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Abstract: Cirrhotic cardiomyopathy is a recently identified pathological condition defined as "a chronic cardiac dysfunc-

tion in patients with cirrhosis characterized by blunted contractile responsiveness to stress and/or altered diastolic relaxa-

tion with electrophysiological abnormalities, in the absence of known cardiac disease". Overall there seems to be a link 

between the progression of liver function impairment, the development of portal hypertension and the degree of hyperdy-

namic circulation, the hallmark of the deranged cardiovascular function in advanced liver diseases. Although mechanical 

factors contribute to much of the increased resistance within the liver in portal hypertension, there is clearly a vasculo-

genic component to the development, perpetuation and progression of this syndrome as well. The vascular component of 

portal hypertension includes an increase in splanchnic blood flow, as well as an increase in intrahepatic vascular resis-

tance. Dysregulation of the nitric oxide system appears to play a key role in both these processes with a paradoxical reduc-

tion of intrahepatic availability despite increased disposal in the splanchnic and other vascular districts with adverse ef-

fects on cardiac function and structure. Nevertheless, other putative mediators of cardiac damage in cirrhosis have been 

proposed and their role in the pathogenesis of cirrhotic cardiomyopathy investigated.

This review involves a discussion of data achieved on pathogenesis and clinical features of cirrhotic cardiomyopathy but 

mainly focuses on considerations on potential therapeutic targets, in the light of the evidence that this mainly subclinical 

condition merges to clinical relevance when challenged with those therapeutic interventions and procedures currently em-

ployed to treat the major complications of cirrhosis that might produce a negative impact on the cardiovascular system. 
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INTRODUCTION 

 Cirrhotic cardiomyopathy was recently defined in a re-

cent workshop in conjunction with the World Congress of 

Gastroenterology in Montreal in September 2005 as "a 

chronic cardiac dysfunction in patients with cirrhosis charac-

terized by blunted contractile responsiveness to stress and/or 

altered diastolic relaxation with electrophysiological abnor-

malities, in the absence of known cardiac disease". In the 

future this short statement will be known as the "Montreal 

definition for cirrhotic cardiomyopathy".  

 Cardiovascular dysfunction in patients with cirrhosis of 

the liver has been described extensively in the last decades. 

Kowalski and Abelmann [1] were the first to report that ad-

vanced liver disease is characterized by a hyperdynamic cir-

culatory pattern, namely high cardiac output and stroke vol-

ume, low systolic blood pressure and increased heart rate 

along with arterial vasodilation, as suggested by decreased 

systemic vascular resistance. These abnormalities were as-

cribed for many years to ethanol toxicity. Studies performed 

in the late 1960s not only confirmed these findings but also 

showed that cardiac contractile function was adversely af-

fected by chronic ethanol consumption: these findings con-

tributed to corroborate the conviction that alcoholic cardio-

myopathy was responsible not only of the derangement of  
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systemic circulation but also of the blunted ventricular con-

tractile response to pharmacological and various physiologi-

cal strains. 

 More recently many investigations performed in both 

human nonalcoholic cirrhosis and in animal models of non-

alcoholic cirrhosis showed that the hemodynamic and func-

tional cardiac derangements of cirrhotic patients are substan-

tially independent of the etiology of liver disease, leading to 

the belief that the state of cirrhosis per se, irrespective of 

alcohol, could be associated with this syndrome. Accord-

ingly, Lee and co-workers [2] termed this new entity “cir-

rhotic cardiomyopathy”. Moreover, patterns of heart function 

abnormalities in non-alcoholic cirrhosis, quite distinct from 

alcoholic cardiac disease, were described, the ejection frac-

tion of the left ventricle being substantially normal or even 

increased in the former and decreased in the latter. 

 Still the mechanisms involved in the hyperdynamic circu-

lation in cirrhosis remain unclear, despite the many hypothe-

ses and theories advanced. The initiation of the hyperdy-

namic circulatory syndrome has been classically attributed to 

arteriolar vasodilation [3] evoking an increase in cardiac 

output and heart rate as a homeostatic response. Noteworthy 

cardiac output is primarily determined by the interaction and 

balance between the venous return, the heart rate and myo-

cardial contractility, all controlled by the autonomous nerv-

ous system. These physiological mechanisms are overall 

deranged to various extent in cirrhotic subjects: increased 

sympathetic nervous activity augments heart rate , stimulates 

contractility and cooperates to expand total blood volume. 

Nevertheless, cardiac output has been demonstrated to be 
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increased before the occurrence of any reduction of periph-

eral vascular resistance: in preascitic cirrhotic patients with 

portal hypertension evidence of an enhanced cardiac pre-load 

due to expansion of total blood volume has been provided. 

Bernardi et al. [4] reported the occurrence of features of hy-

perdynamic circulation in cirrhotic subjects only after the 

assumption of the supine position: this is associated with the 

translocation of a portion of the blood volume towards the 

central area of circulation. The increase in cardiac output is 

the consequence of a greater than normal supine-induced 

cardiac pre-load which is followed by a compensatory reduc-

tion of peripheral vascular resistances. 

 Overall there seems to be a link between the progression 

of liver functional failure and the degree of hyperdynamic 

circulation. 

 Many circulating vasoactive substances have been inves-

tigated extensively and their role as cardiodepressants postu-

lated. Glucagone, vasoactive intestinal peptide, endotoxins, 

tumor necrosis factor-alfa, prostacycline, bile salts, endo-

thelins and nitric oxide are some of the proposed putative 

mediators involved in the pathophysiology of hyperdynamic 

circulation and cirrhotic cardiomyopathy [5]. According to 

literature data nitric oxide seems to be the most important 

factor involved [6]. 

 According to the hypothesis of Vallance and Moncada 

[7], in liver cirrhosis the peripheral vasodilation can be as-

cribed mainly to the increased release of nitric oxide from 

the vascular endothelium in the splanchnic district, prompted 

by circulating cytokines and endotoxins in cirrhotic subjects, 

irrespective of etiology of disease. The endothelial release of 

nitric oxide seems to be mainly due to shear stress within a 

vascular compartment which physiologically expresses large 

amounts of constitutive oxide synthase. The more advanced 

the stage of disease the greater the decrease in peripheral 

vascular resistance and thereby the reduction in “effective” 

arterial blood volume and blood pressure due to splanchnic 

pooling of blood. The homeostatic release of neurohormones 

acting as vasoconstrictors and as water-sodium retaining 

substances, like norepinephrine, angiotensin, aldosterone, 

antidiuretic hormone and others, contribute on one side to 

maintain circulatory stability but on the other may adversely 

affect body fluid composition as well as structure and func-

tion of the heart.  

 A latent systolic dysfunction is notably unveiled by ap-

propriate strains ( such as infusion of vasoconstrictors, 

change of posture, expansion of the blood volume, physical 

exercise, etc) in advanced cirrhosis whereas it is normal or 

even increased at rest. Recent evidence [8-10] clearly indi-

cates that diastolic function is impaired as well, even in the 

earliest phases of preascitic cirrhosis, as a consequence of 

circulatory overload and of direct negative effects of vasoac-

tive and cardiodepressant substances [11].  

 Sodium retention is a cardinal feature of liver cirrhosis, 

starting in the pre-ascitic stage of the disease and initially 

occurring only in the erect posture. Natriuresis follows on 

assumption of  the supine position, with development of hy-

perdynamic circulation. However sodium excretion in cir-

rhosis is lower as compared to normal subjects, leading to 

progressive plasma volume expansion. With the progression 

of liver disease sodium handling abnormalities in the kidney 

become more pronounced. Wong et al. [12] have demon-

strated that cardiac dysfunction worsens with progression of 

cirrhosis, in parallel with the worsening of sodium retention, 

and with the clinical evidence of fluid retention up to the 

stage of diuretic resistant ascites. All this evidence suggests a 

possible link between cirrhotic cardiomyopathy and sodium 

retention of cirrhosis. Indeed, cirrhotic cardiomyopathy 

could contribute to sodium retention by reducing the “effec-

tive” circulatory volume, as a consequence of reduced con-

tractile function (systolic incompetence), or altered elastic 

recoil properties of the cardiac parietal walls (diastolic dys-

function).  

 Despite the recognition of the condition of cirrhotic car-

diomyopathy, its clinical significance has always been ques-

tioned, as frank cardiac failure is not a prominent feature of 

cirrhosis. However, there are several reports of decreased 

cardiac performance in cirrhosis, especially in response to 

stress like physical exercise [13-15] or infusion of vasocon-

strictors [16-18] and after exposure to therapeutic procedures 

that may unmask a latent cardiac incompetence [19-24]. 

 Thus, the entity of cirrhotic cardiomyopathy may not be 

simply a medical curiosity, but rather an entity that well de-

serves further investigations and therapeutic intervention. 

POTENTIAL THERAPEUTIC APPROACH FOR THE 

CLINICAL MANAGEMENT OF CIRRHOTIC CAR-

DIOMYOPATHY 

 Clinical management of cirrhotic cardiomyopathy re-

mains uncertain since virtually no published data is available 

on specific treatment of this disorder [25]. Nevertheless, 

since portal hypertension, due to both increased resistance 

and blood flow within the portal venous system, is the main 

drive to the development of circulatory abnormalities in cir-

rhosis, efforts should be made to use agents that decrease the 

portal-collateral blood flow, the resistance that opposes that 

flow, or both. Pharmacological approach is warranted in pa-

tients in the decompensated ascitic stage of cirrhotic disease 

and this includes drugs with a direct or indirect beneficial 

effect on the cardiovascular system [26].  

Loop Diuretics and Aldosterone Antagonists 

 Diuretic drugs have been shown to be highly effective in 

the stepped care management of fluid retention of cirrhosis: 

loop diuretics contribute to decrease reabsorption of sodium 

and water, decreasing the total blood volume, whereas aldos-

terone antagonists contribute to inhibit the renin-angiotensin-

aldosterone axis, reduce total blood volume and portal hy-

pertension thus finally potentially attenuating the hyperki-

netic syndrome [27,28]. Indeed, besides their intrinsic diu-

retic activity, other effects, less clearly elucidated, could 

favorably impact cardiovascular function. Pozzi et al. have 

recently demonstrated [28] that aldosterone blockade reduces 

parietal wall thickness in cirrhotic patients and could thus 
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improve diastolic dysfunction in the long term. The antifi-

brotic properties of aldosterone antagonists are well known 

[29] and improved survival has been demonstrated in chronic 

heart failure patients treated with these drugs (RALES 

study). Reduction of circulatory overload, modulation of 

portal pressure and direct effects on heart remodeling could 

translate in beneficial effects on cardiac structural and func-

tional abnormalities in cirrhosis as well: accordingly chronic 

aldosterone blockade could represent a novel therapeutic 

approach in the management of cirrhotic cardiomyopathy .  

Beta Blockers and Nitrates 

 Since their introduction in the prevention of variceal 

bleeding in cirrhosis [30] the widespread use of -blockers in 

cirrhotic patients with portal hypertension and medium-large 

size esophageal varices has been shown to have beneficial 

effect on -adrenoceptor density, which is supposed to be 

down-regulated in cirrhosis [31]. This is the reason why pa-

tients with cirrhosis will probably not benefit significantly 

from inotropic -agonists such as isoproterenol and dobu-

tamine. Nitrates have been employed in combination with -

blockers to improve their effects on protection from bleeding 

[32]. Amrinone and milrinone, phosphodiesterase inhibitors 

that inhibit cAMP degradation , may be potentially effective 

given the various defects in -adrenergic receptor signalling 

upstream of adenylate cyclase [33]. It has been shown that 

short-acting cardiac glycosides (as ouabain) are ineffective in 

ameliorating cardiac contractility in alcoholic cirrhosis and 

relatively severe cardiomyopathy but little is known if these 

findings might apply to the treatment of cirrhotic cardiomy-

opathy as well [16]. 

Intrahepatic Vasodilators and Systemic Vasoconstrictors 

 Pathophysiological data have provided evidence that the 

major drives to the development of circulatory disturbance of 

cirrhosis are the progression of intrahepatic vascular resis-

tance on one side and vasodilation of the splanchnic district 

on the other. Accordingly, pharmacotherapy includes vasodi-

lators and vasoconstrictors or a combination of both [34]. 

 It has been partly clarified that in addition to morpho-

structural factors, actually supposed to be irreversible, there 

is a dynamic vasculogenic component of enhanced intrahe-

patic resistance in portal hypertension [35] which is clearly 

reversible and thus potentially a target for new therapeutic 

agents. In the last decades great progress has been made in 

the understanding of the specific vasoregulatory pathways 

responsible for increased intrahepatic vascular resistance: 

these pathways include the nitric oxide-soluble guanylate 

cyclase system, the paracrine endothelin-1 system, the sym-

pathetic -adrenergic pathway and the angiotensin-II system.  

 Studies of specific neuroendocrine antagonists and ago-

nists show promising results and development of these 

agents are promising as future pharmacotherapy for the cir-

culatory derangement of cirrhosis. Possible treatments of 

increased intrahepatic vascular resistance have focused on 

boosting of vasodilatory signalling systems or counteracting 

the vasoconstrictive pathways. 

 Still, a major hurdle in the progress of experimental 

therapeutics is the difficulty in developing safe and effective 

compounds which are selective to the liver so as to curtail 

exacerbation of the systemic hyperdynamic circulatory state 

which accompanies portal hypertension [36]. Some treat-

ment approaches are currently utilized whereas others are 

currently under investigation. Other potential therapeutic 

targets can be considered treatment approaches for the next 

generation. 

 The molecular and physiologic basis of the vasoregula-

tory signalling abnormalities which contribute to develop-

ment of portal hypertension are a field of active research and 

experimental therapeutic strategies will continue to focus on 

the modulation of these systems.  

 The most well established approach to manage the in-

creased intrahepatic vascular resistance is at present the use 

of organic nitrates, such as isosorbide-5-mononitrate, to 

augment the nitric oxide-cGMP system. This class of com-

pounds degrade in the bloodstream, once orally adminis-

tered, generating bioavailable nitric oxide. The newly gener-

ated nitric oxide diffuses directly to effector contractile cells 

inducing vasorelaxation by activating soluble guanylate cy-

clase and downstream kinases, thereby bypassing defects in 

the endothelial generation system within the liver. Such 

events translate in an attenuation in intrahepatic resistance. 

However, despite this ability, the systemic vasodilatory ef-

fects of oral nitrates may exacerbate the pre-existing hy-

perdynamic circulatory state , by an increase in venous ca-

pacitance and a reduction of systemic vascular resistance. 

This amplification of “underfilling” may, in the long-term, 

have deleterious consequences on hepatic and renal function. 

Still, this adverse effect is much attenuated when vasodila-

tors are used in combination with a vasoconstrictor [34].  

 Another area under active investigation is the inhibition 

of sympathetic overactivity through 1-adrenoceptor an-

tagonism. Notably the hepatic vasculature is richly inner-

vated with 1-adrenergic nerve fibers. 1-adrenergic antago-

nists such as prazosin [37] and clonidine [38] inhibit intrahe-

patic vasoconstriction in the perfused rat liver after norepi-

nephrine infusion. In cirrhotic patients acute and chronic 

administration of prazosin is followed by a reduction in in-

trahepatic resistance and hence in portal pressure [39]. How-

ever, lack of intrahepatic selectivity of these agents causes 

detrimental systemic effects leading to hypotension subse-

quently generating a secondary sodium and water retention 

targeted to maintain circulatory homeostasis.  

Antagonists of the Renin-Angiotensin System 

 The advanced stages of cirrhosis are clearly associated 

with an overactivity of the renin-angiotensin-aldosterone 

system. Attempts have been made to inhibit angiotensin II, 

which notably takes part in intrahepatic vasoconstriction: 

losartan, an angiotensin II receptor antagonist, has been 

shown to induce portal pressure reduction in cirrhotic pa-
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tients both acutely as well as after chronic administration. 

Wong et al. [40] examined the effects of low-doses of losar-

tan as a probe to assess the role of angiotensin II in the regu-

lation of renal sodium handling in preascitic cirrhosis. A 7.5 

mg dose of losartan had a maximum natriuretic effect with-

out negatively affecting both renal and systemic hemody-

namics, normalizing renal sodium handling even when pa-

tients were evaluated in the upright posture. However clini-

cal results have been inconclusive because long term treat-

ment at this dose was not followed by portal pressure reduc-

tion [41]. Higher doses of losartan or irbesartan [42] produce 

substantial decrease of portal pressure gradient but with evi-

dence of negative systemic circulatory effects, mainly severe 

hypotension, in both preascitic [43] and ascitic patients [44] 

with cirrhosis associated with significant renal dysfunction.  

 Captopril, an angiotensin-converting enzyme inhibitor 

that antagonizes angiotensin II production, could suppress 

hyperaldosteronism without impairment of renal function 

and could thereby be a beneficial agent in the management 

of the circulatory abnormalities in ascitic cirrhotic patients. 

In a study by Lebrec et al. [45], after oral administration of 

captopril in ascitic subjects, cardiac output and renal blood 

flow did not change but mean arterial pressure, systemic and 

renal vascular resistances significantly decreased. They con-

cluded that captopril mainly induces hypotension due to an 

increase in renal vasodilatation. Also low-doses of captopril, 

to avoid any change in arterial pressure, in cirrhotic subjects 

with and without ascites investigated by Gentilini et al. [46], 

induced reduction in glomerular filtration rate and urinary 

sodium excretion which follows local inhibition of angio-

tensin II, likely necessary in maintaining renal hemodynam-

ics. 

Intrahepatic Nitric Oxide Donors 

 Indeed, ability to selectively deliver drugs to the liver is a 

fascinating therapeutic field but encounters several practical 

difficulties. Research efforts are directed on modification of 

nitric oxide donor compounds to overcome this burden. A 

nitric oxide donor prodrug (V-PYRRO/NO) is metabolized 

selectively within hepatocytes by the cytochrome P-450 sys-

tem into an active nitric oxide releasing compound.  

 Given the apparent defect of endothelial nitric oxide syn-

thase function in sinusoidal endothelial cells Fiorucci et al.

[47] recently postulated that a pharmacological approach to 

deliver nitric oxide directly to the liver should reduce intra-

hepatic resistance avoiding the systemic negative effects of 

nitrovasodilators. A new compound that releases nitric oxide 

in the liver (NCX-1000) was designed by adding a nitric 

oxide-releasing moiety to ursodeoxy-cholic acid , which is 

selectively metabolized by hepatocytes. NCX-1000 signifi-

cantly reduced liver fibrosis and ameliorated portal hyperten-

sion in a rat model of fibrogenesis and portal hypertension. 

This compound also inhibited stellate cell contraction, thus 

acting on the reversible vasculogenic component of intrahe-

patic resistance: altogether these data emphasize that NCX-

1000 may serve as a novel therapy for patients with portal 

hypertension.  

 Simvastatin is a putative intrahepatic nitric oxide donor 

compound and accordingly has been recently investigated in 

experimental models and in preliminary form in human cir-

rhosis [48]: this statine attenuated the postprandial increase 

in hepatic venous pressure gradient and nitric oxide product 

levels increased in hepatic venous blood but not in peripheral 

blood without affecting systemic hemodynamics. However, 

further investigations are required to assess the potential 

benefits. 

Endothelin (ET) Antagonists 

 Also enhanced ET-1 signalling is involved in the devel-

opment of increased intrahepatic vasoconstriction [49]. ET-1 

blocking agents ameliorate this condition via their putative 

action on hepatic stellate cells. Bosentan (safely employed in 

human studies to treat heart failure, systemic and pulmonary 

hypertension) blocks either ET-A and ET-B receptors, re-

duces intrahepatic resistance but may worsen hepatic fibrosis 

with time. Moreover the most relevant problems reside on 

the systemic hypotensive effects of this compound [50,51]. 

Accordingly at present this drug cannot be considered a good 

candidate for future treatment of cirrhotic cardiomyopathy. 

 Significant technical and safety barriers limit the use of 

gene delivery approaches in humans despite potential utility 

in modulating intrahepatic resistance in animal studies. 

Portal Hypotensive Drugs 

 The reduction of enhanced blood flow and vasodilation is 

another potential therapeutic target. Historically, most drugs 

used to treat portal hypertension are vasoconstrictors that act 

primarily by reducing blood flow. These include vaso-

pressin, terlipressin, somatostatin, octreotide, vapreotide and 

many -adrenergic blockers [52]. From a practical point of 

view , portal hypotensive agents can be divided according to 

their form of administration, oral versus parenteral, the for-

mer being adequate for long-term administration while the 

latter are appropriate for short term therapy. 

 The modern era of pharmacological therapy of portal 

hypertension started in 1981 with the milestone publication 

by Lebrec et al. [30] of the use of propranolol to prevent 

variceal hemorrhage in cirrhosis. Non selective -blockers 

act both by decreasing cardiac output and by decreasing 

splanchnic arterial blood flow. In particular non selective -

adrenoceptor antagonists such as propranolol decrease en-

hanced splanchnic blood flow acting by different mecha-

nisms. 1) the 1-antagonist effect of -blockers reduces 

splanchnic blood flow by decreasing cardiac output (chro-

notropic and inotropic effect) which induces vasoconstriction 

in the splanchnic vascular bed by reflex activation of the -

receptors at this vascular level. 2) it has been shown that 2-

adrenoceptor antagonism reduces splanchnic vasodilation 

without affecting the action of -adrenoceptors (unopposed), 

thus contributing to a certain extent to splanchnic vasocon-

striction [53]. 3) reduced blood flow by these two mecha-

nisms decreases shear stress and thus decreases the splanch-

nic vasodilation promoted by local nitric oxide overproduc-
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tion [34]. 4) bacterial translocation and cytokine production, 

responsible for nitric oxide synthase overactivation and thus 

of consequent vasodilation, can be reduced by -blockers 

administration [53]. 5) Henriksen and colleagues have shown 

that acute administration of propranolol reduces the electro-

cardiographic QT interval [54], which is known to be pro-

longed in cirrhotic subjects. Whether this favorable effect is 

maintained during chronic treatment requires further investi-

gation before this approach is warranted for patients with 

evidence of cirrhotic cardiomyopathy.  

Combination Therapy 

 Finally, a mention on the role of combination therapy, 

which is based on the association of a vasoconstrictor and a 

vasodilator. This approach likely prevents most of the ad-

verse effects of the vasodilator, while enhancing the fall in 

portal pressure prompted by the reduction in blood flow 

achieved by the vasoconstrictor [55]. A drug combination 

with proven efficacy for long-term treatment in the preven-

tion of rebleeding is that of propranolol or nadolol plus 

isosorbide mononitrate according to findings of a recent 

meta-analysis by D’Amico et al. [56]. The use of propra-

nolol plus prazosin has been recently investigated. Carve-

dilol is a new -blocker that has a non-selective -blocker 

effect and anti -adrenergic effect, thus mimicking the ef-

fects of the association of propranolol plus prazosin, but may 

be better tolerated as proposed by Banares et al. [57]. Never-

theless, clinical applicability may be limited by its systemic 

hypotensive effects. 

 The circulatory effects of these drugs (when adverse sys-

temic hemodynamic changes do not occur), despite mainly 

targeted to the prophylaxis of esophageal bleeding or re-

bleeding, modify loading conditions of the heart and might 

turn out to be useful in the treatment of the hemodynamic 

derangement of cirrhosis and ultimately of cirrhotic cardio-

myopathy. 

CONCLUSIONS 

 Cirrhotic cardiomyopathy is a novel disease entity. No 

definite treatment can be at present advised: nevertheless 

some drugs, currently employed for the clinical management 

of the complications of cirrhosis, seem to have the creden-

tials to improve cardiac function and structure acting either 

on the heart and on the systemic circulation. Yet, beta block-

ers and aldosterone antagonists are widely employed in the 

setting of fluid retention and for the prophylaxis of variceal 

bleeding and their early use could delay these negative 

events. Future studies should be devoted to investigate 

whether these and other more recently developed drugs can 

exert overall favorable effects in the earlier stages of disease, 

thus counteracting the progression of cardiovascular de-

rangement characterizing advanced cirrhosis. 

REFERENCES 

[1] Kowalski, H. J.; Abelmann, W. H. The cardiac output at rest in 

Laennec's cirrhosis. J. Clin. Invest., 1953, 32, 1025-1033. 

[2] Ma, Z.; Lee, S. S. Cirrhotic cardiomyopathy: getting to the heart of 

the matter. Hepatology, 1996, 24, 451-459. 

[3] Schrier, R. W.; Arroyo, V.; Bernardi, M.; Epstein, M.; Henriksen, 

J. H.; Rodes, J. Peripheral arterial vasodilation hypothesis: a pro-

posal for the initiation of renal sodium and water retention in cir-

rhosis. Hepatology, 1988, 8, 1151-1157. 

[4] Bernardi, M.; Li, Bassi, S.; Arienti, V.; De Collibus, C.; Scialpi, C.; 

Boriani, L.; Zanzani, S.; Caraceni, P.; Trevisani, F. Systemic and 

regional hemodynamics in pre-ascitic cirrhosis: effects of posture. 

J. Hepatol., 2003, 39, 502-508. 

[5] Liu, H.; Song, D.; Lee, S. S. Cirrhotic cardiomyopathy. Gastroen-

terol. Clin. Biol., 2002, 26, 842-847. 

[6] Garcia-Estan, J.; Ortiz, M. C.; Lee, S. S. Nitric oxide and renal and 

cardiac dysfunction in cirrhosis. Clin. Sci. (Lond.), 2002, 102, 213-

222. 

[7] Vallance, P.; Moncada, S. Hyperdynamic circulation in cirrhosis: a 

role for nitric oxide? Lancet, 1991, 337, 776-778. 

[8] Pozzi, M.; Carugo, S.; Boari, G.; Pecci, V.; de Ceglia, S.; Maggio-

lini, S.; Bolla, G. B.; Roffi, L.; Failla, M.; Grassi, G.; Giannattasio, 

C.; Mancia, G. Evidence of functional and structural cardiac ab-

normalities in cirrhotic patients with and without ascites. Hepatol-

ogy, 1997, 26, 1131-1137. 

[9] Finucci, G.; Desideri, A.; Sacerdoti, D.; Bolognesi, M.; Merkel, C.; 

Angeli, P.; Gatta, A. Left ventricular diastolic function in liver cir-

rhosis. Scand. J. Gastroenterol., 1996, 31, 279-284. 

[10] De, B. K.; Majumdar, D.; Das, D.; Biswas, P. K.; Mandal, S. K.; 

Ray, S.; Bandopadhyay, K.; Das, T. K.; Dasgupta, S.; Guru, S. 

Cardiac dysfunction in portal hypertension among patients with cir-

rhosis and non-cirrhotic portal fibrosis. J. Hepatol., 2003, 39, 315-

319. 

[11] Moller, S.; Bendtsen, F.; Henriksen, J. H. Vasoactive substances in 

the circulatory dysfunction of cirrhosis. Scand. J. Clin. Lab Invest., 

2001, 61, 421-429. 

[12] Wong, F.; Liu, P.; Allidina, Y.; Blendis, L. Pattern of sodium han-

dling and its consequences in patients with preascitic cirrhosis. 

Gastroenterol., 1995, 108, 1820-1827. 

[13] Kelbaek, H.; Rabol, A.; Brynjolf, I.; Eriksen, J.; Bonnevie, O.; 

Godtfredsen, J.; Munck, O.; Lund, J. O. Haemodynamic response 

to exercise in patients with alcoholic liver cirrhosis. Clin. Physiol., 

1987, 7, 35-41. 

[14] Grose, R. D.; Nolan, J.; Dillon, J. F.; Errington, M.; Hannan, W. J.; 

Bouchier, I. A.; Hayes, P. C. Exercise-induced left ventricular dys-

function in alcoholic and non-alcoholic cirrhosis. J. Hepatol. 1995,

22, 326-332. 

[15] Wong, F.; Girgrah, N.; Graba, J.; Allidina, Y.; Liu, P.; Blendis, L. 

The cardiac response to exercise in cirrhosis. Gut, 2001, 49, 268-

275. 

[16] Limas, C. J.; Guiha, N. H.; Lekagul, O.; Cohn, J. N. Impaired left 

ventricular function in alcoholic cirrhosis with ascites. Ineffective-

ness of ouabain. Circulation, 1974, 49, 754-760. 

[17] Lunzer, M. R.; Newman, S. P.; Bernard, A. G.; Manghani, K. K.; 

Sherlock, S. P.; Ginsburg, J. Impaired cardiovascular responsive-

ness in liver disease. Lancet, 1975, 2, 382-385. 

[18] Mikulic, E.; Munoz, C.; Puntoni, L. E.; Lebrec, D. Hemodynamic 

effects of dobutamine in patients with alcoholic cirrhosis. Clin. 

Pharmacol.Ther., 1983, 34, 56-59. 

[19] Huonker, M.; Schumacher, Y. O.; Ochs, A.; Sorichter, S.; Keul, J.; 

Rossle, M. Cardiac function and haemodynamics in alcoholic cir-

rhosis and effects of the transjugular intrahepatic portosystemic 

stent shunt. Gut, 1999, 44, 743-748. 

[20] Merli, M.; Valeriano, V.; Funaro, S.; Attili, A. F.; Masini, A.; 

Efrati, C.; De, C. S.; Riggio, O. Modifications of cardiac function 

in cirrhotic patients treated with transjugular intrahepatic portosys-

temic shunt (TIPS). Am. J. Gastroenterol., 2002, 97, 142-148. 

[21] Ruiz-del-Arbol, L.; Monescillo, A.; Jimenez, W.; Garcia-Plaza, A.; 

Arroyo, V.; Rodes, J. Paracentesis-induced circulatory dysfunction: 

mechanism and effect on hepatic hemodynamics in cirrhosis. Gas-

troenterol., 1997, 113, 579-586. 

[22] Nasraway, S. A.; Klein, R. D.; Spanier, T. B.; Rohrer, R. J.; Free-

man, R. B.; Rand, W. M.; Benotti, P. N. Hemodynamic correlates 

of outcome in patients undergoing orthotopic liver transplantation. 

Evidence for early postoperative myocardial depression. Chest, 

1995, 107, 218-224. 

[23] Liu, H.; Song, D.; Lee, S. S. Cirrhotic cardiomyopathy. Gastroen-

terol. Clin. Biol., 2002, 26, 842-847. 



26    Cardiovascular & Haematological Disorders-Drug Targets, 2007, Vol. 7, No. 1 Pozzi et al. 

[24] Myers, R. P.; Lee, S. S. Cirrhotic cardiomyopathy and liver trans-

plantation. Liver Transpl., 2000, 6, S44-S52. 

[25] Gaskari, S. A.; Honar, H.; Lee, S. S. Therapy insight: Cirrhotic 

cardiomyopathy. Nat. Clin. Pract. Gastroenterol. Hepatol., 2006,

3, 329-337. 

[26] Gines, P.; Cardenas, A.; Arroyo, V.; Rodes, J. Management of 

cirrhosis and ascites. N. Engl. J. Med., 2004, 350, 1646-1654. 

[27] Garcia-Pagan, J. C.; Salmeron, J. M.; Feu, F.; Luca, A.; Gines, P.; 

Pizcueta, P.; Claria, J.; Piera, C.; Arroyo, V.; Bosch, J. Effects of 

low-sodium diet and spironolactone on portal pressure in patients 

with compensated cirrhosis. Hepatology, 1994, 19, 1095-1099. 

[28] Pozzi, M.; Grassi, G.; Ratti, L.; Favini, G.; Dell'oro, R.; Redaelli, 

E.; Calchera, I.; Boari, G.; Mancia, G. Cardiac, neuroadrenergic, 

and portal hemodynamic effects of prolonged aldosterone blockade 

in postviral child A cirrhosis. Am. J. Gastroenterol., 2005, 100,

1110-1116. 

[29] Brilla, C. G.; Matsubara, L. S.; Weber, K. T. Antifibrotic effects of 

spironolactone in preventing myocardial fibrosis in systemic arte-

rial hypertension. Am. J. Cardiol., 1993, 71, 12A-16A. 

[30] Lebrec, D.; Poynard, T.; Hillon, P.; Benhamou, J. P. Propranolol 

for prevention of recurrent gastrointestinal bleeding in patients with 

cirrhosis: a controlled study. N. Engl. J. Med., 1981, 305, 1371-

1374. 

[31] Ma, Z.; Lee, S. S.; Meddings, J. B. Effects of altered cardiac mem-

brane fluidity on beta-adrenergic receptor signalling in rats with 

cirrhotic cardiomyopathy. J. Hepatol., 1997, 26, 904-912. 

[32] Garcia-Pagan, J. C.; Feu, F.; Navasa, M.; Bru, C.; Ruiz, del Arbol, 

Bosch, J.; Rodes, J. Long-term haemodynamic effects of isosorbide 

5-mononitrate in patients with cirrhosis and portal hypertension. J. 

Hepatol., 1990, 11, 189-195. 

[33] Angeli, P.; Jimenez, W.; Veggian, R.; Fasolato, S.; Volpin, R.; 

MacHenzie, H. S.; Craighero, R.; Libera, V. D.; Sticca, A.; Arroyo, 

V.; Gatta, A. Increased activity of guanosine 3'-5'-cyclic mono-

phosphate phosphodiesterase in the renal tissue of cirrhotic rats 

with ascites. Hepatology, 2000, 31, 304-310. 

[34] Bosch, J.; Abraldes, J. G.; Groszmann, R. Current management of 

portal hypertension. J. Hepatol., 2003, 38 Suppl 1: S54-S68. 

[35] Bosch, J.; Garca-Pagan, J. C.; Feu, F.; Rodes, J. Portal hyperten-

sion. Clinical pathobiology. The liver, biology and pathobiology. 

New York: Raven Press, 2006; pp. 1343-1345. 

[36] Shah, V.; Garcia-Cardena, G.; Sessa, W. C.; Groszmann, R. J. The 

hepatic circulation in health and disease: report of a single-topic 

symposium. Hepatology, 1998, 27, 279-288. 

[37] Cummings, S. A.; Kaumann, A. J.; Groszmann, R. J. Comparison 

of the hemodynamic responses to ketanserin and prazosin in portal 

hypertensive rats. Hepatology, 1988, 8, 1112-1115. 

[38] Lin, H. C.; Soubrane, O.; Lebrec, D. Prevention of portal hyperten-

sion and portosystemic shunts by early chronic administration of 

clonidine in conscious portal vein-stenosed rats. Hepatology, 1991,

14, 325-330. 

[39] Albillos, A.; Lledo, J. L.; Rossi, I.; Perez-Paramo, M.; Tabuenca, 

M. J.; Banares, R.; Iborra, J.; Garrido, A.; Escartin, P.; Bosch, J. 

Continuous prazosin administration in cirrhotic patients: effects on 

portal hemodynamics and on liver and renal function. Gastroen-

terology, 1995, 109, 1257-1265. 

[40] Wong, F.; Liu, P.; Blendis, L. The mechanism of improved sodium 

homeostasis of low-dose losartan in preascitic cirrhosis. Hepatol-

ogy, 2002, 35, 1449-1458. 

[41] Blendis, L. M.; Wong, F. Does losartan work after all? Am. J. Gas-

troenterol., 2003, 98, 1222-1224. 

[42] Schepke, M.; Werner, E.; Biecker, E.; Schiedermaier, P.; Heller, J.; 

Neef, M.; Stoffel-Wagner, B.; Hofer, U.; Caselmann, W. H.; Sau-

erbruch, T. Hemodynamic effects of the angiotensin II receptor an-

tagonist irbesartan in patients with cirrhosis and portal hyperten-

sion. Gastroenterology, 2001, 121, 389-395. 

[43] Girgrah, N.; Liu, P.; Collier, J.; Blendis, L.; Wong, F. Haemody-

namic, renal sodium handling, and neurohormonal effects of acute 

administration of low dose losartan, an angiotensin II receptor an-

tagonist, in preascitic cirrhosis. Gut, 2000, 46, 114-120. 

[44] Gonzalez-Abraldes, J.; Albillos, A.; Banares, R.; Del Arbol, L. R.; 

Moitinho, E.; Rodriguez, C.; Gonzalez, M.; Escorsell, A.; Garcia-

Pagan, J. C.; Bosch, J. Randomized comparison of long-term losar-

tan versus propranolol in lowering portal pressure in cirrhosis. Gas-

troenterology, 2001, 121, 382-388. 

[45] Pariente, E. A.; Bataille, C.; Bercoff, E.; Lebrec, D. Acute effects 

of captopril on systemic and renal hemodynamics and on renal 

function in cirrhotic patients with ascites. Gastroenterology, 1985,

88, 1255-1259. 

[46] Gentilini, P.; Romanelli, R. G.; La Villa, G.; Maggiore, Q.; Pesciul-

lesi, E.; Cappelli, G.; Casini, Raggi, V, Foschi, M.; Marra, F.; Pin-

zani, M. Effects of low-dose captopril on renal hemodynamics and 

function in patients with cirrhosis of the liver. Gastroenterology,

1993, 104, 588-594. 

[47] Fiorucci, S.; Antonelli, E.; Brancaleone, V.; Sanpaolo, L.; Orlandi, 

S.; Distrutti, E.; Acuto, G.; Clerici, C.; Baldoni, M.; Del Soldato, 

P.; Morelli, A. NCX-1000, a nitric oxide-releasing derivative of ur-

sodeoxycholic acid, ameliorates portal hypertension and lowers 

norepinephrine-induced intrahepatic resistance in the isolated and 

perfused rat liver. J. Hepatol., 2003, 39, 932-939. 

[48] Zafra, C.; Abraldes, J. G.; Turnes, J.; Berzigotti, A.; Fernandez, M.; 

Garca-Pagan, J. C.; Rodes, J.; Bosch, J. Simvastatin enhances he-

patic nitric oxide production and decreases the hepatic vascular 

tone in patients with cirrhosis. Gastroenterology, 2004, 126, 749-

755. 

[49] Bauer, M.; Zhang, J. X.; Bauer, I.; Clemens, M. G. ET-1 induced 

alterations of hepatic microcirculation: sinusoidal and extrasinusoi-

dal sites of action. Am. J. Physiol., 1994, 267, G143-G149. 

[50] Sogni, P.; Moreau, R.; Gomola, A.; Gadano, A.; Cailmail, S.; Cal-

mus, Y.; Clozel, M.; Lebrec, D. Beneficial hemodynamic effects of 

bosentan, a mixed ET(A) and ET(B) receptor antagonist, in portal 

hypertensive rats. Hepatology, 1998, 28, 655-659. 

[51] Reichen, J.; Gerbes, A. L.; Steiner, M. J.; Sagesser, H.; Clozel, M. 

The effect of endothelin and its antagonist Bosentan on hemody-

namics and microvascular exchange in cirrhotic rat liver. J. Hepa-

tol., 1998, 28, 1020-1030. 

[52] Lebrec, D. Review article: future indications for terlipressin ther-

apy. Aliment. Pharmacol. Ther., 2004, 20(Suppl. 3), 65-67. 

[53] Lebrec, D. Review: pharmacotherapeutic agents in the treatment of 

portal hypertension. J. Gastroenterol. Hepatol., 1997, 12, 159-166. 

[54] Henriksen, J. H.; Bendtsen, F.; Hansen, E. F.; Moller, S. Acute 

non-selective beta-adrenergic blockade reduces prolonged fre-

quency-adjusted Q-T interval (QTc) in patients with cirrhosis. J. 

Hepatol., 2004, 40, 239-246. 

[55] Garcia-Pagan, J. C.; Morillas, R.; Banares, R.; Albillos, A.; Vil-

lanueva, C.; Vila, C .; Genesca, J.; Jimenez, M.; Rodriguez, M.; 

Calleja, J. L.; Balanzo, J.; Garcia-Duran, F.; Planas, R.; Bosch, J. 

Propranolol plus placebo versus propranolol plus isosorbide-5-

mononitrate in the prevention of a first variceal bleed: a double-

blind RCT. Hepatology, 2003, 37, 1260-1266. 

[56] D'Amico, G. The role of vasoactive drugs in the treatment of oeso-

phageal varices. Expert. Opin. Pharmacother., 2004, 5, 349-360. 

[57] Banares, R.; Moitinho, E.; Matilla, A.; Garcia-Pagan, J. C.; Lam-

preave, J. L.; Piera, C.; Abraldes, J. G.; De Diego, A.; Albillos, A.; 

Bosch, J. Randomized comparison of long-term carvedilol and pro-

pranolol administration in the treatment of portal hypertension in 

cirrhosis. Hepatology, 2002, 36, 1367-1373. 

Received: 28 October, 2006 Revised: 27 November, 2006 Accepted: 08 December, 2006



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


