Housestaff Curriculum ~ Pulmonary Medicine

Pulmonary HTN

Learning Objectives:

1. Know the causes of secondary pulmonary hypertension, and how to approach the
evaluation of these potential underlying causes. (What should be done to “rule out”
secondary causes prior to a diagnosis of primary pulmonary hypertension (PPH)?)

2. Understand tbe incidence, pathogenesis, and natural history of disease for PPH.

3. Be familiar with the evaluation approach and therapeutic options for patients with
PPH.
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Review Article

Current Concepts

PRIMARY PULMONARY HYPERTENSION

Lewts J. Ruain, M.D.

tion characterized by sustained elevations of

pulmonary-artcry pressurc without a demon-
strable causc. The diagnostic critcria used in the Na-
tional Tnstitutes of Health (NTH) registiy! include a
mean pulmonary-artery pressure of more than 2§
mm Hg at rest, or more than 30 mm Hg with exer-
cise, and the exclusion of left-sided cardiac valvular
discase, myocardial discase, congenital heart disease,
and any clinically important respiratory, connective-
tissuc, or chronic thrombocmbolic discascs. Pulmo-
nary vascular discasc with clinical and pathological
features similar to those of primary pulmonary
hypertension can occur in patients with portal hy-
pertension,? infection with the human immunodefi-
dency virus (HIV),? or a history of cocaine inhala-
tion* and in those who take appetite-suppressant
drugs.ss

- INCIDENCE

Estimates of the incidence of primary pulmonary
hypertension range from 1 to 2 cases per million
people in the general population.&” The incidence of
pulmonary vascular discase in patienes with other ill-
ncsscs is not known, but it appcars that 0.5 to 2 per-
cent of patients with portal hypertension or HIV
infection have pulmonary vascular disease.$9 In 2 re-
cent case—control study, any use of appetite suppres-
sants was associated with an increased risk of pri-
mary pulmonary hypertension (odds ratio, 6.3), and
the odds ratio increased to more than 20 if the
drugs were used for more than three months.® Fen-
fluramine and dexfenfluramine, inhibitors of scro-
tonin uptake widcly used to treat obesity, were the
drugs most commonly associated with pulmonary
hypertension, but amphetamines were also implicat-
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¢d. The cffect of appetitc suppressants was indc-
pendent of body-mass index, which suggests that
obesity was not responsible for the increased risk.
Because pulmonary hypertension develops in only a
small percentage of people with other illnesses, it has
been proposed that this form of hypertension re-
qQuires some predisposition, perhaps one genctically
determined.

Familial primary pulmonary hypcrtension account-
ed for 6 percent of the 187 cases in the NTH regis-
try.! The histopathological and clinical features of
the familial form of the disease are identical to those
of the sporadic form,' although, not unexpectedly,
the diagnosis is made earlier in the familial form.
The familial form is inherited as an autosomal dom-
inant trait and is associatcd with a pattern of “gc-
nctic anticipation,” a worscning of discasc in subsc-
quent generations, manifested by greater severity or
carlier onset.!! Genetic anticipation is a feature of
other conditions in which a trinucleotide-repeat
pattern has been implicated, such as the fragile X
syndrome.

PATHOGENESIS AND PATHOPHYSIOLOGY

Three elements combine to produce increased
vascular resistance in patents with primary pulmo-
nary hypertension: vasoconstriction, vascular-wall re-
modeling, and thrombeosis in situ. The pathogenetic
importance of vasoconstriction was_first suggested
by Wood,”? who notcd vasodilation in responsc to
the infusion of acctylcholinc. Subscquently, Wagen-
voort!3 stressed that the earliest pathologic feature of
primary pulmonary hypertension was medial hyper-
trophy, which indicated the presence of a stimulus
for vasoconstriction and the proliferation of smooth
muscle. More recently, Palevsky et al.'* found a cor-
relation between the hemodynamic responsc to vas-
odilators and thc arca of the vascular-wall mcdia, as
mcasurced in pathological spccimens.

Altered function of the pulmonary vascular endo-
thelium may also be important. An imbalance in the
ratio of the metabolites of prostacyclin to those of
thromboxane (both substances are circulating cicosa-
noids with divergent effects on platclet aggregation
and vascular smooth-musclc tonc)'s suggests that ci-
ther enhanced activity of thromboxanc or diminished
activity of prostacyclin may contribute pathogene-
sis. Impaired synthesis of the endothelium-derived
vasorelaxant nitric oxide and enhanced production of
the endothelium-derived vasoconstrictor endothelin
have also been associated with pulmonary hyperten-
sion.'$!? Whether these abnormalitics arc the cause
or the result of the discasc, howcver, remains un-
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Figure 1. Ventilation—-Perfusion Scans and Pulmonary Arterio-
grams of Patients with Primary Pulmonsry Hypertsnsion snd
Chronic Thrombocambolic Puimonary Hypertension.

Panel A shows ventllation—-perfusion scans of the lungs {from a
varisty of angies), brain, and kidneys of a patient with primary
pulmonary hypertension. The tracer uptake in the brain and kid-
neys is indicative of the presence of a right-to-lsft shunt. Panel
B shows similar lung scans of a patient with chronic thrombo-
embolic pulmonary hypertansion. Panels C and D (facing page)
show puimonary artsriograms of a patient with primary puimo-
nary hypertension and a patient with chronic thromboembaolic
pulmonary hypertension, respactively. The arrows in Panel D in-
dicate intravascular bands and abrupt cutoffs, which are typical
of chronic thrombotic disease. R danotes right, L left, P posteri-
or, A antsrior, RAO right antarior oblique, LAO left antsrior ob-
lique. RPO right posterior oblique, and LPO left posterior ob-
lique.

certain. The proliferation of intimal and adventitial
tissue succeeds vasoconstriction as the discase pro-
gresses. Thrombosis may result from injury to the
endothelium, abnormal fibrinolysis, enhanced pro-
coagulant activity, and platelet abnormalities.1?

DIAGNOSIS

The major obstacles to establishing a clinical diag-
nosis early in the course of the discase are the non-
specific nature of the symptoms and the subtety of
the signs of less advanced disease. The mean length
of time from the onset of symptoms to the establish-
ment of the diagnosis is about two years, and in
about 10 percent of patients, the diagnosis is not es-
tablished until after three years of symptoms.! Dysp-
nea, the most common reason for secking medical
help, occurs in 60 percent of patients, but is report-
ed by nearly all patients as the discase progresses. Fa-
tigability is a common carly symptom; angina and
syncope, particularly with exertion, are indicative of
more severe limitations in cardiac output. Approxi-
mately 10 percent of patients, usually women, report
symptoms of Raynaud’s phenomenon.

Echocardiography can rule out congenital, valvu-
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lar, and myocardial disease and may provide a means
of estimating pulmonary-artery systolic pressure.!?
The results of ventilation—perfusion scanning are nor-
mal or reveal a patchy distribution of tracer, partic-
ularly in pulmonary veno-occlusive discase,? in con-
trast to the multiple, larger perfusion defects typical
of chronic major-vessel thromboembolic pulmonary
hypertension (Fig. 1A and 1B). Pulmonary arteriog-
raphy is useful when the perfusion lung scan is in-
conclusive and can generally be performed safely
even in patients with severe pulmonary hypertension
(Fig. 1C and 1D).n

Abnormalities in lung function are usually mild,
and arterial hypoxemia is almost always found ! Car-
diopulmonary exercise tests disclose a pattern of
altered cardiac function, with reduced maximal oxy-
gen consumption, high minute ventilation, a low an-

~acrobic threshold, reduced maximal oxygen pulse,

and an increased alveolar-arterial oxygen gradient.
There is a correlation between the distance walked
during a six-minute walk test and the severity of pul-
monary hypertension, so this noninvasive study of
less than maximal exertion may be useful for moni-
toring the response to therapy.3
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Serologic studies are often performed in patients
with uncxplained pulmonary hypertension to screen
for connective-tissue diseases. Positive results of an-
tinuclear-antibody tests are common,! usually with a
low titer, although high titers without a specific pat-
tern have been reported.

Pulmonary hemodynamics are markedly deranged,
with increases in pulmonary-artery pressure to levels
three or more times normal, elevated right atrial

pressure, and depressed cardiac output! Pressures
on the left side of the heart are usually normal, al-
though extreme dilation of the right heart chambers
can compress the left chambers to a degree that lim-
its filling and produces small increases in diastolic
pressures. The pulmonary-capillary wedge pressure
is usually normal, even in veno-occlusive disease,
owing to the patency of the larger pulmonary weins
and the patchy nature of the discase process in the
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veins.3* However, in veno-occlusive discase, meas-
urements of capillary wedge pressure at several sites
may disclose abnormally elevated pressures in some
vascular segments.

THERAPY

Primary pulmonary hypertension is a progressive
disease for which there is no cure. Spontancous re-
mission has been reported* but is rare,?$ although
paticnts with the disease who were taking an anorec-
tic drug may have a substantial improvement in their
condition or even a remission afier the discontinua-
tion of the drug.?¢ Considerable progress in therapy
has been made over the past 15 years, however, and
there are both pharmacologic and surgical strategics
for wreatment.

Vasodilators

The rationale for therapy with vasodilators is based
on the observation that vasoconstriction is a promi-
nent feature of this discase. Unfortunately, there is
no way to predict from patients’ demographic or he-
modynamic characteristics who is likely to respond to
vasodilators and who is not.” The initial response to
vasodilator challenge, however, accurately identifies
patients who are likely to respond to long-term oral
therapy.282® Hence, it is imperative to evaluate pul-
monary vasoreactivity during the initial hemody-
namic study before embarking on a course of long-
term therapy. The most suitable drugs for testing
acute response are potent, short-acting, and titrat-
able vasodilators such as nitric oxide,® ¢poprostenol
(prostacyclin),® and adenosine.® The action of nitric
oxide is most specific to the pulmonary vascular bed,
since the binding of the agent to hemoglobin in the
pulmonary capillary blood markedly reduces its sys-
temic vasodilator activity. The pulmonary vascular
responses to intravenous cpoprostenol or adenosine
are usually similar to those of inhaled nitric oxide.??
Acrosolized epoprostenol produces selective effects
similar to those of inhaled nitric oxide.*

There are no uniformly accepted criteria for a
beneficial response to acute vasodilator challenge.
Patients who have a reduction in pulmonary-artery
pressure, accompanied by an increase in cardiac out-
put and little change in systemic pressure or arterial-
oxygen saturation, are likely to have sustained hemo-
dynamic and symptomatic improvement® as well as
prolonged survival.® In contrast, a patient’s condi-
tion is more likely to deteriorate if the pulmonary-
artery pressurc increases or remains unchanged, the
systemic blood pressure falls excessively, the cardiac
output or orygen saturation declines, or the right
atrial pressure increases. The usefulness of oral vaso-
dilator therapy is controversial in patients who (dur-
ing vasodilator challenge) have an acute reduction in
pulmonary vascular resistance resulting from an in-
creased cardiac output without a fall in pulmonary-
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Taste 1. Dose Ranges, ROUTES OF ADMINISTRATION,
AND HaLr-Lives of THE MOST FXBQUENTLY USED VASODILATORS
IN PATIENTS WITH PRIMARY PULMONARY HYPEXTENSION.

Do Route Doss Ranos Har-Lre
Epop * o 2-20 ng/kg of body 3-5 min
weight/min
Adenosine Inrsvenous  50-200 of body 5-10 sec
min
Nitric oxide Inhsled 5-80 ppm 15-30 sec
Nifedipinet ol 30-240 mg/day 2-5 hr
Diltiagemt Onl 120-900 mg/day 245 hr

*The dose range shown is for 2 short-term infusion; the dose range for
long-term infasions often exceeds 100 to 150 ng per kilogram per minate.

1The haiffife shown refers to corwentional ; sustained-
relesse preparstions mey be administered once daily.

artery pressure. Although exercise tolerance may be
improved in such patients, right ventricular function
may be adversely affected.?” It is not known whether
long-term vasodilator therapy improves survival in
this group of patients.

The most widely used drugs for long-term thera-
py are the calcium-channel blockers nifedipine and
diltiazem, which produce sustained improvement in
the condition of 25 to 30 percent of paticnts.?
Doses of these drugs that are larger than those used
to treat systemic hypertension or coronary artery
disease may be necessary to produce beneficial effects
in primary pulmonary hypertension,®#$ although
dosage requirements and tolerance vary considerably.
Experience with verapamil has been disappointing,
in part because of its negative inotropic effects.?” In
contrast to their important benefits in patients with
systemic vascular disease, the effects of angiotensin-
converting-enzyme inhibitors appear to be small in
primary pulmonary hypertension, at least acutely.®
The most commonly used vasodilators are listed in
Table 1.

Oral vasodilator therapy should be adjusted on
the basis of symptoms and objective findings, in-
cluding blood pressure, oxygen saturation, and the
results of physical examination. Echocardiography
may be a uscful, noninvasive way to monitor the ef-
fects of therapy: reductions in right-chamber size
and estimated pulmonary-artery systolic pressure may
be observed in patients given long-term therapy
with calcium-channel blockers.3s Assessment of he-
modynamic measures by catheterization remains,
however, the best test for evaluating the response to
therapy. The side effects of long-term vasodilator
therapy include systemic hypotension, edema, and
hypoxemia. Hypoxemia may be caused by three sets
of circumstances: a worsening ventilation—perfusion
ratio caused by increased perfusion of poorly venti-
lated portions of the lung; mixed venous hypoxemia
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due to drug-induced depression of cardiac output;
and shunting through a patent foramen ovale if sys-
temic vasodilation is present.?

The observation that epoprostenol produces acute
hemodynamic effects in a substantial proportion of
patients® led to its use in long-term therapy. Epo-
prostenol must be given by continuous intravenous
infusion, since it has a short half-life in the circula-
tion and is inactivated by the low pH of the stomach.
The drug is delivered with a portable infusion pump
attached to a permanent indwelling central venous
catheter. In a three-month randomized, prospective
trial, the infusion of epoprostenol improved hemo-
dynamic characteristics, exercise tolerance, quality of
life, and survival in patients in New York Heart Asso-
ciation functional classes III and IV, as compared
with a group of similar patients receiving convention-
al therapy.2? Beneficial long-term hemodynamic re-
sponscs have also been reported, although the dos-
age required to sustain these effects increases with
time.4# The major adverse effects of long-term ther-
apy with epoprostenol are attributable to the com-
plex delivery system involved; they include pump
malfunction, catheter-related infections, and throm-
bosis.22404! Interruption of the infusion may lead to
a prompt return of symptoms, which may be life-
threatening. Drug-induced side effects are common
and include jaw pain, cutancous erythema, diarrhea,
and arthralgias. Short-term infusion of epoprostenol
can also produce pulmonary edema in veno-occlusive
disease, because of increased pulmonary perfusion in
the presence of downstream vascular obstruction !
Intermitwent therapy with nebulized iloprost, a stable
analogue of prostacyclin, may be feasible,#2 although
the long-term effects of this approach have not been
evahiated.

Long-term therapy with epoprostenol produces
sustained hemodynamic responses even in patients
who have little or no response to acute infusion.?
Properties of the drug other than its vasodilator ac-
tivity, including the inhibition of platelet aggrega-
tion and effects on vascular remodeling, may be
responsible for these long-term effects. Thus, in
contrast to oral vasodilators, which should not be
used without evidence of a patient’s vasoreactivity to
acute challenge, therapy with epoprostenol may be
initiated without an acute challenge. Epoprostenol
has been used as a primary mode of therapy or as a
bridge to transplantation. Several patients have been
receiving cpoprostenol by continuous infusion for
almost 10 years with sustained clinical and hemody-
namic benefits.

Transplantation

Lung transplantation and combined heart-lung
transplantation have been performed for primary
pulmonary hypertension®*#; survival rates after the
two procedures are similar.4s The limited availability

of hearts for transplantation makes lung transplanta-
tion particularly appealing, since the waiting time for
a lung transplant is approximately half that for the
combined transplant. Even markedly depressed right
ventricular function improves considerably with sin-
gle- or double-lung transplantation.+? One-year sur-
vival rates after lung transplantation for primary pul-
monary hypertension range from 65 to 70 percent.4
Mortality rates after lung transplantation are signifi-
cantly higher among patients with primary pulmo-
nary hypertension than among those who had other
indications for the surgery.4 Obliterative bronchioli-
tis, the major long-term complication of transplan-
tation, also occurs more frequently in patients who
arc operated on for primary pulmonary hyperten-
sion.* Recurrence of primary pulmonary hyperten-
sion after transplantation has not been reported.
The timing of transplantation is a difficult chal-
lenge. Patients must be sufficiendy ill to warrant
transplantation, yet not be so ill that surviving sur-
gery scems unlikely. The approach followed at many
centers is to initiate epoprostend! therapy and put
the patients on the list for ransplantation, with pe-
riodic assessment of clinical status. Patients whose
condition improves substantially with epoprostenol
may wish to defer transplantation; those with litte
or no response to the drug are more likely to require
transplantation. Although most patients who have
sustained improvement of their condition with epo-
prostenol maintain this response, sudden deteriora-
tion or life-threatening complications can occur. An
algorithm for the treatment of patients with primary
pulmonary hypertension is shown in Figure 2.

Anticoaguiation

Anticoagulation has been recommended as thera-
Py because there is an increased risk of thrombosis
and thromboembolism in situ due to sluggish pul-
monary blood flow, dilation of the right heart cham-
bers, venous stasis, and the limitations in physical ac-
tivity imposed by the discase. Both a retrospective
analysis#” and a small, nonrandomized, prospective
study’ suggest that anticoagulation prolongs life.
Warfarin is the anticoagulant of choice, in doses ad-
justed to achieve an international normalized ratio
of approximately 2.0.

Other Supportive Measures

Diuretics are uscful in reducing excessive preload
in patients with right heart failure, particularly when
hepatic congestion and ascites are present. Patients
with hypoxemia, at rest or exercise-induced, may
have symptomatic improvement with supplemental
oxygen. Some researchers advocate the use of cardi-
ac glycosides when calcium-channel blockers are giv-
en,’ in order to counteract the negative inotropic
propertics of the calcium-channel blockers.

Mcchanical compression of the left side of the
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Evaluation of Vasoreactivity by Challenge Test
« Inhalad nitric oxide
« Intravenous epoprostenol
* Intravenous adenosine

—

Marked Fail in Moderate or Minimal
Pulmonary Vascular Fall in Puimonary
Raesistance Vascular Resistance

v ' v

Oral Calcium-
Channel-Blocker NYHA Class NYHA Class
oriv lorli
Therapy ¢ L
I Response I l No Response l—b NYHA | Anticoagulation | | Anticoagulation
v v Class Epoprosteno! Possible oral
- Boriv Transplantation || calcium-channel-
Anticoagulation NYHA Class | or It
Oral calcium- L__T__—I blocksr therapy
channel-blocker
therapy I Anticoagulation '

Figure 2. Algorithm for the Management of Primary Pulmonary Hypertension.

NYHA denotes New York Heart Association.

heart can result from massive dilation of the right
side, leading to underfilling of the left ventricle. The
creation of a right-to-left shunt by blade-balloon
atrial septostomy has been reported to improve for-
ward output and alleviate refractory right-sided
heart failure by providing blood with a low-resist-
ance channel, thereby decompressing the right atri-
um and imgroving filling of the left side of the
heart.# The objective of this approach is to improve
systemic oxygen transport by i increasing cardiac out-
put sufficiendy to offset the decline in oxygen con-
tent that results from the increased admixture of
venous blood due to the shunt.

The hemodynamic stresses of pregnancy are poor-
ly tolerated by women with primary pulmonary hy-
pertension, and sudden deterioraton, particularly in
the immediate postpartum period, can be fatal 42
Oral contraceptives are not recommended for birth
control, since their use may exacerbate pulmonary
hypcrtcnsion.“’

SURVIVAL AND NATURAL HISTORY

The median period of survival after diagnosis, as
recorded in the NIH registry, is 2.5 years ! but pa-
tients may survive for lengthy periods, particulady
with the use of newer means of treatment. Anticoag-
ulants nearly double the three-year survival rate,” and
patients who respond to calcium-channel blockers
have a five-year survival rate of 95 percent.?¢ The five-
year survival rarc among patdents in New York Heart
Association classes IIT and IV who were treated with
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epoprostenol (54 percent) was twice that of matched
historical control patients (27 percent). 4 Predictors
of survival in primary pulmonary hypertension in-
clude indicators of the severity of disease as assessed
by measurement of hemodynamic characteristics
(mean pulmonary-artery pressure, right atrial pres-
sure, cardiac index, and mixed venous oxygen satura-
tion), functional class, exercise tolerance (six-minute
walk test), anticoagulant therapy, and the response to
vasodilators.22.3651 Most patients succumb to progres-
sive right-sided heart failure, but sudden death ac-
counts for approximately 7 percent of deaths.

FUTURE DIRECTIONS

The stady of explanted tissue from patients who
undergo transplantation and of genetic material
from paticnts with familial discase may help clarify
the molecular mechanisms responsible for primary
pulmonary hypertension. Surveillance studies are
needed to assess the long-term risks of the use of an-
orectic drugs and to provide additional insight into
risk factors for pulmonary hypertension. Long-term
therapy with stable prostacyclin analogues (in in-
haled, transdermal, or oral form)? or with inhaled
nitric oxide$? could replace therapy dependent on
the cumbersome dclivery system for epoprostenol
currently in use.

Supporcted in part by an Academic Award in Vascular Diseases from the
Nadonal Heart, Lung, and Blood Imstimte and a grant from the PPH Cure
Foundation.
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