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The perioperative management of patients presenting for ortho-
topic liver transplantation who have associated pulmonary
hypertension still presents a challenge to the operative team.
As a result of the limited amount of accurate data available,
and because the conclusions reported are often conflicting, it
has not been easy to develop an evidence-based strategy for the
safe management of these patients through liver transplanta-
tion.1-13 This failure to reach a consensus opinion may be a
result of the fact that patients have very different pathological
presentations. When there are various associated comorbidities
coupled with a lack of complete hemodynamic and echocardio-
graphic data, it is difficult to make a precise comparative eval-
uation between transplant candidates.

Typically, patients with advanced liver disease experience a
hyperdynamic circulatory state, with increased cardiac output
and decreased systemic vascular resistance.14 In addition,
some patients with pulmonary hypertension associated with
liver disease have increased venous blood volume due to sys-
temic volume overload, or they may have left, right, or biven-
tricular cardiac dysfunction. Patients with portal hypertension
have true portopulmonary hypertension when the measured pul-
monary hypertension is accompanied by an increased resist-
ance to pulmonary blood flow, as demonstrated by a calculated
(pulmonary vascular resistance is a calculation based on the
other measurements) increase in pulmonary vascular resist-
ance, in the presence of a normal pulmonary capillary occlusion
pressure or left ventricular end-diastolic pressure. 

It is essential, therefore, to accurately characterize the pul-
monary hemodynamics in these patients. The required hemo-
dynamic data must be determined from right heart catheteriza-
tion and must include the following values: mean pulmonary
artery pressure (mPAP), cardiac output, pulmonary artery occlu-
sion pressure, and calculated pulmonary vascular resistance, in
the stable, resting state. Cardiac output is typically high in this
patient group. If a normal or low value is obtained, volume
depletion is usually present; however the diagnosis of car-
diomyopathy should be considered. If the patient is volume
depleted, the volume replenishment needed to restore home-
ostasis may lead to the demonstration of an even higher mean

pulmonary artery pressure than initially measured, although the
pulmonary vascular resistance is unlikely to change.

Pulmonary hypertension may be found in up to 20% of
patients with cirrhosis of the liver. However, according to some
studies, true portopulmonary hypertension has a prevalence of
about 5% in patients presenting for orthotopic liver transplan-
tation.9,1 High cardiac output, cardiac failure, cardiomyopathy,
and volume overload account for a number of non-portopul-
monary hypertension presentations, and the management of
these patients is very different from those with true portopul-
monary hypertension. In fact, some degree of cardiomyopathy
(downregulation of beta receptors) has been reported to occur
in all cirrhotic patients, thereby blurring the lines between true
portopulmonary hypertension and pulmonary hypertension sec-
ondary to other causes.15  

Portopulmonary hypertension is defined as the existence of
portal hypertension with a resting mPAP >25 mm Hg, a pul-
monary artery occlusion pressure <15 mm Hg, and pulmonary
vascular resistance > 240 dynes.s.cm-5. 

Essential hemodynamic measurements are calculated as
follows:  mPAP (mm Hg) =  pulmonary artery systolic pressure
+ [(pulmonary artery systolic pressure – pulmonary artery dias-
tolic pressure) / 3]; pulmonary vascular resistance (dynes.s.cm-5)
= (mPAP – pulmonary artery occlusion pressure) x 80 / cardiac
output. Cardiac index (cardiac output/body surface area) and
pulmonary vascular resistance index allow body surface area to
be taken into account so that true comparative measurements
may be made. However, rarely does the portopulmonary hyper-
tension literature provide this complete information.

The pathological changes in the microvasculature of the
lungs of patients with portopulmonary hypertension include
plexogenic arteriopathy, medial hyperplasia, thrombosis, and
eventually fibrosis, quite similar to those findings found in idio-
pathic pulmonary arterial hypertension. Concomitant with these
changes, vascular dilations and shunt formation may occur,
such as that seen in patients with hepatopulmonary syn-
drome.21   This observation suggests that these changes may to
balance the physiological outcome until one predominates.22

The pulmonary vascular abnormalities may progress, even
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after orthotopic liver transplantation, unless long-term pul-
monary vasodilator therapy is instituted.1, 23 The shunt forma-
tions do resolve after transplantation, however, and this may
reveal the underlying pulmonary hypertension. Therefore, trans-
plantation may be considered an effective therapy for
hepatopulmonary syndrome, in contrast to portopulmonary
hypertension.

A calculated pulmonary vascular resistance >240
dynes.s.cm-5 is generally considered pathological, although
some authorities16,17 have defined pulmonary hypertension by a
value >120 dynes.s.cm-5. Portopulmonary hypertension is fur-
ther graded hemodynamically into mild (mPAP 25 to 35 mm
Hg) moderate (mPAP >35 to 45 mm Hg) and severe (mPAP
>45 mm Hg). Management of the patient with portopulmonary
hypertension >35 mm Hg depends on the causative factors.
Volume overload may be treated with diuresis or, if renal func-
tion is severely impaired, by utilizing continuous venovenous
hemodialysis. If this treatment is effective and ventricular func-
tion is good, then transplantation may continue without extra
risk. If cardiac function is poor as the result of a cardiomyopa-
thy and filling pressures remain elevated, then the patient is at
significant risk if transplantation is undertaken, unless signifi-
cant improvement in cardiac function is achieved with inotrop-
ic agents. In most of the liver failure patients presenting for
transplantation, pulmonary vascular resistance is low and left
ventricular function appears enhanced, such that it takes expe-
rience in this group of patients to diagnose even moderate
degrees of ventricular dysfunction. If reduced left ventricular
function is noticed on echocardiography, it is likely that a
severe cardiomyopathy exists and the transplantation should be
deferred for further evaluation.

Reactive pulmonary hypertension may respond to anesthe-
sia, adequate ventilation, and pulmonary vasodilators. Patients
with fulminant liver disease who also have associated metabol-
ic and respiratory acidosis may well have pulmonary hyperten-
sion that will respond to correction of the acidosis and adequate
ventilation. Patients diagnosed with portopulmonary hyperten-
sion just prior to liver transplantation may respond to acute pul-
monary vasodilator therapy. Inhaled nitric oxide (iNO), the
prostacyclin analogue iloprost, intravenous milrinone,
epoprostenol, and oral sildenafil have all been administered to
reduce mPAP with varied responses.18,19 If the mPAP is low-
ered to 35 mm Hg or less, the pulmonary vascular resistance is
<240 dynes.s.cm-5, and right ventricular function is good, there
is no reported increased risk to proceeding with transplanta-
tion.17

If the mPAP and pulmonary vascular resistance remain ele-
vated, whether the patient will survive liver transplantation may
depend on right ventricular function and the added stressors
applied to it during the perioperative period. There are reports
of successful transplantation in patients with an mPAP of 53
mm Hg and pulmonary vascular resistance as high as 639
dynes.s.cm -5. However, other reports demonstrate 100% mor-
tality in patients with an initial mPAP >50 mm Hg.12,20

Moderate and severe portopulmonary hypertension places
the liver transplantation patient at increased risk of periopera-
tive morbidity and mortality.17, 20 The data available to date

indicate a perioperative mortality of greater than 70% if liver
transplantation were carried out with an mPAP of 45 mm Hg or
higher and up to 100% if the mean pressure were >50 mm Hg.
There is no increase in mortality risk if the mPAP is 35 mm Hg
or less.20 A multicenter, national liver transplant database
reported an overall mortality perioperatively of 36% for patients
with portopulmonary hypertension undergoing transplanta-
tion.17

Despite the realization that pulmonary hypertension may
increase the morbidity and mortality of patients undergoing
orthotopic liver transplantation, and the close attention to the
cardiopulmonary system during the patient’s pretransplant
assessment, it is not uncommon for patients to be diagnosed on
the operating table at the induction of anesthesia.24 This is
because the symptoms of end-stage liver disease are similar to
those of severe pulmonary hypertension, and the time course
for development of pulmonary hypertension is unknown.

The risk to the patient with portopulmonary hypertension is
based on two major outcomes that are very dependent on right
ventricular function. First an acute increase in pulmonary vas-
cular resistance during transplantation may result in right ven-
tricular dysfunction, which results in an elevation of right heart
pressures, causing congestion and failure of the new liver graft.
Second, a profound increase in pulmonary vascular resistance,
as may be seen following reperfusion of the new liver graft, may
cause the right ventricle to fail acutely, with resulting serious
morbidity or mortality. 

Right ventricular function should be assessed by echocar-
diography, whether the diagnosis of portopulmonary hyperten-
sion is made preoperatively or on the operating room table.
Preoperatively, right ventricular systolic pressures >50 mm Hg
and/or abnormal right ventricular chamber size, wall motion, or
septal movement toward the left ventricle, require further analy-
sis of hemodynamic data by right heart catheterization. The
pulmonary vascular resistance that is calculated from the right
heart catheter is very dependent on cardiac output. Typically
elevated in cirrhotic patients, cardiac output is found to
increase in most patients following reperfusion of the new liver
graft. In a majority of patients, this increase in cardiac output is
in the range of 5% to 10%. However, the increase is unpre-
dictable and may reach 300% or greater in a small number of
patients (3.8%).24 This massive unpredictable increase may
stress a marginal right ventricle. Therefore, the key to survival
in this patient population is good right ventricular function, and
this must be assessed carefully before transplantation and dur-
ing the procedure.

How rapidly portopulmonary hypertension can develop is
uncertain, as reports vary from 3 weeks to 5 years.24,25

Pulmonary thromboembolism may be the cause of an acute
presentation of portopulmonary hypertension. As mentioned
above, routine transthoracic contrast-enhanced echocardiogra-
phy (CE-TTE) should be performed as part of the pretransplan-
tation work-up. The symptoms of portopulmonary hypertension
are too similar to those of end-stage liver disease to be able to
differentiate without CE-TTE. 

Echocardiographic findings of abnormal right ventricular
function provide an indication for right heart catheterization, it
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can be used to monitor the effectiveness of pulmonary vascular
therapy, and it can be used as an assessment tool for deter-
mining the ability of the right ventricle to compensate for the
increased pulmonary vascular resistance.26,27 If the right ven-
tricle can adjust to the increased afterload over time by hyper-
trophying, this may provide a better chance of decreasing mor-
bidity and mortality during transplantation. Perioperative risk to
the patient is not only related to the absolute value of the mPAP
and pulmonary vascular resistance but is also a function of the
condition of the right ventricle. Once portopulmonary hyperten-
sion has been diagnosed, follow-up screening by CE-TTE to
assess effectiveness of therapy and right ventricular function
should occur at least every 6 months.

Right heart catheterization is the gold standard for the diag-
nosis of pulmonary hypertension, including portopulmonary
hypertension.28 It not only provides accurate assessment of
portopulmonary hypertension, pulmonary hypertension, and
ventricular function, it can help sort out the differential diag-
nosis of hyperdynamic circulation, volume overload, and
increased afterload. It also allows an evaluation of acute vasore-
activity and can be used to monitor the effectiveness of thera-
peutic interventions. 

Up to 60% of patients with portopulmonary hypertension
may not have their condition detected until reaching the oper-
ating room, undergoing the induction of anesthesia prior to liver
transplantation.24 If diagnosed for the first time in the operat-
ing room, once an accurate diagnosis has been made and right
ventricular function has been assessed by transesophageal
echocardiography (TEE), a decision has to be made whether to
proceed with surgery or delay transplantation to a future date
after effective vasodilator therapy. Acute vasodilator testing
should be considered when a diagnosis of moderate portopul-
monary hypertension (mPAP >35 to 45 mm Hg) has been
made. In the immediate preoperative setting, iNO, inhaled
nitroglycerin, or inhaled iloprost are best suited to effect an
immediate response. Intravenous vasodilators such as milri-
none are somewhat limited by the systemic vasodilation that
these agents may cause. The response to iNO is variable, with
some patients responding well and others showing no vasoreac-
tivity at all.18,19,29-32 Liver cirrhosis is associated with excessive
production of endogenous nitric oxide and this may explain this
unpredictable response to iNO. 33

The goal of vasodilator testing in the portopulmonary
hypertension patient is to bring the mPAP down to 35 mmHg
or less and to reduce pulmonary vascular resistance to <240
dynes.s.cm-5. An accurate assessment of right ventricular
function by TEE is also an essential part of patient examina-
tion. If acute vasodilator therapy is not effective, then surgery
is postponed and long-term vasodilator therapy such as intra-
venous epoprostenol or in some centers oral bosentan is start-
ed. The use of bosentan, a dual endothelin receptor antago-
nist (A and B), is generally not recommended in portopul-
monary hypertension as it may cause a rise in hepatic
enzymes, although it has a potential advantage because it
does not require long-term intravenous access. Most pul-
monary artery hypertension experts are wary of using bosen-
tan for portopulmonary hypertension patients because in a

large multicenter study that excluded patients with liver dis-
ease at least a threefold upper limit of normal elevation of
liver aminotransferases (ALT and AST) occurred in about
11% of patients, accompanied by elevated bilirubin in a
small number of cases. Epoprostenol generally produces a
greater increase in cardiac output than does iNO. It is also a
powerful systemic vasodilator that reduces systemic as well
as pulmonary vascular resistance. It can be administered only
by continuous intravenous infusion (central venous access via
portable infusion pump) since its half-life in circulation is
brief (3 to 5 min). Common adverse effects attributable to
epoprostenol include jaw pain, headache, diarrhea, flushing,
leg pain, and nausea or vomiting. More serious complications
may occur because of the delivery system (catheter-related
infections or thrombosis). Sildenafil has been used in man-
aging portopulmonary hypertension, but no trials have been
reported studying its efficacy in that condition.

Those patients with portopulmonary hypertension who
undergo liver transplantation have a varied survival rate and
change in pulmonary hemodynamics. One study reported a
mortality of 71% at 36 months after transplantation in
patients with portopulmonary hypertension who did not
receive postoperative epoprostenol.1 The same group report-
ed 100% survival in a group of patients with portopulmonary
hypertension treated acutely with iNO followed by
epoprostenol.23 Normalization of pulmonary pressures
occurred in all patients, but took between 2 days and 18
months of postoperative epoprostenol therapy.23

Reassessment of the patient at frequent intervals by
repeat echocardiography can provide information not only on
the progress of therapy but also on the condition of the right
ventricle. With time, conditioning of the right ventricle may
occur, and a widely dilated chamber may develop into a
hypertrophied and well-contracting ventricle. If this occurs,
then the patient may tolerate liver transplantation with a
higher mPAP.34

If pulmonary hypertension is diagnosed on the operating
room table just before starting surgery, a decision has to be
made to proceed or defer the procedure. This decision needs
to be made rapidly, as another recipient may need to be
admitted. The decision to proceed should be based on the
level of the mPAP and systemic vascular resistance, the
reversibility of the mPAP and systemic vascular resistance,
and the condition of the right ventricle, as evaluated by TEE.
It must include a careful rechecking of the hemodynamic
data to ensure its accuracy and the elimination of other
diagnoses, such as fluid overload, cardiomyopathy, and res-
piratory acidosis. The reversibility of the increased mPAP
can be rapidly tested by the administration of iNO or anoth-
er pulmonary vasodilator (see above). The function of the
right ventricle may be evaluated by TEE surveillance while a
one liter fluid bolus and a dobutamine infusion are admin-
istered. If the mPAP reduces to <35 mm Hg, pulmonary vas-
cular resistance falls below 240 mm Hg, and right ventricu-
lar function is not severely impaired, a reasonable expecta-
tion exists that surgery can proceed safely. Inhaled nitric

(continued on page 17)
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1.
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Continue with
liver transplant

Irreversible, but
right ventricular
function is good
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Decision Tree:  
Management of Pulmonary Hypertension 
Diagnosed at Induction of Anesthesia for 
Liver Transplantation.
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oxide may assist in the management of transient acute rises
in pulmonary artery pressures associated with reperfusion of
the new graft.35

An increase in cardiac output is frequently seen (5% to
18% of patients) after reperfusion of the new graft and is
typically in the range of 5% to 10%. If there is a significant
resistance to pulmonary blood flow, then the laws of physics
dictate that the pressure must increase. Occasionally (3.7%
of patients), an increase in QT of more than 100% of base-
line may be seen (Figure).24

This massive increase in cardiac output with a fixed pul-
monary vascular resistance may cause the development of
systemic pulmonary artery pressures in patients with preex-
isting pulmonary hypertension and lead to acute right ven-
tricular failure. Since this massive increase in cardiac out-
put is unpredictable, it is prudent to reduce mPAP to a mild
(>35 mm Hg) level before undertaking liver transplantation.

The increase in cardiac output is probably the result of
the removal of the obstruction to portal blood flow by the
extraction of the diseased liver, together with the systemic
vasodilatation caused by the washout of acid metabolites
and other vasodilator substances from the new graft. Why
some patients have such an increase in cardiac output is not
known, but if this occurs it clearly adds to the risk for the
patient with pulmonary hypertension. The patient with the
relatively fixed pulmonary vascular resistance can react to
the increased flow only by an acute increase in pulmonary
artery pressure and potential right heart failure.

If an acute elevation in mPAP occurs intraoperatively, an
evaluation is made as to the etiology: increase in volume,
increase in cardiac output, and increase in pulmonary vas-
cular resistance or cardiac failure. Appropriate treatment is
initiated. If right heart failure occurs, the new graft is imme-
diately compromised, and the survival of the patient may be
in jeopardy. If conventional measures fail, atrial septostomy
and the insertion of a right ventricular assist device may be
lifesaving.

Conditioning of the right ventricle has been seen in two
of our patients who were awaiting orthotopic liver transplan-
tation and were being treated with epoprostenol. The 
first was diagnosed on the operating room table with an
mPAP of 49 mm Hg, pulmonary vascular resistance of 384
dynes.s.cm-5, and a cardiac index of 3.6 L/m2. The TEE
revealed a markedly dilated right ventricle and atrium, the
left ventricular ejection fraction was 55% to 60%. An iNO
response test reduced mPAP to 45 mm Hg. Liver transplan-
tation was postponed. An epoprostenol infusion was started
and the patient tolerated a maximum dose of 8 ng/kg/min.
One year later, the patient was receiving epoprostenol at 34
ng/kg/min and mPAP was 47 mm Hg with a cardiac index of
6.9 L/m2. At reevaluation after further therapy for 4 months,
mPAP was 34 mm Hg with a cardiac index of 6.2 L/m2.
Finally, after another 8 months, the patient was admitted for
liver transplantation. The mPAP was 39 mm Hg, systemic

vascular resistance 130 dynes.s.cm-5, and cardiac index 5.1
L/m2. On TEE, the right ventricle was now noted to be hyper-
trophied and contracting well; therefore transplantation was
undertaken. At reperfusion there was an increase in cardiac
output with a concomitant increase in mPAP to a peak of 55
mm Hg but the patient’s right ventricle tolerated this well.
The patient recovered well and is continuing treatment with
epoprostenol. The experience with the second patient was
similar.34

Summary
The intraoperative management of pulmonary hypertension
in the liver transplant recipient requires an accurate diagno-
sis of the etiology in order to classify the type of pulmonary
hypertension that exists, which determines the subsequent
course of action. A clear comprehension of the hemodynam-
ic data and cardiac function is paramount. A TEE is essen-
tial in assessing the risk factors. Patients with an 
mPAP >35 mm Hg and pulmonary vascular resistance >240
dynes.s.cm-5 are at particular risk for orthotopic liver trans-
plantation, and should undergo the procedure only after
careful individual assessment of all these parameters. The
available data provide a compelling reason to postpone
transplantation when a patient is found to have an mPAP
>35 mm Hg, and these data suggest that attempts be made
to improve hemodynamics and right ventricular function.
This may be accomplished in the operating room prior to
transplantation or may require a prolonged (and sometimes
indefinite) course of vasodilator therapy.

References
1. Ramsay MAE, Simpson BR, Nguyen AT, Ramsay KJ, East C,
Klintmalm GB. Severe pulmonary hypertension in liver transplant can-
didates. Liver Transpl Surg. 1997;3:494-500.
2. DeWolf AM, Scott VL, Gasior T, Kang Y. Pulmonary hypertension and
liver transplantation. Anesthesiology. 1993:78;213-214.
3. DeWolf AM, Gasior T, Kang Y. Pulmonary hypertension in a patient
undergoing liver transplantation. Transplant Proc. 1991;23:2000-2001.
4. Cheng EY, Woehlck HJ. Pulmonary artery hypertension complicating
anesthesia for liver transplantation. Anesthesiology. 1992;77:389-
392.

100

80

60

40

20

0
15:50 16:04 16:19 16:33 16:48 17:01 17:16

Time (hr:min)

Pr
es

su
re

 (m
m

 H
g)

5.9

15.7

Reperfusion

PA2-S PA2-D PA2-M Cardiac Output

Fig.—Reperfusion of liver graft in patient with pulmonary 
hypertension.

(continued from page 13)

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access



18 Advances in Pulmonary Hypertension

5. Prager MC, Cauldwell CA, Ascher NL, Roberts JP, Wolfe CL.
Pulmonary hypertension associated with liver disease is not reversible
after liver transplantation. Anesthesiology. 1992;77:375-378.
6. Yoshida EM, Erb SR, Pflugfelder PW, Ostrow DN, Ricci DR, Ghent
CN, Wall WJ, Grant D, Scudamore CH, Shackleton CB. Single-lung ver-
sus liver transplantation for the treatment of portopulmonary hyperten-
sion-a comparison of two patients. Transplantation. 1993;55:688-
690.
7. Scott V, DeWolf A, Kang Y, Martin M, Selby R, Fung J, Doyle H, Zaidy
G, Paradis I, Miro A.. Reversibility of pulmonary hypertension after liver
transplantation: a case report. Transplant Proc. 1993;25:789-1790.
8. Koneru B, Ahmed S, Weisse AB, Grant GP, McKim KA. Resolution
of pulmonary hypertension of cirrhosis after liver transplantation.
Transplantation. 1994;58:1133-1135.
9. Castro M, Krowka MJ, Schroeder DR, Beck KC, Plevak DJ, Rettke
SR, Cortese D, Weisner RH. Frequency and clinical implications of
increased pulmonary artery pressures in liver transplant patients. Mayo
Clin Proc. 1996;71:543-551.
10. Losay J, Piot D, Bougaran J, Ozier Y, Devictor D, Houssin D,
Bernard O. Early liver transplantation is crucial in children with liver
disease and pulmonary artery hypertension. J Hepatol. 1998;28:337-
342.
11. Taura P, Garcia-Valdecasas JC, Beltran J, Izquierdo E, Navasa M,
Sala-Blanch J, Mas A, Balust J, Grande L, Visa J. Moderate primary
pulmonary hypertension in patients undergoing liver transplantation.
Anesth Analg. 1996;83:675-680.
12. Starkel P, Vera A, Gunson B, Mutimer D. Outcome of Liver
Transplantation for Patients with Pulmonary Hypertension. Liver
Transpl. 2002;8:382-388
13. Krowka MJ. Pulmonary hypertension, (High) risk of orthotopic liver
transplantation, and some lessons from “primary” pulmonary hyper-
tension. Liver Transpl. 2002;8:389-390.
14. Kowalski HJ, Abelmann WH. The Cardiac output at rest in
Laennec’s cirrhosis. J Clin Invest. 1953;32:1025-33.
15. Liu H, Song D, Lee SS. Cirrhotic cardiomyopathy. Gastroenterol
Clin Biol. 2002;26:842-847.
16. Rodriguez-Roisin R, Krowka MJ, Herve P, Fallon MB,
Pulmonary–Hepatic Vascular Disorders (PHD) ERS Task Force. Eur
Respir J. 2004. In press. 
17. Krowka MJ,. Mandell SM, Ramsay MA, Kawut SM, Fallon MB,
Manzarbeitia C, Pardo M Jr, Marotta P, Uemoto S, Stoffel MP, Benson
JT. Hepatopulmonary syndrome and portopulmonary hypertension: a
report of the multicenter liver transplant database. Liver Transpl.
2004;10:174-182.
18. De Wolf AM, Scott V, Bjerke R, Kang Y, Kramer D, Miro A, Fung JJ,
Dodson F, Gayowski T, Marino IR, Firestone L. Hemodynamic effects of
inhaled nitric oxide in four patients with severe liver disease and pul-
monary hypertension. Liver Transpl Surg. 1997;3:594-597.
19. Ramsay MAE, Schmidt A, Hein HAT, Nguyen AT, Lynch K, East CA,
Ramsay KJ, Klintmalm GB. Nitric oxide does not reverse pulmonary
hypertension associated with end-stage liver disease: a preliminary
report. Hepatology. 1997;25(3):524-7.
20. Krowka MJ, Plevak DJ, Findlay JY, Rosen CB, Wiesner RH, Krom
RA. Pulmonary hemodynamics and perioperative cardiopulmonary-
related mortality in patients with portopulmonary hypertension under-
going liver transplantation. Liver Transpl. 2000;6:443-50.

21. Krowka MJ, Edwards WD. A spectrum of pulmonary vascular
pathology in portopulmonary hypertension. Liver Transpl. 2000;6:241-2.
22. Kaspar MD, Ramsay MAE, Shuey CB, Levy MF, Klintmalm GB.
Severe pulmonary hypertension and amelioration of severe hepatopul-
monary syndrome after liver transplantation. Liver Transpl Surg.
1998;90:177-179.
23. Molmenti EP, Ramsay M, Ramsay K, Lynch K, Hein T, Molmenti H,
Levy M, Goldstein R, Ausloos K, East C, Fasola C, Jung G, Escobar J,
Klintmalm G.. Epoprostenol and nitric oxide therapy for severe pul-
monary hypertension in liver transplantation. Transplant Proc.
2001;33:1332.
24. Ramsay MAE. Perioperative mortality in patients with Porto-
pulmonary hypertension undergoing liver transplantation. Editorial.
Liver Transpl. 2000;6:451-2.
25. Robalino BD, Moodie DS. Association between primary pulmonary
hypertension and portal hypertension: analysis of its pathophysiology,
clinical laboratory and hemodynamic manifestations. J Am Coll Cardiol.
1992;17:492-499.
26. Colle IO, Moreau R, Godinho E, Belghiti a, Ettori F, Cohen-Solal A,
Mal H, Bernuau J, Marty J, Lebrec D, Valla D, Durand F. Diagnosis of
portopulmonary hypertension in candidates for liver transplantation: a
prospective study. Hepatology. 2003;37:401-409.
27. Kim WR, Krowka MJ, Plevak DJ, Lee J, Rettke SR, Frantz RP
Wiesner RH. Accuracy of Doppler echocardiography in the assessment
of pulmonary hypertension in liver transplant candidates. Liver Transpl.
2000;6:453-458.
28. Krowka MJ. Portopulmonary hypertension: diagnostic advances
and caveats. Liver Transpl. 2003;9:1336-1337.
29. Ramsay MAE, Spikes C, East CA, Lynch K, Hein T, Ramsay KJ,
Klintmalm GGB.. The perioperative management of portopulmonary
hypertension with nitric oxide and epoprostenol. Anesthesiology.
1999;90:299-301.
30. Sitbon O, Brenot F, Denjean A, Bergeron A, Parent F, Azarian ,
Herve P, Raffestin B, Simonneau G. Inhaled nitric oxide as a screening
vasodilator agent in primary pulmonary hypertension. A dose-response
study and comparison with prostacyclin. Am J Respir Crit Care Med.
1995;151:384-389.
31. Morales J. Santos S, deJover L, Sala E, Pare C, Roca J, Rodrguez-
Roisin R, Barbera JA. Clinical value of acute vasodilator test with
inhaled nitric oxide for predicting long-term response to oral vasodila-
tors in primary pulmonary hypertension. Respir Med. 2004. In press.
32. Findlay JF, Harrison BA, Plevak DJ, Krowka MJ. Inhaled nitric oxide
reduces pulmonary artery pressures in portopulmonary hypertension.
Liver Transpl. 1999;5:381-387.
33. Fallon MB. Portopulmonary hypertension: new clinical insights and
more questions on pathogenesis. Hepatology. 2003;37:253-255.
34. Ramsay MAE, Clark RD, Tai S. Liver transplantation in a patient
with persistent portopulmonary hypertension. Liver Transpl.
2003;9:C39.
35. Mandell MS, Duke J. Nitric oxide reduces pulmonary hypertension
during hepatic transplantation. Anesthesiology. 1994;81:1538-1542.

D
ow

nloaded from
 https://prim

e-pdf-w
aterm

ark.prim
e-prod.pubfactory.com

/ at 2025-06-24 via free access


