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Abstract

AIM: To investigate if sildenafil increases splanchnic
blood flow and changes the hepatic venous
pressure gradient (HVPG) in patients with cirrhosis.
Phosphodiesterase type-5 inhibitors are valuable in
the treatment of erectile dysfunction and pulmonary
hypertension in patients with end-stage liver disease.
However, the effect of phosphodiesterase type-5
inhibitors on splanchnic blood flow and portal
hypertension remains essentially unknown.
METHODS: Ten patients with biopsy proven cirrhosis
(five females/five males, mean age 54 + 8 years)
and an HVPG above 12 mmHg were studied after
informed consent. Measurement of splanchnic blood
flow and the HVPG during liver vein catheterization
were done before and 80 min after oral administration
of 50 mg sildenafil. Blood flow was estimated by use
of indocyanine green clearance technique and Fick's
principle, with correction for non-steady state.
RESULTS: The plasma concentration of sildenafil was
222 £ 136 ng/mL 80 min after administration. Mean
arterial blood pressure decreased from 77 £ 7 mmHg
to 66 £ 12 mmHg, 2 = 0.003, while the splanchnic
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blood flow and oxygen consumption remained
unchanged at 1.14 + 0.71 L/min and 2.3 + 0.6 mmol/
min, respectively. Also the HVPG remained unchanged
(18 £ 2 mmHg vs 16 £ 2 mmHg) with individual
changes ranging from -8 mmHg to +2 mmHg. In seven
patients, HVPG decreased and in three it increased.
CONCLUSION: In spite of arterial blood pressure
decreases 80 min after administration of the
phosphodiesterase type-5 inhibitor sildenafil, the
present study could not demonstrate any clinical
relevant influence on splanchnic blood flow, oxygen
consumption or the HVPG.
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INTRODUCTION

Erectile dysfunction is a common problem affecting
about half of all patients with end-stage liver disease!™”.
The systematic use of beta-adrenergic blockade™",
initiated in order to reduce the hepatic venous pressure
gradient (HVPG), may also per se induce impotence®.
Selective phosphodiesterase type-5 inhibitors, such
as sildenafil, represent an important advance in
management of erectile dysfunction'®”. Inhibition of
phosphodiesterase type-5, the prominent isoform in
corpora cavernosa, leads to diminished degradation of
cyclic guanosine monophosphate, relaxation of smooth
muscle and blood filling of corpora cavernosa,

In rats, phosphodiesterase type-5 is also present in the

supetior mesenteric artery”. Administration of sildenafil
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results in a dose-dependent increase in mesenteric blood
flow and a minor increase in portal venous pressure,
in both the bile-duct-ligated rat, as well as in control
rats!". It has been suggested that phosphodiesterase
type-5 is also present in human mesenteric arteries' .
The use of sildenafil could, therefore, be hazardous in
patients with cirthosis and portal hypertension. Indeed,
acute variceal bleeding has been described after intake
of 25 mg sildenafil™". On the other hand, a more
recent study in patients with Child A liver cirrhosis has
shown a decrease in portal and sinusoidal resistance
after inhibition of phosphodiesterase—SM, which was
introduced as a new potential treatment modality of
portal hypertension!,

Since sildenafil seems to be valuable in the
[14]

treatment erectile dysfunction
15

and portopulmonary
lin patients with cirrhosis, the aim of the
present study was to determine if splanchnic blood flow
and HVPG are influenced by sildenafil in patients with
cirrhosis.

hypertension

MATERIALS AND METHODS

Twelve patients with biopsy-proven cirrhosis were
included in the study during diagnostic work-up and/or
evaluation for liver transplantation. None of the patients
were treated with nitrates or beta-adrenergic drugs
at the time of the study. Furthermore, only patients
with an HVPG above 12 mmHg were considered for
inclusion in this study. Two patients were excluded due
to this last criterion. Thus, 10 patients participated (five
females/five males, mean age 54 * 8 years). The reason
for referral to our tertiary liver failure unit was chronic
hepatic insufficiency in five, recurrent bleeding from
esophageal varices in four, and therapy-resistant ascites
in one patient. None of the patients had suffered from
variceal bleeding within 14 d of the study. Participation
in the study included measurement of the HVPG and
the estimation of splanchnic blood flow before and
80 min after oral administration of 50 mg of sildenafil.
All patients were included after written informed
consent, and after the local scientific-ethical committee
had approved the study.

Hepatic venous catheterization (Cordis, MP-A1,
open end catheter, Miami, USA) was performed through
the right or left intermedian cubital vein. During the
advance of the catheter, blood pressure in the right
atrium was registered. After location of a hepatic
vein, the catheter was advanced to the wedge position.
Pressure was measured #a a pressure monitoring set and
was continuously recorded (Hewlett Packard, 78354C)
and could be printed (Hewlett Packard, M1125A). The
pressure transducer was calibrated to zero pressure at
the level of the right atrium. The wedge pressure was
only accepted if the wedge position afterwards could
be confirmed by visualization of a characteristic wedge
pattern on the fluoroscope by use of X-ray contrast
media (Omnipaque 240 mg/mL, Amersham Health).
Free hepatic venous pressure was measured as close
as possible to the inferior caval vein. Pressures, free

and wedged, were measured in three different hepatic
veins and the mean was used. The catheter was then
positioned in a hepatic vein half way between wedge
position and the caval vein and used for blood sampling;

Splanchnic blood flow was estimated by use of
indocyanine green as previously described"”. In
short, indocyanine green was continuously infused
and simultaneously, five paired samples of arterial
and hepatic venous blood were drawn at intervals of
5 min. Calculation of hepatic blood flow was based on
Fick’s principle with correction for non-steady state!"".
Splanchnic oxygen consumption was calculated as
the arterio-venous oxygen content difference times
splanchnic blood flow.

Patients were given 50 mg sildenafil with 100 mL
of tap water. From 60 to 80 min thereafter, blood was
again sampled for estimation of hepatic blood flow.
HVPG was measured again, as described above, in three
different veins. Pressure in the right atrium was recorded
during withdrawal of the catheter.

Indocyanine green was determined by use of HPLC
as eatlier described"”. To ensure absorption of sildenafil,
blood was sampled 80 min after administration and
plasma sildenafil concentration was later analyzed using
automated sequential trace enrichment of dialyzates and
HPLC"™,

Statistical analysis

Data are shown as mean * SD. Paired 7 test was used
for comparison, P < 0.05 was considered statistically
significant.

RESULTS

Characteristics and clinical data from the 10 participating
patients showed that the majority had advanced cirrhosis
(Table 1). None of the patients had allergy to sildenafil.
The concentration of sildenafil in plasma was 222 £
136 ng/ml., 80 min after administration of the drug;

There was a statistically significant decrease in mean
arterial pressure from 77 + 7 mmHg to 66 + 12 mmHg,
P = 0.003, after sildenafil administration (Table 2).
No statistically significant changes were observed in
other hemodynamic variables or in splanchnic oxygen
consumption (Table 2). In particular, the HVPG
remained statistically unchanged, i.e. 18 £ 2 mmHg
before »s 16 + 2 mmHg, after administration of
sildenafil.

The plasma concentration of sildenafil at 80 min was
not statistically significantly correlated to the changes in
HVPG, splanchnic blood flow, mean arterial pressure, or
right atrial pressure.

Four patients had a decrease in HVPG i.e. 3, 3, 3
and, 8 mmHg, respectively. Two of these where Child
class A/B and all four had alcoholic cirrhosis.

DISCUSSION

This study reports the effects of sildenafil on the
splanchnic hemodynamics in patients with biopsy proven
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Characteristics Data
Age (yr) 54+8
Weight (kg) 75+16
Height (cm) 1757
Female/Male 5/5
Aetiology (ALC/AIH/PBC) 8/1/1
Varices, present 9
Bleeding, earlier 5
Ascites, present 8
Child Pugh (A/B/C) 1/2/7
GEC (umol/kg per min) 20+4
INR 1.7+05
Bilirubin (mmol/L) 64 +50
Albumin (g/L) 24+5

ALC: Alcoholic cirrhosis; AIH: Autoimmune hepatitis; PBC: Primary
biliary cirrhosis. INR: International normalization ratio; GEC: Galactose
elimination capacity, normal > 32 pymol/kg per min.

Baseline 80 min after
MAP (mmHg) 77+7 66+ 12"
HF (beats/min) 83+13 85+11
RA (mmHg) 5+1 6+2
Hepatic blood flow (L/min) 1.14+0.71 1.14 +0.94
VO, (mmol/min) 23+0.6 25+12
Wedged pressure (mmHg) 29+6 276
Free pressure (mmHg) 12+6 11£5
Gradient (mmHg) 18+2 16+2

'P = 0.003, vs baseline. VO,: Splanchnic oxygen consumption. MAP: Mean
arterial pressure; RA: Right atrial pressure.

cirrhosis and manifest portal hypertension. Despite a
small decrease in mean arterial pressure, the main finding
in this study was that the splanchnic blood flow, oxygen
consumption and the mean HVPG did not change 80
min after administration of sildenafil, i.e. at a time-point
when a therapeutic plasma concentration of sildenafil™
could be documented. These data appear to be in
accordance with preliminary results testing the effect of
an oral dose of 25 mg of sildenafil with which no effect
on portal pressure was reported, in spite a decrease in
arterial pressurem. However, our results appear to be in
contrast to an earlier study reported by Deibert e al',
in which vardenafil (another phosphodiesterase type-5
inhibitor) was found to lower portal pressure in four of
five patients with Child A cirrhosis. The reason for this
discrepancy is not clear, but three of the five patients
in that latter study"” had HVPG < 12 mmHg before
administration of vardenafil.

As illustrated in Figure 1, the individual HVPG
changes ranged from -8 to +2 mmHg. In an animal
study with bile-duct-ligated rats, a statistically significant
increase in the HVPG of 3% & 1% after intramesenteric
(10 mg/kg) administration of sildenafil has been
reported[m]. Thus, our finding suggests that the effect of
sildenafil on splanchnic hemodynamics in humans with
cirrhosis is different from that in rats. This could be due
to the uncertainty concerning which phosphodiesterase
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Figure 1 HVPG in ten patients with cirrhosis of the liver before and 80 min
after oral intake of 50 mg sildenafil.

isoform, PDES5 and/or PDE1 is present in the human
mesenteric artery!''. Tt can be argued that even a
10%-15% increase in HVPG, as seen in one out of
10 patients in our study, might be problematic in the
individual. However, small changes in the gradient
probably take place during everyday life. For example,
digestion of food increases hepatic blood flow by almost
100%. In particular, a major increase is seen in the
superior mesenteric artery and thus portal blood flow™".
Moreover, it has been demonstrated in patients with
cirrhosis that a meal increases the mean HVPG from 16
to 20 mmHg, corresponding to 25%?. This could be
even higher in the individual. The risk of expetiencing
a bleeding episode after intake of sildenafil should,
therefore, be interpreted in the light of such everyday
events.

The splanchnic hemodynamic data were collected
during rest in the present study. However, supposedly
the user of sildenafil is rarely in a resting position,
but is motre likely to increase the level of physical
activity, which is known to influence the splanchnic
hemodynamics™. In fact, physical activity, with an
exercise level of 30% of peak workload, appears to
increase HVPG from 16.7 to 19.2 mmHg™!. Working
at 50% of peak workload will not increase this HVPG
gradient any further. Thus, the physical activity, which
often is required to engage in sexual activity, may
itself slightly increase the gradient. However, and of
importance, the opposite has been observed in patients
with cirrhosis during exercise and beta-adrenergic
blockade™. In these patients, exercise at 30% of peak
workload was associated with a decrease in HVPG
from 16.3 to 12.9 mmHg"". This was explained by a
lesser increase in cardiac output and a larger decrease in
hepatic blood flow in the propranolol group compared
to the non-beta-blocker-treated group of patients.

The possible effect on splanchninc hemodynamics
after longer use of sildenafil is elusive and has not
been examined. One concern about chronic use may
be the possible renal effects. In patients with cirrhosis,
administration of a single dose of sildenafil was followed
by a decrease in sodium excretion™!. However, the
long-term renal effects may be insignificant as chronic
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administration of sildenafil prevented the decrease in
sodium excretion seen in bile-duct-ligated rats™”.

The present study shows that sildenafil does not
induce any profound clinically relevant changes in
splanchnic blood flow, oxygen consumption and HVPG.
This indicates that phosphodiesterase type-5 inhibition
is of no use as a therapeutic agent for alleviating portal
hypertension in patients with chronic end-stage liver
disease. On the other hand, the use of sildenafil in
such patients, initiated because of erectile dysfunction,
appears to be safe per se. However,, clearly more studies
on safety are needed, as the use of sildenafil is usually
associated with physical activity and often also the use
of beta blockers.

COMMENTS

Background

Erectile dysfunction is a common problem affecting about half of all patients
with end-stage liver disease. Selective phosphodiesterase type-5 inhibitors,
such as sildenafil, represent an important advance in management of erectile
dysfunction. In rats, administration of sildenafil results in a dose-dependent
increase in mesenteric blood flow and a minor increase in portal venous
pressure. The use of sildenafil could, therefore, be hazardous in patients
with cirrhosis and portal hypertension and acute variceal bleeding has been
described after intake of 25 mg sildenafil.

Research frontiers

Bleeding from esophageal varices is a major contributor to death in patients
with end-stage liver disease and it could be hazardous to recommend treatment
of erectile dysfunction with sildenafil if this treatment, in turn, leads to an
increase in hepatic venous pressure gradient (HVPG).

Innovations and breakthroughs

Another human study addressing the presented problem has been published
in abstract form, but the patients investigated all had Child class A cirrhosis
whereas, erectile dysfunction as a “quality of life problem” tends to increase
with increasing severity of liver disease i.e. Child class B and C, and such
patients where investigated in the present study.

Applications

The present study does not support a restrictive use of sildenafil in patients with
cirrhosis. Future research should be done with larger patient groups in order to
determine the long-term risk of bleeding (if any) during treatment with sildenafil.

Terminology

Liver disease leads to accumulation of fibrous tissue in the liver, and in turn,
this leads to increased resistance to the blood flow through the portal vein. The
resistance is estimated by the HVPG and the risk of bleeding from esophageal
varices in cirrhosis increases with this gradient.

Peer review

This is an interesting and informative study. The authors investigated if sildenafil
increases splanchnic blood flow and changes the HVPG in patients with
cirrhosis. Phosphodiesterase type-5 inhibitors are valuable in the treatment of
erectile dysfunction and pulmonary hypertension in patients with end-stage liver
disease.
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