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B Objective: To characterize mortality in persons diag-
nosed with primary pulmonary hypertension and to
investigate factors associated with survival.

B Design: Registry with prospective follow-up.

B Setting: Thirty-two clinical centers in the United
States participating in the Patient Registry for the
Characterization of Primary Pulmonary Hypertension
supported by the National Heart, Lung, and Blood
Institute.

B Patients: Patients (194) diagnosed at clinical centers
between 1 July 1981 and 31 December 1985 and
followed through 8 August 1988,

B Measurements: At diagnosis, measurements of he-
modynamic variables, pulmonary function, and gas
exchange variables were taken in addition to informa-
tion on demographic variables, medical history, and
life-style. Patients were followed for survival at 6-month
intervals.

B Main Results: The estimated median survival of
these patients was 2.8 years (95% Cl, 1.9 to 3.7 years).
Estimated single-year survival rates were as follows: at
1 year, 68% (Cl, 61% to 75%); at 3 years, 48% (Cl, 41%
to 55%); and at 5 years, 34% (Cl, 24% to 44%).
Variables associated with poor survival included a New
York Heart Association (NYHA) functional class of Il or
IV, presence of Raynaud phenomenon, elevated mean
right atrial pressure, elevated mean pulmonary artery
pressure, decreased cardiac index, and decreased dif-
fusing capacity for carbon monoxide (DLg). Drug ther-
apy at entry or discharge was not associated with
survival duration.

B Conclusions: Mortality was most closely associated
with right ventricular hemodynamic function and can be
characterized by means of an equation using three
variables: mean pulmonary artery pressure, mean right
atrial pressure, and cardiac index. Such an equation,
once validated prospectively, could be used as an
adjunct in planning treatment strategies and allocating
medical resources.
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Participating clinical centers are listed in the Appendix. For
current author addresses, see end of text.
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Prirrsam..r pulmonary hypertension has been considered
a progressive, intractable, and often fatal disease (1-4).
Further, treatments used late in its course, such as
continuous prostacyclin infusion or heart-lung trans-
plant, are expensive and of limited availability. These
factors necessitate some form of priority assignment for
patients. Prioritization is based primarily on prognosis
and severity of disease, among other factors.

Although estimates of survival in primary pulmonary
hypertension are often pessimistic (1-4), considerable
variation in these estimates does occur (5-8), as does
spontaneous patient improvement or disease regression
{9-11). Factors found in previous studies to be associ-
ated with increased mortality include hemodynamic var-
iables (5, 12), use of oral contraceptives (13, 14), family
history of primary pulmonary hypertension (9), and
pregnancy (15, 16).

Some of these studies lacked rigorous criteria for the
diagnosis of primary pulmonary hypertension. Others
calculated survival from time of symptom onset, a sub-
jective factor that relies on patient self-reports. The
sample sizes used in other studies were too small to
provide stable and reliable estimates of survival.

To overcome some of these problems, the Patient
Registry for the Characterization of Primary Pulmonary
Hypertension was established by the National Heart,
Lung, and Blood Institute of the National Institutes of
Health. Features of the Registry include prospective
collection of data according to a standardized protocol;
entry into the Registry of only those patients who sat-
isfy diagnostic criteria established by a steering commit-
tee of cardiologists, pulmonologists, statisticians, epide-
miologists, and other relevant professionals; use of the
initial diagnostic catheterization as an index for deter-
mining survival; and recruitment and follow-up of 194
patients with primary pulmonary hypertension from 32
medical centers in the United States.

Using these criteria, we have obtained from the Reg-
istry what we believe to be stable estimates of survival
patterns and have used the objective data obtained at
the diagnostic cardiac catheterization to formulate an
equation that estimates the probability of survival over
a 3-year period. We believe such an estimate can be of
considerable value in the planning of treatment strate-
gies and in the allocation of scarce medical resources.
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Patients and Methods

Thirty-two medical centers (see Appendix for list of partic-
ipating centers) enrolled 194 patients with primary pulmonary
hyperiension in the Registry between | July 1981 and 30 Sep-
tember 1985. Follow-up for survival continued at 6-month in-
tervals until 8 Avgust 1988, A complete description of the
criteria for patient entry into the Registry has been described
previously (17).

Variables

The date of diagnostic catheterization was established as the
baseline from which survival was measured. Data on date of
symptom onset and previous diagnosis of primary pulmonary
hypertension were collected and were considered in our anal-
yses,

We examined the relation of variables measured at diagnos-
tic catheterization to subsequent mortality. The methods used
to measure these variables have been described previously
{17

For each death that occurred among Registry patients, a
cause-of-death form was completed by the investigator at the
participating center. The reporting form requested date of
death, cause of death (immediate or secondary), autopsy per-
formed (ves or no), and a description of details. Based on a
review of this form, the cause of death was calegorized as
“sudden death,”” *‘right ventricular failure,”" or “‘other.” On
review of the baseline examination and subsequent forms, it
was determined whether each patient was receiving long-term
drug therapy at the time of study entry and whether this
therapy was continued after the patient was discharged.

Statistical Analysis

We analyzed the distribution of the data on survival time
from diagnostic catheterization among Registry patients and
determined the variables associated with survival.

Standard life-table analysis and the Kaplan-Meier statistic
were used to estimate owverall survival distnibution (18).
Univanate analysis based on the proportional hazards model
(18) was used to examine relations between survival and se-
lected demographic, medical-history, pulmonary-function, lab-
oratory, and hemodynamic variables measured at baseline. Re-
sults are expressed as odds ratios with 95% confidence
intervals (Cls). For continuous variables, the odds ratios are
expressed per unit of measurement,

Multivariate analysis based on the proportional hazards
model was used to examine the independent effect on survival
of each variable, controlling for possible confounders. The
number of covariates that could be entered simultaneously was
limited by the high degree of colinearily among variables in the
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Figure 1. Estimated percentage of patients surviving over time
from the baseline catheterization. Mumber of patients at risk are
shown for 0 through 5 years. Median survival is estimated at
2.8 years. Estimated percentages of patients surviving at 1, 3,
and 5 years are 68%, 48%, and 347, respectively.

same category (for example, hemodynamic), the small number
of patients, and the length of the follow-up period.

In the proportional hazards model, a patient’s chance for
survival is expressed as a product of two functions—one in-
volving only time, the other involving levels of the particular
sel of risk factors specified in the model. Using the discrete-
hazard model of Kalbfleisch and Prentice (19), we developed
formulas that estimated a patient’s chances for survival at 1, 2,
and 3 vears from baseline, given the values of the patient’s
three hemodynamic variables: mean pulmonary artery pres-
sure, mean right atrial pressure, and cardiac index. These three
variables were chosen because of their relation to survival
found in this and other studies.

Differences between mean values (measured at baseline ex-
amination) for patients classified as “‘sudden death’ and those
classified as dying of right ventricular failure were evaluated
using the Student r-test; differences between rates were eval-
uated by chi-square analysis.

Results

As of 8 August 1988, 106 of the 194 patients had died,
and 60 remained in follow-up. Thirteen patients who
had heart-lung transplantation were followed only to the
time of transplant. Fifteen patients who were lost to
follow-up were considered for purposes of the analysis
to be survivors. Of the 106 who died, 28 (26%) had an
unexpected or sudden (witnessed or unwitnessed)
death, and 50 (47%) died of right ventricular failure.

Summary statistics on survival and length of fol-
low-up for the 194 evaluable patients are shown in Fig-
ure 1. OF the 194 patients, 124 (64%) were followed for
at least 1 year; 101 (52%), for at least 2 years; 70 (365%),
for at least 3 years; 41 (21%%), for at least 4 years; and
19 {9%%), for at least 5 years. The estimated median
survival time was 2.8 years (Cl, 1.9 to 3.69 years).
Median survival times from baseline catheterization
were 39 months for men and 32 months for women.

Previous Diagnosis

Of the 194 patients who were accepted into the Reg-
istry, 69 (3695) reported a previous diagnosis of primary
pulmonary hypertension. The median time between first
diagnosis and diagnosis at a Registry center was 1.6
years. There was no statistically significant difference in
survival time between patients reporting a previous di-
agnosis of primary pulmonary hypertension and those
for whom the diagnosis was made at a Registry center
(median survival, 3.2 compared with 2.6 years).

Factors Associated with Survival Duration in
Univariate Analysis

Results of the univariate analysis of the relation be-
tween survival and variables measured at entry into the
Registry are shown in Table 1. Survival was not asso-
ciated with patient gender, smoking history, the pres-
ence or absence of serum antinuclear antibody titer, a
family history of primary pulmonary hypertension, a
history of oral contraceptive use, or pregnancy. Of the
108 women entered in the study, 61 had used oral
contraceptives, a frequency of use similar to that found
among American women. Of the variables assessed,
only the age at symptom onset for users of oral contra-
ceptives compared with nonusers showed a difference
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(30.9 = B.4 years compared with 39.9 = 17.3 years)
P < 0.002).

The risk for death was higher among patients classi-
fied in New York Heart Association (NYHA) functional
class 11 or IV than among those classified in functional
class 1 or [l (odds ratio, 1.93). Median survival time for
patients who were in functional class I or Il was 58.6
months compared with 31.5 months for patients who
were in functional class III. Survival time decreased
markedly to 6 months for patients in functional class
IV. The presence of Raynaud phenomenon was associ-
ated with an increased risk for death (odds ratio, 2.11).
Sixteen patients with Raynaud phenomenon, fifteen of
whom were women, had a median survival of 11.8
months, compared with 43.9 months for those without
the disorder (P = 0.02). When all other variables were
examined, however, mean values in patients with and
without Raynaud phenomenon were similar.

Three measured hemodynamic variables known to be
associated with disease severity were also associated
with an increased risk for death: increased mean right
atrial pressure (odds ratio, 1.99), increased mean pul-
monary arterial pressure (odds ratio, 1.16), and de-
creased cardiac index (odds ratio, 0.62). The effect of
these hemodynamic variables on mortality is shown in
Figure 2. An increase in mean pulmonary arterial pres-
sure from less than 55 mm Hg to at least 85 mm Hg was
associated with a decrease in median survival time from
48 months to 12 months. Similarly, an increase in right
atrial pressure from normal or mildly elevated levels
(< 10 mm Hg) to markedly elevated levels (= 20 mm
Hg) was associated with a decrease in median survival
time from 46 months to | month. Finally, an increase in
cardiac index from less than 2.0 L/min per m® body
surface area to at least 4.0 L/min per m® correlated with
an increase in survival time from 17 months to 43
months. Variables derived from these hemodynamic
measurements (higher pulmonary vascular resistance in-
dex, higher systemic vascular resistance index, and a
lower stroke volume index) were also significantly re-
lated to mortality.

Of the pulmonary function tests, diffusing capacity
for carbon monoxide (DL..) was weakly associated
with mortality (odds ratio, 0.97), and none of the gas
exchange variables was related to mortality,

Thirty-six persons (199) were receiving some form
of long-term drug therapy at the time of study entry.
The drug therapy consisted of single or multiple vaso-
dilators; vasodilators in combination with digitalis, diu-
retics, anticoagulants, or other drugs; or digitalis, di-
uretics, anticoagulants, oxygen, or other drugs alone
or in combination. Patients receiving long-term drug
therapy (median survival, 4.5 years; CI, 2.5 10 5.4
years) showed no significant difference in survival time
compared with patients not receiving such therapy at
study entry (median survival, 2.6 years; CI, 0.7 to 5.7
YEars).

A similar proportion of both groups (patients receiv-
ing and those not receiving long-term drug therapy at
study entry) received discharge drug therapy as well.
These two groups were similar in all other baseline data
investigated. OF the 194 Registry patients, 160 (83%)
received some drug therapy on hospital discharge. Of

Table 1. Univariate Analysis Relating Survival Time to

Selected Baseline Variables*

Variable Odds Ratio (95% CI)
Demographic and historical data
Age 1.00 {0.99 1o 1.01)

Age al symptom onset
Symptom duration
Sex (men:women)
NYHA functional class I, II
compared with 111, IV
NYHA functional class 1, 11, 111
compared with IV
Raynaud phenomenon
(presencefabsence)
Pulmonary function tests
Total lung capacity
Forced vital capacily
Forced expiratory volume in one
second
Diffusion capacity for carbon
monoxide
Hemodynamic
Heart rate
Mean vascular pressures
Right atrial
Pulmonary arterial
Systemic arterial
Cardiac index
Indexed vascular resistance
Pulmonary arterial
Systemic arterial
Gas exchange
Arterial oxygen conlent
Systemic arterial
Pulmonary arterial
Arterial P,
Arterial P,

1.00 (0,99 1o 1.02)
0.98 (0.66 to 1.47)
1.07 {0.71 to 1.61)
1.93 (1.17 1o 3.17)
2.38 (1.45 to 3.88)
2011 (1.18 10 3.78)

0.93 (0.80 1o 1.08)
0.89 (0.75 1o 1.07)

0.87 (0.69 1o 1.10)

0.97 (0.94 o0 0.99)

1.006 (0.997 to 1.015)

1.99 (1.47 to 2.69)
1.16 (1.05 to 1.28)
0.94 (0.87 1o 1.01)
0,62 (0.46 to 0.82)

A
il

01 1o 1.04)

104 (1
1.01 {1.00 to 1.03)

1.02 (0.92 1o 1.12)
0,91 (0.84 1o 0.99)
0.9 (0.97 1o 1.00)
0.95 (0.90 to 1.00)

Oxygen consumption 1.00 (0,997 1o 1.001)

* NYHA = New York Heart Association; P, = partial pressure of
oxygen in arterial bood: P, = partial pressure of carbon dioxide in
arterial blood. .

these, 56 (35%) received single or multiple vasodilators;
73 (46%6) received vasodilators in combination with dig-
italis, diuretics, anticoagulants, or other drugs; and 31
(199%) received digitalis, diuretics, anticoagulants, oxy-
gen, or other drugs alone or in combination. A total of
21 (11%) Registry patients received no drug therapy on
hospital discharge.

We compared survival times for patients receiving
drug therapy at discharge with those of patients not
receiving such therapy. All persons surviving fewer
than B days after the baseline catheterization were ex-
cluded from the analysis because it was considered un-
likely that these patients would have survived hospital-
ization. Among those surviving at least 8 days after the
initial catheterization, the median survival time was 2.9
years (CI, 0.5 to 4.7 vears) for those not given drugs at
discharge and 3.8 years (CI, 2.2 to 4.9 years) for those
receiving drug therapy P = 0.2,

Length of survival after diagnosis was not influenced
by the altitude of the reporting centers. When patients
studied at high altitude (greater than 4000 feet) were
excluded and survival data for all demographic, medi-
cal-history, pulmonary function, and hemodynamic var-
iables were compared, no differences were apparent.
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» Figure 2. Median survival in months
for patients with primary pulmo-
nary hypertension compared with
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Multivariate Analysis

In the univariate analysis described previously, three
hemodynamic variables (mean right atrial pressure,
mean pulmonary artery pressure, and cardiac index)
and one pulmonary function variable (DL.,) were sig-
nificantly related to mortality.

In addition, NYHA functional class and presence of
Raynaud phenomenon were significantly related to mor-
tality. In the multivariate analysis, we examined the
independent effect on mortality of each independent
variable in the presence of others., The high degree of
intercorrelation among many of these variables (espe-
cially the hemodynamic variables), however, made it
impossible to examine all of them simultancously.
Therefore, we did three separate regressions, each in-
cluding four variables: presence of Raynaud phenome-
non, NYHA functional class (IV compared with 1, 11,
and IIl combined), and DL, along with one of the
hemodynamic variables. The results of this analysis are
summarized in Table 2. In each of these regressions,
odds ratios for the hemodynamic variables showed little
or no change from values shown in the univariate anal-
ysis, whereas odds ratios for functional class and
Raynaud phenomenon were substantially reduced to
levels that are not statistically significant. The odds
ratios for DL did not change substantially from those
obtained in the univariate analysis, but in two of the
regressions, the 95% Cls overlap unity.

Analysis of survival data considered the 13 patients
receiving heart-lung transplantation. For purposes of
statistical analysis, we placed these patients in the
group that died and later in the “withdrawn alive™
group. Patient placement did not affect significantly the
data on group mortality or survival time.

Based on estimates obtained from the proportional
hazards model, we obtained the following equation to

Mean cardiac
index

predict a patient’s chances of survival (where P (1)
indicates the patient's chances of survival and t = 1, 2,
or 3 years) after diagnosis:

P[t-} - iH{ﬂr{!.y.z}

Hit) = [0.88 — 0.14t + 0.01t%]
Alx,y,z) = @l0.007325% + 0.0526y — 0.3275z)

where y — mean pulmonary artery pressure

y = mean right atrial pressure
z = cardiac index

A patient having, for example, a mean pulmonary artery
pressure of 40 mm Hg, a mean right atrial pressure of
3.5 mm Hg, and a cardiac index of 3.3 L/min per m®
body surface area would have 1-, 2-, and 3-year survival
estimates as follows:

ﬁ{:d"-z] - E[ﬂ!.ﬂ]’?!\l‘ixﬂi + (D.0326HD.5) - ID.H-??EH?-.}I] = ().5468

H(1) = [0.88 — (0.14)1) + (0.01)(1%)] = 0.75
H(2) = [0.88 — (D.14)(2) + (0.01)(2%)] = 0.64
Hi3) = [0.88 — (0.14)(3) + (0.01)(3%)] = 0.55
and

P(l) = 0.75'"346% — (.85
P(3) = 0.55'"H% = .72

P(2) = 0.64'%%%% = (.78

Of the 184 patients for whom the formula could be
computed, 36 had l-year survival estimates below 0.5,
and 18 (50%) of these patients did not survive longer
than 1 year after the entry catheterization. The remain-
ing 148 patients had 1-year survival estimates above 0.5,
and 106 (71.6%) of these survived longer than | year.
Of 98 patients having 3-year survival estimates below
0.5, 73 (74.5%) did not survive longer than 3 years.
Also, of 66 patients having 3-year survival estimates
above 0.5, 45 (68.29%) survived for 3 years or more.
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Discussion

Previous reports of data from this large prospective
Registry have described the initial clinical characteris-
tics of its patients (17); the abnormalities of the lung
and heart from biopsy and autopsy material (23); and
the effects of various forms of vasodilator therapy on
primary pulmonary hypertension (24). This report de-
scribes survival and mortality in 194 patients with pri-
mary pulmonary hypertension that conformed to the
Registry’s definition.

The main conclusion of our study is that mortality in
primary pulmonary hypertension appears to correlate
best with indices of right ventricular hemodynamic
function. Of the hemodynamic variables recorded at
baseline cardiac catheterization, very high correlations
with mortality were obtained for three independent var-
iables: pulmonary arterial pressure, right atrial pressure,
and cardiac index. A regression equation was then de-
veloped to describe the relation between these three
hemodynamic variables and mortality.

This equation, although requiring additional validation
on independent data, has use as a potential adjunct in
planning treatment strategies and allocating scarce med-
ical resources. For example, a patient presenting with a
mean pulmonary artery pressure of 40 mm Hg, a mean
right atrial pressure of 3.5 mm Hg, and a cardiac index
of 3.3 L/imin per m* would have an estimated 85%
chance of surviving for at least | year from the time
these data were collected and a 72% chance of surviv-
ing for at least 3 years. A patient presenting with mean
pulmonary artery pressure of 80 mm Hg, a mean right
atrial pressure of 16 mm Hg, and a cardiac index of 1.3
L/min per m?, however, would have an estimated 46%
chance of surviving | vear and an estimated 20%
chance of surviving 3 years. Thus, this form of predic-
tion of survival probability has not only a numerical
value in years but also a definitive baseline (the cardiac
catheterization) from which survival is calculated.

Other investigators have used hemodynamic measure-
ments to predict survival. In one study (12), patients
with primary pulmonary hypertension who survived less
than 6 months from the time of cardiac catheterization
had significantly higher right atrial pressures, lower car-
diac and stroke volume indices, and higher systemic
and pulmonary vascular resistances than did the surviv-

ing group of patients. Regression analysis showed that
stroke volume index and mean right atrial pressure were
the best predictors of increased mortality (5, 9, 19, 20).
In addition to the hemodynamic variables already dis-
cussed, an elevated pulmonary arterial pressure (19, 20)
and low pulmonary systemic oxyhemoglobin saturations
{19) have been reporied to correlate with shortened
survival among patients with primary pulmonary hyper-
tension.

Survival from time of admission to the Registry was
also related to the NYHA functional class. Patients in
functional classes 1 and Il (combined because of the
paucity of class 1 patients) had a markedly better me-
dian survival rate than did patients in classes IIl and
IV: class III patients had a better median survival rate
than class [V patients. The median survival time among
patients in functional classes | and Il was nearly 6
years, compared with 2.5 years for patients in class 11
and 6 months for patients in class [V. Because a dete-
rioration in functional class is often a consequence of
deteriorating hemodynamic state, it is not surprising
that NYHA functional class was not strongly associated
with mortality in the presence of the hemodynamic var-
iables.

Except possibly for DL, pulmonary function assess-
ment and most historical and demographic variables were
not strong predictors of survival. A study by Rich and
colleagues (17) suggests that DL ¢, is a poor indicator of
the severity of primary pulmonary hypertension, pri-
marily due to the wide distribution of measurements in
DLgg and the common finding of normal values among
the Registry patients.

In our study, |6 patients (8.29%), 15 of whom were
women, reported symptoms of Raynaud phenomenon.
This prevalence rate is similar to the 6% reported in
subjects without primary pulmonary hypertension (21).
Monetheless, the presence of Raynaud phenomenon in
our patients was associated with reduced survival.

The Registry did not attempt to control the use of
pharmacologic, surgical, or other therapies. The choice
of management oplions was controlled entirely by the
clinical centers and the patients’ physicians. Although
certain therapeutic interventions may have influenced
survival and mortality, the design of the Registry did

Table 2. Multivariate Analysis Relating Survival Time to Selected Variables

Variable

Raynaud phenomenon (presence or absence)
NYHA functional class (IV compared with 1, I1, 11[}*
Mean right atrial pressure

Mean pulmonary arterial pressure

Cardiac output (indexed)

Diffusion capacity for carbon monoxide

Odds ratio (955 CI)

Regression 11 Regression 2% Regression 3§
.56 (0.81 10 3.03) 1.76 (0.91 10 3.39) 1.37 (0.66 1o 2.83)
69 (0.91 1o 3.13) 1.67 (0.91 10 3.05) 1.50 (0.79 to 2.83)
O7(1.03 to 1.10)

1.02 (1.01 to 1.03)
0.59 (0.42 1o 0.84)
0.99 (0.96 10 1.02) 0.96 (0.93 1o 1.00) 0.97 (0.94 to 1.00)

* NYHA = New York Heanl Association,

t Independent variables in regression | include Raynaud phenomenon, NYHA functional class, mean right atrial pressure, and diffusion capacity

for carbon monoxide,

1 Independent variables in regression 2 include Raynawd phenomenon, MYHA functional class, mean pulmonary arfery pressure, and diffusion

capacity for carbon monoxide,

§ Independent vaniables in regression 3 include Raynaud phenomenon, NYHA functional class, cardiac output (indexed), and diffusion capacity for

carbon monoxide,
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not permit valid assessment of the effects of these in-
terventions.

Mo deaths or sustained morbidity resulted from the
diagnostic procedures done during baseline assessment
(17). However, 28 of the 106 patients who died were
considered to have died of causes other than sudden
death or right ventricular failure. These included medi-
cations, surgery other than cardiac catheterization,
pneumonia, and cerebrovascular accidents.

The two commonest causes of death recorded by the
Registry were progressive right ventricular failure and
the sudden death syndrome, the former being the more
prevalent. No differences in clinical presentation or
baseline hemodynamic data were apparent between
these two groups.

In summary, the prognoses of patients with primary
pulmonary hypertension are largely determined by the
integrity of night ventricular function, which can be
evaluated using easily evaluable measures of right ven-
tricular function. Qur experience with the 194 patients
in the primary pulmonary hypertension Registry permit-
ted these hemodynamic variables to be correlated with
survival. The equation developed from the proportional
hazards model describes the role played by three of
these variables in characterizing mortality and, if vali-
dated by future studies, has potential use in planning
patient management strategies. We emphasize, how-
ever, that precise and reliable application to individual
patients must be complemented by more complete clin-
ical assessment.
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