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Pulmonary Hypertension Associated with Liver Disease
Is Not Reversible after Liver Transplantation
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Pulmonary hypertension is an unusual but well-known
complication of liver disease.! Patients with pulmonary
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hypertension are usually considered unacceptable can-
didates for liver transplantation because intraoperative
morbidity and mortality is assumed to be high. The role
of liver transplantation in reversing this form of pulmo-
nary vascular disease is not known. We present a patient
with severe pulmonary hypertension who underwent or-
thotopic liver transplantation.

CASE REPORT
A 23-yr-old woman with chronic active hepatitis was admitted for

pre-liver transplant evaluation. The diagnosis of chronic active hepatitis
was established by biopsy 12 yr prior to admission, Symptoms related
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to her liver disease were fatigue and mild encephalopathy. In addition,
she had laboratory evidence of thrombocytopenia. She denied gas-
trointestinal bleeding or ascites.

One year prior to admission she had been hospitalized for hemoptysis
at another institution. Bronchoscopy was reportedly normal but echo-
cardiography revealed right atrial and ventricular dilatation, and systolic
pulmonary arterial pressure was estimated to be 75 mmHg. The patient
was given no medications on discharge.

On admission, the patient was afebrile, with blood pressure 110/
70 mmHg and heart rate 85 beats/min. She was obese (103.8 kg).
Jugular venous pressure was estimated at 10 mmHg. The lungs were
clear. Cardiac examination revealed a palpable 82 with loud P2, phys-
iologic splitting of §2, and a right-sided S4 gallop. No murmurs were
heard, The liver and spleen were not enlarged. Moderate (2-3-) pitting
edema was present in the legs.

Admission laboratory values were hematocrit 45%, platelets
45,000 - mm™3, fibrinogen 240 mg/dl, prothrombin time 15.1 s, partial
thromboplastin time 32 s, total bilirubin 2.3 mg/dl, and albumin 2.3
mg/dl. Electrocardiography revealed normal sinus rhythm with tall R
waves in V1 and V2 and inverted T waves in leads V1-V3, consistent
with right ventricular hypertrophy. Chest x-ray revealed enlarged,
pruned pulmonary vessels with clear lung fields. Arterial blood gas
was Po, 70 mmHg, Pco, 31 mmHg, and pH 7.47 while breathing
room air.

Echocardiography revealed a dilated right ventricle and decreased
right ventricular ejection fraction, normal left ventricle, dilated pul-
monary artery with peak pulmonary artery pressure (PAP) estimated
at 70 mmHg. A saline contrast study revealed no intracardiac shunt.
Pulmonary ventilation/perfusion scanning showed mild irregularities
in pulmonary perfusion, especially in the left upper lobe, without ev-
idence of pulmonary emboli.

The patient was transferred to the coronary care unit for pulmonary
arterial catheterization and a trial of vasodilators for presumed pul-
monary hypertension. Directly measured PAPs were 81/33 mmHg
and pulmonary capillary wedge pressure 14 mmHg, right atrial (RA)
pressute 2 mmHg, cardiac output (CO) 12.5 1/min, calculated systemic
vascul ar resistance 507 dyn s+ cm™, and calculated pulmonary vascular
resistance (PVR) 224 dyn+s:cm™® (see table 1).

One hundred percent oxygen, delivered via nonrebreathing face
mask, increased oxygen saturation from 93% to 100% but did not alter
pulmonary pressures or PVR. Similarly, 5 mg isosorbide dinitrate sub-

lingual and intravenous prostaglandin E, (maximum dose 0.48
pg-kg™' - min~!) did not reduce PVR. Oral nifedipine 30 mg was ad-
ministered on several occasions. On one occasion, nifedipine reduced
PAP by 26% and PVR by 29%. Diltiazem failed to lower PAP signif-
icantly. Because the patient’s high CO was thought to contribute to
her pulmonary hypertension, a trial of esmolol was instituted. Esmolol
was infused in increments to a maximum dose of 250 mg - kg™  min~,
CO decreased from 13.7 to 10.0 1/min, and systemic vascular resistance
increased from 444 to 545 dyn-s-cm™. PAP did decrease from 95/
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37 to 83/31 mmHg, but the calculated PVR increased from 274 to
837 dyn-s-cm™. Esmolol and nifedipine were then administered si-
multaneously, but systolic blood pressure decreased to 80 mmHg, and
so this combination also was abandoned.

Despite this evidence of fixed pulmonary hypertension, the patient
did not have right ventricular failure (right atrial pressure 2 mmHg),

-and the decision was made to proceed with liver transplantation. The

patient was discharged home on nifedipine and furosemide to await
organ donation.

Three months later an appropriate donor was identified, and the
patient was admitted for liver transplantation. Preoperative physical
examination, complete blood count, electrolytes, and chest x-ray were
unchanged from the previous admission. Coagulation studies indicated
deterioration of liver function since the last admission: prothrombin
time 17.0 s, partial thromboplastin time 33.2 s, and fibrinogen 106
mg/dl.

Induction of general anesthesia was accomplished with 350 mg so-
dium thiopental, and tracheal intubation was facilitated with 100 mg
succinylcholine. Anesthesia was maintained with isoflurane, a contin-
uous infusion of fentanyl, and midazolam, and paralysis with meto-
curine. A radial arterial catheter and 7.5-Fr pulmonary artery catheter
were placed. Initial PAP was 120/60, central venous pressure (CVP)
9 mmHg, and CO 10.4 1/min. The anesthesiologists did not obtain
pulmonary capillary wedge pressure readings because of concern over
the patient’s coagulopathy. Simultaneous systemic pressure was 110/
60 mmHg and heart rate 120 beats/min, and arterial blood gas
(Fio, 100%) revealed Po, 320 mm Hg, Pco,41 mm Hg, and pH 7.34.

After incision, PAPs were 130-140/60 mmHg. Dobutamine 3
mg - kg™ - min~! was started in an attempt to decrease PAP. However,
the patient’s systemic pressure decreased abruptly; this was treated
with ephedrine, and the dobutamine was discontinued. Prostaglandin
E, was started at 100 pg/h, and 30 mg nifedipine (liquid extracted
from capsules) was placed in the nasogastric tube. Over approximately
30 min, PAP decreased to 96/63 mmHg and CVP to 9 mmHg. CO
and blood pressure were unchanged, but heart rate increased to 135
beats/min. The prostaglandin E, infusion rate was gradually increased
to 300 pg/h without further decrease in PAP, but systemic blood pres-
sure decreased to 90/50 mmHg. In addition, 50 ug/min nitroglycerin
was started, but systemic pressures decreased immediately, and the
nitroglycerin was discontinued.

Immediately after vena cava cross-clamping (without veno-venous
bypass), systemic blood pressure decreased precipitously and was un-
responsive to an infusion of phenylephrine (40 ug/ml). Norepinephrine
(about 11 pg/min) was titrated to keep systemic blood pressure at
100/50 mmHg. At this time, CO was 6.5 |/min, CVP 8 mmHg, PAP
53/36 mm Hg, pulmonary capillary wedge pressure 5 mmHg, PVR
512 dyn s cm™. The anhepatic period lasted 38 min.

Upon vena cava unclamping, PAPs increased to 135/50 mmHg,
and CVP was 6 mmHg and CO 20.0 1/min. Vasopressors were dis-
continued within 15 min, and blood pressure was stable at 110/50

TABLE 1. Hemodynamic Parameters Before, During, and After Liver Transplantation

MAP co SVR MPAP PVR
Event {(mmHg) (1/min) (dyn+s-cm™3) (mmHg) (dyn+s+cm™?)

3 Months preoperative 83 12,6 507 49 224
OLTXx: after induction 77 10.4 521 80 NA
Vena cava cross-clamp 73 6.5 804 42 512
Vena cava unclamp 60 20.0 208 78 NA
End transplant 73 12.3 738 66 431
3 Months postoperative 73 12.1 469 51 284

MAP = mean arterial pressure; CO = cardiac output; SVR = systemic

vascular resistance; MPAP = mean pulmonary artery pressure; PVR
= pulmonary vascular resistance.
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mmHg; prostaglandin E; was continued. Nifedipine was given via na-
sogastric tube every 2 h. Within 1 h of reperfusion of the graft, the
liver functioned well as assessed by improvement in metabolic acidosis
and by bile production. At the end of surgery, which lasted 5 h, blood
pressure was 110/60 mmHg, heart rate 135 beats/min, PAP 111/44
mmHg, CVP 6 mmHg, pulmonary capillary wedge pressure 10 mmHg,
CO 12.3 I/min, and PVR 431 dyn+s-cm™.

On the first postoperative day, prostaglandin E, was infused at 500
pg/h and nifedipine continued. When the prostaglandin E, was tran-
siently withheld, PVR increased by 43% to 515 dyn+s-cm™. On the

second postoperative day, persistent tachycardia (heart rate 150 beats/ -

min) prompted an esmolol infusion, which was used successfully to
maintain heart rate in the 110-120-beat/min range. At this time, PAP
was 80-85/40-45 mmHg.

On day 3, prostaglandin E, was discontinued without exacerbation
of high PVR. On day 5, the patient’s trachea was extubated. Hemo-
dynamics then were blood pressure 120/70 mmHg, heart rate 100
beats/min, CO 6.5 1/min, PAP 90/43 mmHg, and CVP 12 mmHg.
The patient was discharged from the hospital on day 15 and was in-
structed to take nifedipine and metoprolol in addition to her immu-
nosuppressive regimen.

Because the patient continued to experience shortness of breath,
pulmonary catheterization was repeated 3 months after liver trans-
plantation (table 1). At that time, PAP was 78/37 mmHg and PVR
284 dyn-s-cm™. A trial of nifedipine did not significantly improve
PAP. Upon consultation, the cardiologist recommended that the patient
be considered in the future for single-lung transplant. Nine months
after liver transplantation, directly measured PAP was 65/25 mmHg,
mean PAP 36 mmHg, pulmonary capillary wedge pressure 7 mmHg,
right atrial pressure 2 mmHg, CO 8.4 1/min, systemic vascular resis-
tance 700 dyn-s-cm™, and PVR 256 dyn-s-cm™,

DiSCUSSION

Pulmonary hypertension is generally defined as a mean
PAP at rest of greater than 25 mmHg.! An association
between liver disease and pulmonary hypertension was
first noted 40 yr ago,? but the association is a rare one.
Two studies place the prevalence of pulmonary hyper-
tension in the setting of liver disease at about 0.25%.%*
Another study notes a prevalence of 0.73% in the presence
of liver disease versus a 0.13% prevalence of primary pul-
monary hypertension in all autopsies.®

The pathogenesis of pulmonary hypertension asso-
ciated with liver disease is little understood. In general,
three types of pathophysiologic alterations can lead to
pulmonary hypertension: increased pulmonary venous
pressure (as with left ventricular failure), increased pul-
monary blood flow (as with ventricular septal defect), and
increased PVR (as with chronic hypoxemia).® High CO
states, and hence increased pulmonary blood flow, are
characteristic of cirrhosis; hypoxemia is also common.”
In addition, some authors have speculated that catechol-
amines, which in cirrhotic patients may contribute to sys-
temic vasodilatation, may also increase susceptibility to
pulmonary hypertension.® The association of extrahepatic
portal venous obstruction (without intrinsic liver disease)
and pulmonary hypertension®® has led to the theory that
portal-systemic shunting of unknown toxins contributes
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to pulmonary vascular disease.'! Finally, some investiga-
tors believe that microemboli from the portal circulation
to the lung contribute to pulmonary hypertension.'? None
of these theories is supported by convincing evidence.
Though not discussed in the literature, both pulmonary
hypertension and chronic active hepatitis may be caused
by a systemic autoimmune process. Our patient’s sero-
negative chronic active hepatitis was consistent with an
autoimmune process. (The University of California, Los
Angeles Liver Transplant program recently evaluated
another patient with autoimmune liver disease and severe
pulmonary hypertension. This patient was not accepted
as a candidate for liver transplantation because of severe
right heart failure.)
Various vasodilators have been tried in patients with
primary pulmonary hypertension, but in the majority of
these patients, PVR is unresponsive to pharmacologic in-
tervention. Calcium-channel blockers are most likely to
decrease PVR acutely'® and may cause some long-term
reduction in PAP.'* Infusion of prostacyclin can decrease
PVR,'® but this therapy may be practical only in special
situations, such as in monitored patients awaiting lung
transplant.'® Therapeutic trials of vasodilators for patients
with pulmonary hypertension mandate continuous mon-
itoring of pulmonary arterial and systemic pressures and
arterial oxygenation, since vasodilator therapy may be
hazardous.!” Common complications of vasodilator trials
include systemic hypotension, exacerbation of pulmonary
hypertension due to increased CO, and systemic arterial
desaturation.!” 8-Blocking drugs are not part of the usual
treatment trials for patients with primary pulmonary hy-
pertension. In fact, 8 agonists, because of their pulmonary
vascular vasodilating properties, have been advocated in
the treatment of primary pulmonary hypertension.'® In
our patient, a 8-blocking agent was given in an attempt
to decrease CO, to simulate the effect of liver transplan-
tation on the circulation, and to assess the response of
pulmonary hemodynamics. The patient’s CO did indeed
decrease significantly (27%); mean PAP decreased by only
10%, such that PVR increased.

Early in the intraoperative course, several vasodilators
were used in an attempt to reduce the extremely high
PAPs, but with little success. The patient’s systemic blood
pressures decreased unacceptably in response to low doses
of dobutamine and nitroglycerin. Although this response
is a common problem during vasodilator therapy,'” the
decrease in systemic pressures may have been exacerbated
by coadministration of several anesthetics and rapid fluid
shifts.

Not unexpectedly, the most extreme shifts in hemo-
dynamics occurred at the time of vena cava cross-clamping
and unclamping (table 1). The decrease in CO at the time
of vena cava cross-clamping, from 9.6 to 6.5 1/min, is
within the normal range for patients undergoing liver
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transplantation.'® During vena cava cross-clamping, PAPs
were significantly less than baseline intraoperative val-
ues—a passive response to the lower CO—and PVR was
markedly increased at 451~512 dyn - s+ cm™®. At the end
of surgery, when CO (and pulmonary blood flow) was
nearly twice that in the anhepatic period, PVR was 336
dyn-s-cm™.

When the vena cava was unclamped, the patient’s pul-
monary hypertension did not exceed her intraoperative
baseline, and CO indicated that ventricular function was
not compromised. The patient’s excellent right ventric-
ular function was the reason for her survival of this pro-
cedure.

Because patients with pulmonary hypertension are of-
ten considered unacceptable candidates for liver trans-
plantation, the role of liver transplantation in reversing
pulmonary hypertension associated with liver disease is
unknown. Some secondary forms of severe pulmonary
hypertension, such as that associated with mitral stenosis,
are reversible when the underlying circulatory defect is
surgically corrected.®® In our patient, the pulmonary vas-
cular process may have been a truly primary (autoimmune)
process, rather than one secondary to her liver disease,
and therefore not reversible after liver transplantation.
Alternatively, the anatomic changes in the pulmonary
vascular bed, if secondary to her liver disease, may simply
have advanced to the point of irreversibility at the time
of surgery.

In summary, our experience with this patient highlights
the difficulty of intraoperative management and suggests
that pulmonary hypertension in the setting of liver disease
may not be reversible by liver transplantation.
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