urine volume and urinary sodium excretion did not change 
significantly during the follow-up period (Table 2). The two 
patients who had ascites at inclusion responded to diuretic 
treatment and remained free of ascites until the end of the 
study. The mean required dose of spironolactone was of 100 
mg/day, a dose that remained unchanged throughout the 
study. During the study ascites did not develop in either of the 
two patients with a history of previous ascites who were on salt 
restriction alone. The mean body weight of the eight patients 
decreased from 77.1 i 5 to 75.3 * 6 kg (not significant). 

In group 2 (propranolol) serum urea and creatinine levels, 
urine volume and urinary sodium excretion did not change 
significantly during the follow-up period (Table 3). The two 
patients who had ascites at inclusion responded to diuretic 
treatment and remained free of ascites until the end of the 
study. The mean required dose of spironolactone was of 
125 t 35 mglday, a dose that remained unchanged throughout 
the study. During the study ascites did not develop in either of 
the two patients with a history of previous ascites who were on 
salt restriction alone. The mean body weight of the eight 
patients decreased from 76.7 f 6 to 75.1 ? 7 kg (not sig- 
nificant). 

In group 3 (propranolol plus ISDN) serum urea, urine 
volume and urinary sodium excretion did not change signifi- 
cantly during the follow-up period. Serum creatinine levels 
showed a modest but significant increase from 1.05 * 0.2 to 
1.13 ? 0.3 mg/dl (p < 0.05) (Table 4). Three of the five 

patients who had ascites at inclusion responded to diuretic 
treatment and remained free of ascites until the end of the 
study. The mean dose of spironolactone these patients re- 
quired was of 117 ? 29 mg/day. In the other two patients 
ascites not only persisted but worsened during the treatment 
period, requiring an increase in diuretic dosage. The mean 
required dose of spironolactone for these two patients was of 
300 mg/day. One of the two patients with a history of ascites 
who was on salt restriction alone required diuretic adminis- 
tration (spironolactone, 150 mg/day) during the study because 
ascites developed. Mean body weight of the 14 patients 
increased from 75.2 i 6 to 79 k 5 kg (p < 0.05). 

In group 4 (propranolol plus ISDN, renal effects) the mean 
baseline HR was 77 * 12, and this decreased to 57 * 12 beats 
per minute (p < 0.001) (a mean decrease of 26% ? 11%) after 
combined therapy. MAP decreased from 94 i 7 to 83 i 15 
mm Hg (p < 0.02) (a mean decrease of 11% i 15%) (Table 5). 

Two of the five patients who had ascites at inclusion 
responded to diuretic treatment and remained free of ascites 
until the end of the study. The mean required dose of 
spironolactone was of 125 % 35 rnglday. In the other three 
patients ascites not only persisted but worsened during the 
treatment period, requiring an increase in diuretic dosage. 
The mean required dose of spironolactone for these patients 
was of 267 * 58 mg/day. The two patients with a history of 
ascites who were on salt restriction alone required diuretic 
administration (spironolactone 150 mg/day in one patient and 
200 mg/day plus furosemide 40 mg/day orally in the other) 
because ascites developed in both during the study. The mean 
body weight of the 14 patients increased from 75.6 2 9 to 
78.2 * 9 kg (p < 0.05) after combined therapy. The mean 
increase in patients with ascites (n = 7) was of 4.4 i 6.6 kg, 
whereas in patients without ascites (n = 7) it was of 
0.99 i 2.3 kg. 

Serum urea and creatinine levels, urine volume and urinary 
sodium excretion, plasma sodium concentration and creatinine 
clearance showed nonsignificant changes during the study 
period. The evolution of these parameters was similar between 
patients with and without ascites. PRA decreased from 
4.42 i 4.7 to 1.59 * 1.9 ng/ml/hr (p < 0.05) after combined 
therapy. Plasma aldosterone showed a nonsignificant decrease 
from 351 i 331 to 256 * 279 pg/ml after treatment (Table 5). 
Baseline PRA and aldosterone in the patients with ascites or 
with a history of ascites was higher than in the nonascitic 
patients (6.62 f 5.9 vs. 2.22 * 1.22 ng/ml/hr, not significant; 
and 575 * 340 vs. 127 * 69 pg/ml, p < 0.001, respectively). 
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FIG. 1. Comparison of the effects of propranolol (PROPR) and propranolol plus ISDN on splanchnic and systemic hemodynamics. Data are 
presented as the percentage of change in their respective baseline values. The vertical lines indicate the S.E.M. 

TABLE 4. Changes in hemodynamic parameters and serum urea and creatinine levels in the propranolol-plus-ISDN 
group (n = 14) 

Parameters Baseline" Evaluation" Percentage" p Value 

WHVP (mm Hg) 27.8 f 5.6 24.4 f 5.2 -11.9 t 10.8 0.01 
FHVP (mm Hg) 8.3 f 3.1 9.1 t 2.6 14.8 t 36.3 NS 
HVPG (mm Hg) 19.5 t 4.8 15.4 t 4.3 -21.6 t 8.9 0.001 
MAP (mm Hg) 100 f 12 86 f 13 - 1 4 f  8 0.001 
RAP (mm Hg) 3.8 f 1.8 5.9 t 3.1 91 t 158 0.05 
HR (beatdmin) 77 t 14 58 f 12 -23.4 f 14 0.001 
CI (L/min/m2)b 3.79 f 1.5 2.51 5 0.8 -28.4 t 18 0.01 
PVR (dynes see . em- 5)b 1,438 t 656 1,623 t 673 21.9 t 55 NS 
Urea (mgfdl) 30 t 9 33 t 8 - NS 
Creatinine (mgfdl) 1.05 f 0.2 1.13 f 0.3 - 0.05 
Urine volume (mu24 hr) 1,133 t I01 1,821 k 593 - NS 
Urinary Na (mEq/L,) 65 f 43 I1 f 37 - NS 
Body weight (kg) 15.2 t 6 79 t 5 - 0.05 

NS = not significant. 
"Data expressed aa mean t S.D. 
*Data based on results from nine patients. 

Comparative Analysis Between Patients Receiving 
and Not Receiving ISDN 

To evaluate the possible influence of ISDN on renal function 
and ascites formation, we compared all patients, dividing them 

into groups of patients receiving and not receiving ISDN (Table 
6). 

Sixteen patients did not receive ISDN (groups 1 and 2) and 
28 patients received ISDN (groups 3 and 4). Eight of the 16 
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TABLE 5. Renal effects of propranolol plus ISDN 

Parameters Baseline Propranolol Propranolol plus ISDN 

HR (beatdmin) I1 t 12" 55 f 5 57 ? 126 

Urea (mg/dl) 31 t 13 33 f 7 35 ir 10 
MAP (mm Hg) 94 t I 89 f 12 83 f 15' 

Creatinine (mgidl) 1.32 2 0.3 1.37 c 0.3 1.35 ir 0.2 
Creatinine clearance (ml/min) 85 IT 23 79 f 17 16 f 15 
Plasma sodium (mEq/L) 135 s 3 136 t 5 131 s 5 
Urine volume (mu24 hr) 
Urinary sodium (mEq/L) 53 f 42 61 f 37 61 f 33 
Body weight (kg) 75.6 t 9 76 ir 8 78.2 f 9' 
PRA (ng . ml- . hr ~ l) 4.42 -+ 4.1 1.12 ? 1.3' 1.59 ? 1.9' 
Aldosterone (pg/ml) 351 ir 331 218 ? 232 256 5 279 

1,775 f 645 2,057 _t 835 1,954 f 845 

~~ ~~ ~~ 

"Data expressed as mean ir S.D. 
'p < 0.01 compared with baseline. 
"p < 0.05 compared with baseline. 

TABLE 6. Comparative analysis between patients receiving and not receiving ISDN 
Patients not receiving Patients receiving 

Parameters ISDN (n = 16) ISDN (n = 28) p Value 

Ascites and/or history of ascites 8 (50%)" 14 (50%)" NS 
No. of patients receiving diuretics at baseline 4 (25%)" 10 (36%)" NS 
Diuretic dosage at baseline (spironolactone, mg/day)b 113 t 25' 130 ? 26" NS 
No. of patients with ascites developing or increasing 0 (0%)" 8 (29%)" 0.05 
Diuretic dosage during treatment (spironolactone, mg/day)' 113 f 25' 192 ? 81" 0.01 

NS = not significant. 
"Data expressed as no. of patients (percentage of whole) 
'Patients with ascites or prior history of ascites. 
'Data expressed as mean t S.D. 

patients (50%) in groups 1 and 2 had ascites or history of 
ascites, whereas 14 of the 28 patients (50%) in groups 3 and 4 
had ascites or history of ascites (not significant). At inclusion, 
the mean daily dose of spironolactone was 113 & 25 mglday for 
those patients with ascites not receiving ISDN and 130 5 26 
mglday for those patients with ascites receiving ISDN (not 
significant). 

None of the 8 patients with ascites or history of ascites not 
receiving ISDN showed signs of impairment in their renal 
sodium metabolism, whereas 8 of the 14 patients (57%) with 
ascites or history of ascites receiving ISDN worsened clinically 
in terms of their renal sodium metabolism (x2, 7.18, p < 0.01; 
Fisher's exact test, p < 0.05) (Fig. 2). The mean daily dose of 
spironolactone required by these 8 patients at the end of the 
study was 238 * 69 mg/day, significantly different from the 
dose they received at inclusion in the study (88 & 74 mglday) 
(p < 0.001). At the end of the study 13 patients receiving and 
4 patients not receiving ISDN were receiving diuretics. The 
mean daily dose of spironolactone was 192 k 81 mglday for 
those receiving and 113 +- 25 mg/day for those patients not 
receiving ISDN (p < 0.01). 

DISCUSSION 
The results of this hemodynamic study show that 

long-term combined therapy with propranolol and ISDN 
has a more pronounced hypotensive effect on PP than 
the administration of propranolol alone. The mean 
decrease of H W G  in patients with combined treatment 
(21.6%) was significantly higher than that obtained with 

propranolol (12.5%). Also, the proportion of nonre- 
sponders was smaller, although not significantly so, in 
patients receiving combined therapy than in those 
receiving propranolol alone. Moreover, in four patients 
receiving propranolol plus ISDN PP decreased to values 
below 12 mm Hg. These data are relevant because it has 
been recently shown that patients whose PP is decreased 
to 12 mm Hg or less are protected against variceal 
bleeding (12). 

How could the addition of ISDN have influenced the 
splanchnic circulation in these patients? First, it could 
have reduced the portal vascular resistance. Evidence 
favoring this hypothesis is based on previous investiga- 
tions that show that isosorbide-5-mononitrate, ISDN's 
main vasoactive metabolite, exerts a vasodilatory effect 
on the portal venous system (16). However, not all 
patients respond in a similar way. For example, a 
variable effect on the collateral circulation was observed 
after nitroglycerin administration to portal-hyper- 
tensive patients (17). Second, another mechanism by 
which ISDN may enhance the portal-hypotensive effect 
of propranolol could be a greater splanchnic arterial 
vasoconstriction, resulting in a larger fall in portal 
tributary flow. This arterial vasoconstriction occurs in 
response to venous dilatation and pooling (27). In 
support of this mechanism, MAP decreased significantly 
in patients receiving combined therapy, whereas those 
receiving propranolol alone showed only a mild re- 
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FIG. 2. Comparison of patients receiving (W) and not receiving (0) ISDN in terms of ascites development or impairment during the study 
period. 

duction. A third possibility is that none of these 
mechanisms could totally explain the effects of ISDN on 
the portal circulation, but a combination of both may be 
responsible for the observed results in our patients. 

Combined treatment with propranolol and ISDN also 
induced marked changes in systemic hemodynamics. HR 
decreased significantly, as it did with propranolol alone. 
Although lack of tachycardia after ISDN addition could 
be explained by the decreased pulse-rate response 
observed after maneuvers that result in venous pool- 
ing (281, sustained bradycardia induced by coexistent 
P-adrenergic blockade seems to be a more reasonable 
explanation for the HR findings. CO showed a similar 
reduction in both treatment groups. Absence of reflex 
tachycardia normally induced by nitrates would explain 
this observation. Finally, MAP behaved differently in 
both groups, decreasing significantly in patients re- 
ceiving combined treatment. A close follow-up of this 
parameter during the treatment period clearly demon- 
strated that this difference is caused by the addition of 
ISDN. As a consequence of these changes in CO and 
MAP, PVR showed a slight rise in these patients, 
whereas in those treated with propranolol alone, it 
significantly increased. 

The effects of both therapies on ascites control and 
formation were also different. The most striking obser- 
vation was an impairment of the clinical condition in 
patients with ascites induced by the combined therapy. 
This effect was also observed in some compensated 
patients in whom ascites developed while they were 
receiving propranolol plus ISDN. These changes were 
clearly reflected by the significant increase in body 
weight in these patients, which made an increase in 
diuretic administration necessary. Modest increases in 

plasma levels of urea and creatinine (within the normal 
range in all patients) and a slight decrease in creatinine 
clearance accompanied this clinical observation. Lack of 
significant changes in urinary sodium excretion was 
probably a consequence of diuretic dosage increment. 

It is important to stress that patients receiving 
combined treatment showed a sustained reduction in 
MAP. This peripheral hemodynamic effect could have 
adversely affected renal sodium metabolism by in- 
creasing renal vasoconstriction and then sodium re- 
tention. One or more other endogenous neurohumoral 
systems, besides renin-angiotensin, that were signifi- 
cantly blocked by propranolol could mediate this vaso- 
constriction (29, 30). Finally, and very important, as 
soon as the treatment was stopped at the end of the 
study, patients with ascites or with a prior history of 
ascites receiving ISDN improved substantially, and their 
diuretic regimen and body weight returned to baseline 
values within a short period of time. Our results are 
consistent with a recent report of Salmeron et al. (21) in 
which, although performed acutely, an impairment in 
renal function was demonstrated after isosorbide-5- 
mononitrate administration to  cirrhotic patients with 
ascites. 

In conclusion, this study shows that long-term com- 
bined administration of propranolol plus ISDN is su- 
perior to administration of propranolol alone as a 
portal-hypotensive agent in alcoholic cirrhotic patients, 
confirming recent data from Garcia-Pagan et al. (24). 
However, the deleterious effect observed in patients 
with ascites or even with a history of ascites precludes 
recommendation of this therapy for all patients, making 
it more suitable for cirrhotic patients without advanced 
liver disease. 
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