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1. Introductory Summary

This protocol describes the essentisl aspects of the Patient Registry for
the Characterizecien of Primary Pulmonary Hypertension (PRCPEH), a
collaborative study of the natural history, pathogenesis, etioclogy and
cregtment of Primery Pulmonary Hypertension. This cbservational cohort study
will invelve the participstien of 37 Clinical Canters which will follow
approximately 300 patients over a pericd of 1 te 3 vears. Data on first
order relatives of patients will alsc be included in the Registcry.
Therapeutic interventions will be racorded and will be included in the
ana’ysis of the data obtained from this sctudy. A Manual of Operaticns and
Procedures will be developed which will specify in detail®the ocperaticns and

procedures neaded for the conduct of this study.
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2. Background

Primary Pulmonary Hyperzension (PPH) is a term currently used te define
the presence of pulmonary hypertension of unexplained stiology. Although the

disease entity¥ was recognized in the early 1900°s (1)

1, it was only since 1951
that Uresdale coined the term primary pulmonary hypertension [(2) which is

used today.

In ¢rder to make the diagnosis of primary pulmonary hypertension, positive
and negative clinical criceris must be met. There must be clinical evidance
of pulmomary hypertensicn, usually supported by the physical examination,
chest x-ray, 2nd electrocardiogram, but documented by an slevarion of
pulmonery artery pressure on cardiac catheterization. Egually important is
the exclusion of any other recognizable canse for cthe pulmonary hypertension.
The diseases most often excluded are chromic gbstructive pulmonary disease
[COPFD), congenital heart disease, mitral stencsis, left ventriecular
dysfunction, and recurrent pulmonary emboli. Some investigators who have
been very aggressive in the evaluarion of patients with susﬁuctcd FPH have

been able to detect occult dissases that are then presumed to be the cause of

the pulmonary hypartension [3).

e

Thus, clinical diagnosis of primary pulmonary hypertension, being a
diggnosis of exclusion, is only as reliable @z the extent to which secondary
caduses for pulmonary hypertension have been ruled cut. Unfortunately, the
literature contdins several studiss on patients with a presumed disgnosis of

PPH in which the c¢riteria for the diagnosis are not given.
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Thers have been attempts to define PPH by the histologic changes scen in
the pulmonary vasculature on biopsy. In 1973, the World Heslth Organization
agreed on three histologic patterns consistent with Clinical PPH (4): namely,
plexogenic pulmonery artericpathy, rescurrent pulmenary thromboembelism, and

pulmonary venoccclusive disease.

Plexogenic pulmonary srtericpathy is a term used to describe the changes
manifest by concentric intimal fibresis, necrotizing artericis, and plexifomm
legions. Plexiform lesions, although felt co be specific for vasoconstrictive
Primdry pulmonary hypertension, have now been shown to be presant in pulmonary

hypertension from diverse causes (3).

Recurrent pulmonary thromboembolism is the second category of histologic

parterns felt co be compatible with che clinical disgnosis of PPH. This
subgroup 4applies to patients who had multiple recurrent microembolizacion to
their lungs which were clinically silent except for the cumilative effect in
producing pulmonary hypertension. Microscopic examination of the pulmonarcy
vasculature in these patisncts reveals microembolization te be the predominant
patterni. Evidence for scme degree of thromboembolization, however, is found

in most patients dying of pulmonary hypertension (6,7).

Fulmonary veng-occlusive disease, a very uncommon entity ususlly affecting
children, is the third category of histologic patterns felt te be compatible
with clinical PPH. This dissase is distinctive histologically by the changes
which are predominantly seen in the pulmenary veins and venulas ]
Uecasionally this diagnesis can be made antemortem by noting an elevated

pulmonary angicgraphic pattern (9).
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Thus, it currently zppears that there is no distinetive histological
pattern that allows separatiom of primary pulmonary hypertension from other
diseases that can secondarily produce oulmonary hypertension as well. As with

the c¢linical diagnosis of PPH, the pathelogic diagrnosis of PPH becomes one of

exelusion as well,

The wvariety of clinical presentations of PPH, as wall as the different
kistologic changes noted now raises the gquestion 45 to whecher PPH i3 a single
dizease entity or 4 heterogeneous group of diseases wizh a common
manifestation. Open lung biopsies on these patients have occasionally
uncovered an unsuspected disesse process (1), Unfortunately, since cpen lung
bicpsies have not beer routinely performed on cthese patiénts, there is no way

of knowing what diseases have been included in our current definitions of PFH.

. S
WU- urd g
UL R AT
2.1 Epidemioclogy lfk{k ;f’hfmi

Although there are less than 1000 reported cases of PPH in the literature,
thers do appear to be =some recognizable patterns in the appearance of tha
illness. The overall incidence  in the general population is unknewn but the
disease is found. at autopsy in approximately 1% of all patients having
capulmonale (10). There appears to be a bimodal distribution ameng patients
with PPH regarding =ge of onset characterized by an early peak in infancy with
malas and femalas equally affacted (11), and ancther peak in the third and
fourth decades with a female toc male predominance of zpproximately 4:1. No
predilection towards any specific race has been described. Geographical areas

with high incidences have also not been found and, with the exception of the

e
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incredsad incidemce in Europe following the imtroduction of the drug aminoresx
(discussed below), no particular envircomental exposure has been asscciataed

with PPH.

Famillal aggreracien has been wWell documented with affected cwins,
siblings, and offspring being reported (12-14%. The exact mode of inperitance
ras not been clearly defined, as no mention of testing for the dizease in
familiez is repcrted in most series. Therefcre the role of zenetic

cransmission of the illness remain=s ta ba studiad, -

-2 MNetural History v =

The natural history of PPH remains undefined. Thers dppedrs to be two
types of affected pacients; one group Whose clincical course declines rapidly
from the time of diagnesis, with an averéée survival of 2-3 vears, and a
second group that maintains an indolent course with the level of pulmonary
hypertension snd clinical symptoms remaining constant for 13-20 years (15}.
Follow-up on most series of reported cases iz limited howewver, and the true

natural history of the disease(s) needs clarification. If the two sub-groups

menticned are in fact a reality, then it would be important cg look for any

——— e L

features that would enable investigators to distinguish into which sub-group a

particular patiemt falls.

We have conscructed a life teble below based on &1 cases of PPH callected

by Voelkel and Heewes [(6B]:
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Years after Number alive  Number dying Estimated Life Table

onset at beginning in interval probability of surviving
of interwval from onset to and
interval
[x) 1 d o
X x -
0=1 L] 10 VA2
1-5 31 15 13
3=10 15 4 08
10=-15 2 ] .05
15=20 & 4 Q0

This specific data indicates that leng texm survival is poor; medign |

e

1
survival is approximately 3.4 vears; only 13% survived 3 or more years. |

Spontaneous regression of the disease has also been reported (18], but

¥ . R
dppedrs to be extremely rare. Long term survival has not been correlated to |

the level of pulmonary hypertension at the time of diagnosis, but rather to |
s

the cardiac index {17). A recent recrogpective study has also suggescted
improved survivel wich anticoagulant therapy and the presence of a4 right-to-

left shunt wvia 2 patent foramen ovale (138}
2.2 EIticlogy

No known etiologic factor hes been consiscently incriminated in PPH,
Several associated diseases have lad, however, tc the possibilicy that some

definable causative factors exist. The association of pulmonary hypertension

with advanced liver disease is well astablished (19) and raises the gquesticn

— = = —

e —

&
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45 tTo whether vascactive compounds that may bypass liver degradation in chesa
pATtients can stimulate the pulmonsry vasculature. Congenitsl heart disease
associated with left-to-right shunts often produce pulmonary hypertension,
believed tTo be related to the increased pulmonary blecod flow and pressures
transmitted to the pulmeopnary Sircuir (200, Severs piulmonary hypertension is
usually confined cto post-tricuspid level shunts, with pulmonary hypertension
being uncommon from shunts 8t the pre-tricuspid level (i.e. snomalous
pulmonary vensus drainiog) {21%. 0On cccesion, however, patients with atrial
septal defects have been known to develop progreszive, perzistent pulmomazy
bypertensicn following the closure of the shunt (21). As increased pulmonary
9lood flow has been shown to stimulate hypertrophy of pulmonary vascular
smeoth muscle, (22Y, the question is raised az to whether incredsed pulmonary

blood flow can trigger pulmonary hypertension.

There iz alse dan association of pulmonary hypertenzicn with the collagen
vascular diseases. This is often seen in patiencs with minimal clinical
manifestations of the collagen wascular diseases (23-Z8%. WVasculicis has been
the presumed reason these pacients develop pulmonary hypertension, but good
pathologic correlations are lacking. Almost all of the collagen wascular
disesgses, [.e_., SLE, sclercoderma, cheumatoid archeicis, mixed connective
tissue diseasze, etc., have been zssociated with pulmonzry hvpertension in some

DATCients,

Vasospasm has also been implicated as a possible causative factor in PPH,

due to frequent association with Raynsud's phenemena (27). Associations with

ey
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other vasospastic type disorders, such as migraine or varisnt angins have not

been made,

Hecurrent tThromboembolism, be3ides being implicated as a separate cause of
primary pulmonery hvpertension, has zlso been sssociated with plexogenic
pulmonary arteriopathy (11}:. Diffuse microembolism has been felt to cause
pulmonary hypartensicn by physically reducing the cross-sectional area of the
pulmonsry bed [(28). Eecent iavestizatiosns seem To suggest that
vasoconstriction alse occurs from pulmenary embolism oy the liberaticn of
prostdglandin-like substances from platelets and surrcunding wessels (29). A3

czome degres of thromboembolism or thrombus in situ 43 3een ip Wmost patients
dyving from PPH, (5,7) the guestion is now raised as to whether this phanomenon

is obligatory for the development of chronic pulmonary hypertension.

Although drug intake or diet was net recognized initcially as having any
influence on the development of PPH, an epidemic of PPH appeared in
Switzerland, Austria and West Germany duzing the period 1967-70, following tha
marketing of the appetite suppressant drug, aminorex fumarate {30). The risk
of developing PPH in patients taking this drug was about 2 percent, and
appeared dose related (31,33). In addition, reports of regression of the
diseasa have been noted in a few patients in whem the drug was discontinued
{34). The drug aminorex is chemically related to epinephrine and amphetamine,
and again raises the possibility that vascactive compounds may play a rele in
the etiology of PPH. There are, however, some inconsistencies in the

implication of aminorex as the cdusative dgeat in these people. Iovestigdbors
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have been unable to produce pulmonary hypertensicm in any experimental animal

fed aminorax in efforts to verify a cause and effect relatiomship.

-,

-

2.4 Pathogenesis ' o -

The pathogenesis of PPH is unknown and will probably remain so

until it is clarified as to whether the disesase is or is not a single smcicy.
=

The most often proposed mechanism for the illness has been primarcy
vasoconstriction, as originally suggested by Wood (35). This theory is basad
on the appearance of marked medical hypertrophy of the pulmeonary arterioles
sean on biopsy of the lungs, which is felt to represent active
vagoconstriction. This mechanism would be consistent with the assocciations
made with patients who have pulmonary hypertension from suspected etiologic
causzes 45 closure of a left-to-right cardiac shunt, advanced liver dissase
where vascactive compounds can bypass the liver and affect the pulmonary
circulation, suspected liberation of wasoconstrictive substances from
platalets during thromboembolism, and the ingestion of the amphetamine-like
grugs such a3 aminorax., Because of the lack of a specific pulmonary
vasodilator agent, this theory has been neither confirmed nor refuted with

currant datca.

Autoimmune phenomena have also been invoked 4% a possible mechanism for
PPH (36). The frequent appearance of a necrotizing arteritis on biocpsy would
support this theory, and would be consisceant wicth tha clinical associations
made Wwith the collagen vascular disorders, and possibly even with the familial

patterns of inheritance occasionally observed., Although a limited clinical
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trial on cthe use of the stercids and immuran failed to achieve therapeutic
results in patients (37), this theory still remains untestad.

Recent thromboembolism has also been proposed as one mechanism explaining
PPH (38) slthough it is unclear whether the appearance of clots in the
pulmenary circulation represents miliary embolization of chrombosis in situ.
Host pathologists believe chat chromboembolism zlone could not account for the
diffuse vascular changes that ocecur in FPH, but it remains possible that some
element of thromboembolism is a necessary component of the disease process.
Reports of improved lemgevity in patients receiving anticoagulants weuld lend

support of thiz theory [(LB).

.3 Clinica) Features

%

For the most part, the elevarion of pulmonary artery pressure :, . -.

par S5eé

produces no symptoms, as parallelled by pacients with systemic

aypertension, and is one reascn why patients seem to present clinically with
leng standing pulmonary hypertension before recognizable clinical features
develop. The clinical features that account for most of the patients'
symprtoms dre usually either secondary to the increased pulmenary vascular
rasistance that limits pulmonary bleood flew and chus causes svmptoms of low
cardiac outpuc, (e.g., sSyncope, fatigue), or seccndary co right heart failure
fzom chroni< pressure overload causing venous congestion. There are no
clinical features that have as yet been identifiad that are specific for
primary pulmonary hypertension. The major reason that early decection of FPH

hdas not been forthecoming has been che lack of 2 non-invasive means of

= 1|:|_
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measuring pulmonary artery pressure. Laboratory tests are cften supportive of
the diagnosis, but no knowledge exists about sensitivity Y specificity of
changes in ECG, chest x-ray, echocardiography or nuclear angiography with

regdard to FPH., Exercise tolerance tests have also not been studied as to

their ability o ideatify patients dccordinag to o severity of che dissasze; or

indicere long cerm prognosis. Lung scanning is - also a vealuable test, which =

|—

not only will identify patients with pulmonary emboli, but alsoc wi
information about changes in the distribution of the pulmonary circulation
over time in affected patients. Again; no dara on the disgnestic sensitivicy

and specificity of cthis technigue are aveilable. I T

2.6 Therapy ey I
One of the main areas of controversy and confusion regarding PPM is what

rale, if any,; does medical therapy hawe in alteriaz the natural

hiszory of che diseases. The natural hiscory of the illness has not been

Hi

clearly defined, meinly because of the scarcity of the illness. For this
reason, <onatrolled studies to evaluate drug therspy will be very difficulf.

Currently, our knowledge sbout che influence of drugs in thesze patients comes

ma3Tly from isslated case reperts or small series wich limired follew-up.

Medical therapy for PFH has two basic approdches in the hope of improving
long term survival: oprophylacric anticoagulation, and wvasodilator therapy te

reverse symptoms. and che amount of pulmonary hyperiensicn.

-
=4

anticeazulant theraoy

alchough the use of anticoagulants has been long recocomended to

_1:.-

Yigiwe
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Lredt patients with PPH, regression of the disedase in these patiencs has newver
been demonstrated to occur from anticodgulant therapy (39). Because the
illness may have a prolonged and protracted course it is often difficult to
asgess if the disease process can be halted. The presence of some degree of
thrompoembolism in the pulmonary vasculature of 2 majoricy of patiencs dving
from PPH has been used as the empirical rationale for therapy. Most
investigators reserve The use of anticoagulants for patients with either
suspected clinical thromboembolism, or with wvenous cengestion from right heart
failure where the incidence of deep vein chrombosis becomes increased (&0},
For obviouws reasons, a small pulmonary embolism which might have no ill effect
on 4 normal patient can have catastrophic consequences in 4 patient with PPH.
One recant retrospective study done of the survival of patients wich PPH

suggested that prophylatic anticsagulation might have some benefit (137,

2.8 Vasodilateor therapy

The recent advances in vasodilatvor therapy in the treatment of
essencial hypertensicn has stimulated renewed interest in the use of these
agents in patients with PPH. Faverable responses to vasodilacer drugs have
been ceported zimce 15954 (&l): however most 2re are dcute studies in izolaced
patients. Fince the number of published raports on the use of vascdilator
drugs in patients wich PPH iz few, one hes to beliewve that favorable resulcs
from drug challenges are exceptionally uncommon., We have recently reviewad
the literature regarding z2ll published reports on the use of vasodilator

agents in patientcs with PPH (41), and abstracted the daca from those studies

_12_
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chat provided, as a minimum, measurements on the acute or short cerm effects
of the drugs on the cardise output, pulmonary artery pressure, znd pulacnary
and systemic vascular resistances, both at control and after thersapy. Since

lizhed paperz, which describe the

o

18351, there have been-only 13 soch pu
¥ ¥

ects of 7 diffarent drugs on 33 di

=l

i
i

L& 1]
iy

erent patients (37, 41, 43=33%. Eight
of these were case reports, and one dealt with only two patients. Host
studies dealt with the effects of one drug on one or more patients. Twe
studies dealt with the effects of two drugs on a single patient. Thus, there
exists hemodynamic information abour che resulcs of 35 drug challenges in 33
pdtients with PPH ia che ciurrent literature, .and this information has basn

compiled in Table 2.1. The moest often tested agents have been diazeoxide and

isoproterencl,

The conclusions made in the licarature about the benefits of these drugs

ere often confusing. GSuccessful therapy has been stated to be manifast by a

reduction in the pulmonary artery pressure (33). This occurred in only 21 of -«

ne

E

I
Che 25 trials included din Table 2.1, and the mean reduction of 3.01 mm Hg in &~

pulmonary artery pressurs was not significancly different from zero {p=.10)

LN

/
i
| e
L

More recently, however investigators have used a fall in che calculated

pulmonsry vasecular resistance as an indicscion of beneficial drug cherapy
L - e o

(&4 46,47 ,51). EBesides the theorescical the::icﬁﬁ.agaiﬁst using the pulmonary
vasculer resistance A5 a parameter for therapy (331, there are reports where
the patients' pulm?narqugg_qy pressure was increased with drug therapy, ryet
the investigator concluded the drug was beneficial becsuse the pulmonary

F

rasi=tance fall (45,477,

_13_
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Tugs on patients with PPH as reported

[

We reviewed the affectz of these
ana found some heretofore unrecognized drug effects. First, zll of the
vasodilator drugs caused the cardiac output to increase in all patients
studied, regardless of the severity of the underlving pulmonary hypertension,
with 4 mean increase of 1.96 liters/minute. Secondly, the pulmonary vascular
resistance, and the systemic vascular resistance were reduced in every casa as
well. When we locked at the relative effects of these drugs on the svstemic
and pulmonary circulations, wa found that, in appreoximately 70% of the cases
in Tabla 2.1., the systemic vascular resistdance was reduced to a greater
degree Than the pulmonary wvascular resistance. However, in every case That
the pulmonary vascular resistance was reduced more than the systemic wascular

.
cesistance, thea pulmonary arcery oressure was lowered as well, whereas it was
lewered in only 33% of the cases in which the systemic wveascular resistance was
reduced more than the pulmenary vascular resistance (p < .002). The
implications appear to bhe chat in most cases, vescdilator drugs work
pradominently on the svstemic circulation, and that the calculated incresasas
in pulmonary blood flow and reduccions in pulmonary resistance that resulc are
consequential. Howewver, in selected cases, these agents appear to have a pre-
deminant effect on the pulmonary c¢ireulacion which is not cnly manifest by a
reduced pulmenary resistance, but by a fall in pulmonary artery pressure as

well.



NEHODYHAMIGC EFFECTS OF YASODLLATOR DRUGS IH PATIENTS ._.“_—._.._._ PRIMARY FULMOHARY HYPERTEHSTON A5 REPORTED 1IN THE LITERATURE

Pat Lend INasa

Cardiac outpuk

ppvienlaee ¢ CL/min}
before alter
v Infusion)
1 0,59 mefmin h.7 Seig
2 4.25 upfmin 7 1.87%
3 3 oupSmin 4,19 5,005
MLAZOLINE €0.ow. )
3 75 mg 3,46 418
i 25 mg o T 3.85
o 3.5%3 S
h fr, 7 g.0
7 50 my 1.71 5, 98"
[EOPROTERENDL (4.v. infusion)
B I ugfmin 3.1 R
g 3 pplmin 1.6 il
110 2 vpfmin ot 5 [
11 1 wpfmin 3.0 |
17 I wgfmin 7.7 1.4
1% 1 g Smln 3.2 5.0

14 2 ugSmin 7.1 3.2

Meamn .ﬁ..u.._.n..__...u._n._mﬂ presgure

[mmllg)
before after
122 130
(K1Y a6
[ fafs
77 iEH
05 23
102 14k
104 o
85 £l
B3 82
G0 92

11R
Ba B
an 82
B2 72
29 118

Hean ru Imonar ¥ pPressura

Lmmilg )
belore after
T4 15
19 {1
N2 bt
8z a0
qB a5
§7 L6
5 3
T2 7l
b S
56 i
L1 1110
A0 45
B RO
i A5
57 biTH

T fFall in
___.:5:_::.__,
resistance

NTN.__.E
S¥SLaemin
resistance

4 hil
13 o
15 k1
2l 22
31 5

37 41
14 34
28 29
Y b7
28 24
] 12
22 11
30 23
4% 113
Py 5



Table 2 (conk'd)

Al | r Nasn Cardiac output Mean systemic pressure Hean pulmonacy pressure % [all in e Tall in
b v (LSmlnd (mete) {mmilz ) syatemlc pulmonarcy
hefore after hefore aflber hefore altber resistance resistance

YORALAZIHE {oral)

15 50 mp 3.5 H.6 115 110 78 47 67 76
16 50 mg X3 i) 110 102 56 14 63 3
17 50 mg ) 8.8 110 1110 h& 75 fifi an

S0 mp 3.h 5.0 76 L ] G 14 37

[AZETIDE (1 .w, )

Lo 300 g T | 5.0 B2 71 73 2 1] L
0 200 mp .0 h.5 107 26 | i3 49 23
1 3000 mg Aiant T 110 L 73 (¥t 1 )
22 S0 mg 2.2 4.9 1 A3 G4 a6 Gh fé
21 S0 mp i 3.1 123 71 0 M) Fil ank
24 AR mp h.2 T4 By it 05 5 57 SR
25 &80 .4 7.5 %) 5] 52 35 A1 18
2h GO my 5 A A i Hi B fd 27
7 B0 me 2.5 5.5 A& L 1] LW b 53
78 515 2.4 Q.8 97 67 71 67 68 54
1 515 mp 1.3 5.3 113 83 76 £l 53 48
il 915 my 2.8 4,9 B T2 13 4 an 34
1] 515 mp 7.8 1.8 83 . a7 6 a9 21 0

1 ann mpe 2.0 1.1 L 70 S 5F 41 16



Tabkle 2.1 (cant'd)

Pat{emnt Ihorse Cardiac oulpuat Mean syatemlec pressure Mean pulmonary pressure % fall 4An % Fall in
pimber (L/min) { menflp [mmtig ) systemic pulmonarcy
hefore after hefore after before after reslstance resistanc

FERITIHE {sublingual)

32 20 mg 2.23 5.1h 73 70 3 58 35 60
IENTOLAMINE (1.v.)
33 5 mg 0.7 B0 Lon 9A 45 35 14 11
R 1. &2 5.4H 0.3 f4 R T | Hh,13 40, R 37.8
t 5E .20 0.%h 2. B4 3.00 .16 320 3.01 3.27
P < 0, D001 < (), (H T M3 = (. 0001 < 0, 0001
refers to cases where cardiac fodex was glven dnstead of carvdiac output. The values of these two cases, were excluded from the

sbatistical analyses.




OBJECTIVES

)

1, Nkjeccives

The purposs of this cooperative 2tudy iz to establizh a patient registry
to obtain snd evaluate data on the agatural history, eciclogy, pathogenesis and

treatment of primary pulmonary hypertensicon. From chis organized effort,

i

resh insights may be geined into its eciclogy and pathogenesis, new
strategies may evolve for its early detection and rational therapeutic
medsires mdy be developed. The analysis of the results will provide
guidelines for physicians dealing with these patients. Owerall, lessons from
the primery pulmonary hypertensicn case registry will prove meaningful for the

management of more common types of pulmonary hypertensicn admitting definice

eciclogies.

Zome specific aims have already been identified and are listed below:

1. Characterize the distribugion at time of diagnosis of parients having
primary pulmonary hypertension dccording to the following wvariables:

8. Demographic wariables such as age, sex, race, residence
history, etc.

b. Fast medical history including dietary history and exposures
to drugs as well as to other envirommental exposures.

. Family histery of pulmenary hypercensicn end sssociated
disorders.

d. Physiczl and laborateocry Einulugﬁ at the baszseline medical
exdmination including symptoms.

. Hemodynamic findings atr the baseline catheterization including
responses to drug challenges.

f. Pacholegical findings from the baseline lung biopsy.

3. Examine interrelationships among the variables specified above
with special emphasis on determination of relationships between
rasponses to drug.challenges and the demographic, physicsl,

_].E_
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laboratory, pathologizczl and hemodynamic variables measurad at
oaseline.

Characterize the distribution of duraticn of survival from inizial
diagnosis and examine the effacts on duration of survival of the
following wvariables:

4., Demographic wvariables, past medical history, dietary history,
exXposuras to drugs, and other environmental exposuras 4s
medsured at the baseline wvisic.

b. Changes from the baseline wvisit in the physical, laboratory,
hemodynamic and pathological variables.

c. HMedical interwventions from time of iaitial dizgnosis.

Charactearize the distribution of changes from the basaline wisit
in physical, hemodynamic, laboratory =nd pathological variables

and identify cerrelates of these changes.

Increase knowledge concerning the eticlogy of primary pulmonaxy

nypertensicn.

_:E_
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STUDY DESIGN

4, Erudy Desigm

4,1 General Jverview of the Study Design

a registry will be developed consisting of perients having primary
pulmonary hypertensicon diggnosed or treated:-at 37 participating clinmical
centers. Although all patients currently being followed by the clinical
canters would be eligible for entry intoc the regiztry, the study will foous

DO nel Cases,

A new case is defined as any case seen at a participating center for the
first time during the.study pericd [F/1/81 te 6/30/55) and diagnozed at tha
center &3 having primary pulmeonary hypertension,. This diagnosis would be on
the basis of a right heart cathecerizaticn and possibly other diagnostic tests
fe.z., lung biopszy), All ‘other cases 2till being actively £ollowed by che
elinieal investigarer are eligible for inclusion in the registry as well.
These cases are termed current cases. The [CC will regquest follsw-=up
information on all patients in the registry et regular six-month incervals

after the baseline exsmination. These reqguestz will alss focus on new cases.

Data from patients in the study group will be recorded on standardized
forms at the participating clinical centars and sent to the Data and
Ceordinacing Center at tha Universicy of Illinois. Here it will be entered on

= computerized data Sase. The study pathologisc, (il 1] perform

h

analvsis on lung biopsy and necropsy material. The results of the
pathological snalyses will be forwarded to the University of [llinois and

enterad onto the data basa.

_21:-_
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Dara management and statistical znalyses will be performed at the Data and
Coordinating Centar. Findings will! be discussed atr quarterly meetings of the
Sceering CommittTee and at an Annual Meeting. This Meeting will include a1l
principal investigetors from the parsicipating clinical centers as well as
Gteering Committes members and staff from the MNHLEI program office and from

the Data and Coordinating Center.

It should be emphasized that this is & registry recher than a clinical

trial. The mansgement of patients including drug therapies will ‘be in
cenformance with the wsual practice of the elinical centers. Altheugh the
Sceering Committes may from time to time propose some procedures for patient
management or didgnostic testing, the participating centers are fres to accapt
or reject such proposals. Psarticipation in che ragistry does, moreover,
entdil 4 committment on the part of the clinical centers to submitc data on
each patient entered in the registzy to the Coordinating Center at. regualar

intarvals and to interact with the Cocordinating Center on the maintenance of

the data on these patients.

5.2 Definiticon of Primary Pulmonary Hypertension

a5 discussed earlier, primary pulmonary hypertension remains a disgnosis

of exclusion., Io order to make the didgnosis: as accurately 2s possible,

attempts should bDe made to exclude any secondary cause for the pulmonsry

hypertension. Since the possibility exists that a patient with primary
L]

pulmonary hypertension could also have some coexisting heart or lung disease,

the ph¥sician should decide if the coexisting disease could, in and of itsalf),

_2]__
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account for the pulmondry hypertension. If net, that patient should be
included as a patient with primary pulmonary hypartenszion. In addition, every
patient should have pulmonary hypertension documented by hemodynamic
measurement [(defined as & pulmonary artery pressure greater than 23mm Hg at
cest Oorf gredter thanm 30 pm Hg with exercise, and 2 resting pulmonary artery

wedge pressura or left arterial pressure not greater than 12 mm Hg).

The following conditions should be excludad as a pessikble clinical cause
of the pulmonary hypertensicon:

a. Blmonary hypertension wichin the first year of life, and

Chy
congenitdl abnormalities of the lumgs, thorax [(such as
sooliosis) and diaphragm.

b. Congenital or acguired cardiac disease.

¢, Demonstrable pulmonary embolic disease (by lung scan and/or
pulmonary dngiography).

d. Pulmonary sirways disease

g, Intarstitial lung disease.

1

Hypoxic pulmonary hypertenzicn dsscciated with impaired
ventilaecicon (either central or peripherall.

£. Cellagen vascular disease causing significant pulmonary
parenchymal,, dirways, or hyvpoxemic lunz diseasa.

h. Parasitic diszease [such as schistosomizsis or filariasis).
1. Peripheral pulmonary artery stemosis.,
j. FPulmonary venous bypertension.

k. Multiple pulmonary artery thrombosis (secondary to sickle cell
disease]).
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Several defined subsets of patiencs who have both pulmomary hypertension
and an "associated" condition should be reperted. These include:
a. Hepatic cirrhosis.
. Collagen vascular disease (pot felt to be significant enough
to account for the pulmonarzy hvpertension on the besisz of
Fulmonary parenchymdl diasease, pulmonary airwsys disease, or
hypoxemic lung dissase.)

¢. FRaynaud's disease.
d. FPulmonary hypertensicn pessibly related to diet or drug
1NZestion.

some patiencs will have an open: lung bicpsy as part of cheir inizial
evaluacion of pulmonary hypertensicn. All patients who meat tha clinical
criteria for primary pulmonary hypertension should be entered and continously
followed in the study, even if the pathelogic findings eon lung biopsy suggest
an aticlegy other than those felr to be consistent with primary pulmonary

nYperTens Lo,

L£.3 Dasa Collection Instcruments and Collection Procedures

There are three datra forms that have been developed for chis
study. Form I is the baseline reporting form; Form II is the follow-up
reporting form; Form III is the cau=ze of death report form. Detailed
iNsTrustions on the procedures co be used boch in performing che examinations
and testing, and in complacing the forms are given in the Manual of Operations
and Procedures (MOOP) which will be distribuced to all the clinical centers.
We urgze all of che invescigators at each clinical cepter who will be involwved

in this project to read cthis manual carefully before completing the raporting

forms.
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4.3 1 Besseline Evaluacion

Enraellment of Partient dinco the Scudy Grous

Both new and current cases of patients with PPH will be entered into

the study. It must be scressed chat data collection for new cases should take

the Data =nd Coordinacing

[ F]
=
B
o
f—at
]
H
=
o

precedence ovar that of current cases.
Center (DCC) staff will focus efforts on new over old, but in no senss should
this be interprected as a discouragement to invescigators who wish to provide

informdtion on CUrTent <4ases.

A new cdsa is defined as & patient wha is, for the first time, seen by the
investigator and enterad intoc the study. The patient may have no previons
znown diagnosis of pulmonary hypertension from a referring physician. The
initial reporting forms have sections covering the patient's history, physical
axam, and laboratory data that should be filled out by che investigaTtor based
on ‘datd acquired by him. (in other words, all data regarding these patients

will De prospective in nature). Data acquired by a referring physician

previously may be submitred on & separate form and should be noted a2s such.

4 current case is daefined as a patient with known primary pulmonary

hypertension whom the investigator has been following prier to the onset of
the registry (July 1, 1981). Al) prospective data acquired on these patients
should be reported on the follew-up forms. Data acquired by the invescigator
prior to the onsat of the registry may be reported on a separate form, and

should be noted as sueh,
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The beseline reporting forms will have sacticns for the antry of data
cased on the history, physical exam, and laboratory data. Aoy iavestigator
may routinely perform other tescts nov included on the data forms, or oay
choose not to perform certain tests provided for in the forms. The
investigator should feel free to decide independently how to evaluate any
given patient. The following suggested evaluation is based on what is

believed by che ZCeering Commities ©o represent 4n accurats, thorough, and

useful evaluation. It should be appreciated that witheut some uniformicy of

evdaluation of these patients in the registry

i

T will be extcremelv difficulit tTo

draw anv concluzicns about the similarity of or about differences between

patients entered into the cegistrv.

The following information is collected om the-patient's baseline
evaluation form:

1. Idemtifving data.

2. Peesent madical hiszory.

3. Past medicel histeory.

4, Family history:
Besults of screening of the immediate family for possible
pulmeonary hypertension.

5. Physical examination.

=35
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6. Laboracory Testing:

Includes chest x-ray, electrocardiogram, CEC, prothrombin
time and sedimentation rate, full respiratory funccion
tests, ANA citer, pulmonary ventilatiom/perfusion
scanning, treadmill exercise testing, M-mode snd 2-D
echocardicgrams, and open lung bicopsw. Patients with
suspected hepatic cirrhosis should have the appreprizte
documentaticn included in the fection provided, as sheould
patients wich associated collagen vascular disease and
possible diert or drug related pulmonary hypertension.

T.. Etiology:
Ineludes informatiocn on defined subsercs,

&. Hemodynamic data obtained from right heart cathecerization:
Include any information obtained with exercise testing and
drig intervention.

4.3.2 Follow-up of Patients in Scudy CGroup

It is suggested that follew-up visics between the patients and
investigator be scheduled at least at six month intervals, so that mesningful
data may be accrued about the course of the illpess in these patients.

T"\-\,E

DCC will provide reminders that & six month follow=-up should ocecur (only if no
other information has been provided during the time since bDaseline or last

follow-upl. 1

The invescigacor may choose To sea patients At an edrlier date, or may be
unable to follow-up some patiencs because chey live too far away. All
informacion gachered at the follow-up wisits should be recorded in the
dppropridte section of the follow-up fcrms. Each individeal investigator iz
free to choose che manner in which patients should be evaluated or followed,
but it should be kept in mind chat only by obreining serial tests in these

patients, even if the patients are unchanged im their clinical course, will it

-315=
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be possible to draw conclusions sbut the value of any tyoe of testing in
patients with primary pulmonary hypertension. Data obtained on patients
entered into Che registry from sources other than the clinical centers can be
submitted, but should be done so on 2 separzce form and ;ndl;:zad s such.

The following evaluation has been sugsestad by the Steering Commictes as

gprrenriate for the follow=-up of these patiants:

j—id

History since the previous wisit.

2. Phovsical examination.

3. Laboratorvy cesting:

Includes chest x-rav, electrocardiegram, CEC, respiratory
function tests with arcterial blood gases, pulmonary
ventilacion/perfusion scan, cresdmill exercise testing, M-
mode and Z-0 echocardiograms.

L. Hemodynamic datg cbrgined frem right heart catheterization:
Include informacion obtained with exercisze and drug
inTerventiomn.

5. Familv history.

£.3,3 Death Information

Information on causes of death as well as any c¢linical information
available before death will be obtained for each patient in che study group
who dies during the course of the study. Rafer to the discussion of follow-up

date eollection abowve,

£,3.4 Hecommended Time Schedule for Daca Submissico

In crder to maintain the integrity of the dara base with respect tc proper

ion of baseline and follow-up data and to minimize the afforts of

ia
—
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investigators in data collection and transmission, we propose the followin

guidelines. Tha baseline data collection pericd will be considered as

terminating two (2) weeks from the date of the catheterization on which che
dizgnosis is based. It is left to the discretion of che investcigerTors as to
which diagnostic and therapeutic proceduras will be performed during that
nericd. Although this guidaeline iz notr meant te be inflexible in the facs of

1
-

axtenuating circumstancas which are bound to arise, it is hoped that it wi
=4 I

pe followed in most cases, since 3 narrow collection period will reduce

¥

varizbilicy arising from lack of uniformicy in collection periods.

The follew-up daca cellection period begins two weeks from che date of
diagnosis and terminetes six (8) months from rhat same date. The
investigators are encouraged to collecc and submit data at leasc every six
months, and more if thevy so desire. The intenticn here is that the
investigator may be able to perform as ma&ny Tests as is desired during the
patient’'s follow-up wisits. This system allows invastigators the flexipility
te schedule Tests at cheir convenience and at che convenience of their
natients over 4 longer period of time. It was felt by the Stesring Commictas
that this flexibilicty is important and outweighs the problems asscciated with

not having 211 procedures performed at a8 fixed poiat’ in time.

_25_
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3. Paxzhelosy Specimens, Examinacion and Data Recording

A s¥stem for apalysis of pacholegy specimens (including lung bicpsy, stored
plazma, dnd other tissue which may have subgequent usefulness) taken Irom

patients entered inte the Hegistry will be established as part of this study.

Fachology specimens submitted by the clinical centers will ke ceceived by
the Hegistry Pathologizt for complete evaluation., This evaluation procedure
includes two major compeonents. One is study by light miscroscopy and
provision of decailed, written, systematic description with citing of eritical
findings by "Kev Word" system. The detailed written description will be made

cne component of the Registry permanent dete, Wwith storage as hard copy.

Ffurther znslysis of pulmeonary pathology zpecimens will be accomplizhed to
define guantitative charagcteriztics of vessels [see Methods, Secticn 3.1
below). This organized information will be stored with the patient data
record as hard copy, and 25 & component of compurer STored patient data.
Jbjectives of pathological analysis are as follows:

a. Determine the nature of anatomic changes in pulmonary blood
vessals of patients with primary pulmonary bvpersension.

b. Aszsess the severicy of lesions quantitatively inm order to
evzluate possible relationships bDetween structural alterations
and hemocdynamic mMe2SUTEmMENnTS.

¢. Decermine che usefulness of che current grading syacem of
vasculsar changes .

d. Evaluate. the predictive walue of lungz biopsy in relation to
diagnosis and response ©o therapy.
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although highly desirable the following studies are beyond the scope of the
registry znd may be undertaken by direct collaborscion between perticipating
investigators.
a., Analysis of cell population in lungs of patients with primarcy
pulmenary hypertension.
b, Ulrraszructural studies on vaszcular wall components.
c. Correlation with wvedge angicgrams.

d. Ceorrelaticn with lung scans and vascular pathology at biopsy
Or Autonsy.

i

2L HMechods

4n essential prerequisite to accurate evaluation of histopathology slides

=
L]

the standardizarticen of the protocel for sampling and processing lung

specimens for the preparation of feulrless histologic slides.

- 3

5.,1.1 Qualitative analysis of histopachology slides

Zections stained with hemecoxylin ecsin [(HEE), Van Gieson-Weigert for
elastic tissue, and HMallory crichroge must be aveilable in each czse. It is
preferred that unstained slides be sent to the Ragistry Pathelogizt since
stdining techaigques vary in different hospicsels. For bicpsies at least 3

pa

5

affin blocks must be cut; aurcpsy material must include at ledast 3 blocks

i

er lung lobe (i.e., 13 blecks), Elastic artecies are usually nor included in
biopsy material; thus the qualitative enalysis is limited to muscular
pulmenary arteries, artericles; wvweins, alveolar septa, extraszlveolar

incerstitial space, airways and bronchial vessels. Muscular pulmonary

=3 0=
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drteries dra readily identified in slidas stained for elastic tissue by the
presence of intermal and external elastic laminde. Artarioles are vessels
less than 100 um in external diemeter with a single slastic lamina. They

usually can be distingnished from venules by the accompanvying airways. BHut in

biopsies this 13 not always feasible.

The protocol for qualitative analysi= and grading of lesions in

histopathologic slides is shown in Figure 5.1.

(gl

F.1.2 Cuantitdtive damalvsis

[n biopsies, all arteries and 50 arteriolas per slide will be measured.
For autopsy material, at least 530 muscular arteries and 50 artericles are
measurad. Gnlﬁ vessels in transverse secticns are measured. Slides stained
with elastic Van Gieson will be projected onte a graphic tablet by 4 camara
lucida attached to a light microscope. The tablet is equipped with & scylus
connected to an Apple computer. The magnification is entered and the outlines
of the various components of che wessel wall traced with the stylusz. For
arteries, the measurements include areas of lumen, intima, media and if
aeeded, adventitia. For artericles the ares of lumen and total wall is
measured. Calculated {3 the alveclar/wvessel rartio, total and mean cross
sectional areas of wasculature, relative concributicn of wvascular wall
compenent to LT3 medn ared, and lumenf/wall ratios for wessels of differant

S1Za,

=31



FIGURE 5.1
QUANTITATIVE ANALISIS OF PULMONARY EFECIMEMS
AND GRADING OF VASCULAR CHAMGES
Registzy # Cate

Parcant wall thickens

<10 10=25 25=T5% >75 Cocmbined
a3l a2 =3 = score
Artericles n1/n ns/n ay/n ng/n  (lxngy)&(2xng) G(3xny) & (4xng)
50
Arterias nisn Azsm nisn ng/n: (lxmy ) &i2xmy) &L 3xmy) & L4y )
5 n

cualitative Evaluaticon

Arterias

Hadia hypartrophy mild moderate Fevers
Concantric Intimal Prollif. mild moderats severs
Excentric Intimal Prollif. mild moderatsa Tavars
Fecanalized Org. Thromboemb. #/3
Recent Thromboemb. §/5
Angiicis #/5
Blexiform £/9
Dilatation 473
Siderosis 4795
dther §/5

= IR = = = =

Artericles
Muscle Extenzion mild maderate savers

Yeins
Intimal Fibrosis
Thrombl

Parsnchyma ALrways
Inflammation mild moderate savara

Fihrogis mild moderatae Savars
Cther

~31-f-
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5.2 Procscal for Lune Biocosy Examinations

Lung biopsy iz an soticmdal cest associated with a certein risk

patient. To obtain the mozr informavison from thiz procedure,

gre urged to follow this protocol.

13 3Salection of type of biopsy:

for che

INvesTigators

Wedge (open) biopsies provide encugh small arteries and
articles for gqualitative and guantitative analysis.
Transbronchial biopsies are not suitable for che proposed

study of primary pulmoaary hypertension.

21 Site of biopsy:

The lingula and the tip of the right middle loba should be
avicded since chew often reveal thickeniog of vessels and

interstitial fibrosis in otherwise healthy lungs.

The

gampling of either lower or upper lobes does noT seem TOo
be of critical importance. Howewer, 1f feasible, bicpsy

szite should be the same for s211 cases.

37 Fixerion znd sectioning:

The lung is inflated by the anesthesiologist, clamped

batween twe clamps and removed by the surgeon.

specimen 1% immersed in the inflated state into
buffered formaldehyde or Bouin's fixative. The

laboratory.

Thae
10%

properly
identified specimen is then transorted tTo the pachology

A small semple may be cur for immunofluunorescenca and ultrastructural

studies (sea below). The specimen removed for light microscopy should be of

adequate size, usually 0.5 x 2 x 3 cm. The fixed lung slices are further

fixed under wacuum {-10 mm Hg) for %-6 hours, dehydrated and embedded in

paraplast. Secrions are cur at & um thickness. Unstained sactions from at

laast 3 diffarent blocks are sent to the Registry. They will be stained with

hematoxylin and ecsin (H&E), Van Gileson-Weigert for alastic

Lissue

. T - i i 1 d < - -—
Mallory s trichrome for connective tissue. It is anticipated that

will generate bectween 3-8 blacks.

=530 =
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The site of biopsy should be recorded by the surgical pathologist. Name,
age, sex and other pertinent data will ba affixed. These data and the

sections are mailed in =2 3lide carton to the Repizctry Pachelegist,

Alchough immunofluorescence and vltrestructursl studies are oot
comtemplated by the Registry, it is recommended that the concributing hospital

will save material from these rare patients for such studies.

Lfforts should be made to obtain auwtopsies on patients in the Registry.
The =zuropsy permission could be limited to chest incision. This approach is
praferable to permission for "heart and lumg only” since permission for chast
incision allows inspection and sampling of abdominal organs. If the patiant
is recently expired and the autopsy 13 performed in a4 hospital, the lungs
should be fixed by intratracheal perfusion with 10% formalin at 20 cm. of
water. If poszible, post-mortem angiocgrams should be performed. For this
purpose; before fixation, the pulmonsry vasculature: is perfused with a mixture
of Barium=-gelatin or BRenografin-gelatin at the svstolic pulmonary pressure of
the patient in life. Careful examination of che heart znd vencus system should
be dofe. & S3py of the autopsy protocol, longitudinal section of both lung=
or samples of lungs from everw lung lobe sheuld be sent to the Begiztry. The

site of sampling should be mdried on the pathology transmittal form.

5.3.Y Auiopsy of partiencs dying et home

Often patients die at home and several davs may passzs before the
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"
-1

clinical investigater is notified of such death. Alcernatively, the patient
may die suddenly and an sutopsy may be performad by the Medical ESxaminer. In
these instances efforts should be made to obtain heart and lung from the
ambalmed body or from the Medical Examiner. The tissue should be fixed in 10%
formalin and shipped in plastic containers to the Registry for study.

although quantitative analysis may not be possible, the material may provide

usaful information on modalicy of death and nature of lesions.

=T
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un
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ts Management and Statistical Amalysis

6.1 Collecticn, Storage, and Retriewval of Dats

Collection of data for basaline, follew-up, and cause of death will be
done at the clinical centers:. The process of data collecrion will be dene
according to procedures specified in che Manual of Operations and Procedurss
(MOOP). The forms for collection provided by the DCC office are computer
generated and self-duplicating, a feature which permits beth the institution
and the DCC to rertain 4 <opy. This is a great advantage if it becomes

necassdry to discuss  any problems in the data submitted.

4% soon 4% the clinician iz able to confirm through cardiac
catheterization thac a patieat has primary pulmonasy hypertension, s&vﬂrai
routine data collection procedures will be followed. irst, a unigue patient
ID will be generaced by cthe clinician according co procedures in the MOOF,

Secocnd, the haseline reporcing form (Foram [0 will bBe completed, and che
B B oA ; B :

original copy of this form mailed to the Data and Coordinating Center. ([The

clinician will keep the duplicate copvw of the self-duplicating form.)

6.1.1 ERecaipr aof Data by DCC

At the DCC, the project coordinator will log the dace of form completion
{and date recelved), pacient [D and form-cype 835 forms are received. The
conrdinator will ehen werify this information with the clinic, and complete an
on-line compurer registration form. The omn=line procedure will either creace

4 new patient record inm the registry data-base or upddte a pre-existing

__'!'5_
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record. This verification is essential as all subseguent references to che
patient' s daca will be in cerms of identification informacion. Furthermors,
I

by following this con-line procedure & search for duplicate ID's is

gutcmecically parfarmed.

The project coordinator with consultation from the principal medical
investigator (Dr. Bich) will wizually examine all forms for accuracy. Any
problems identified at this time will be resolved by telephone between

i3 felc chat this

i
Il

coordinating center persomnel and the clinic.
interdction between coordindting center perscnmel and the climics, at an eatiy

=Tdge of the datz collection process, will sarve oo resolve most problems in

reporting, or misunderstandings of procedure which may occuxr.

Following the visusl edit and error resolution, all data forms will ba
recained for examination and interpretaticn by che Cogrdinacing Center's

poysicien. The forms will then be assembled for coding and data reducticn.

It is planned fo code all cpen-snded daca icems. Such a reduction sTep
accomplishes several goals of a multi-clinic registry. Primarily, <odiag of
open=-ended gquestions establishes an objective, non-ambiguous mezning for a
given item. Secondary benefits are the reduction in size of the data records
and the additional detailed examinacion of the data form. Uncommon responses
are obvious and can point to the need for corrective dctions. Existing coding

schemes will be used where appreopriate; new coding schemes will be developad

where pecessarcy.
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B.1.2 Manual Data Eacsy

Subzequent to coding, the data forms will be entared onts a computer
file using a cathode ray tube (CRT) terminal stteched to an interactiva

computer program running in the IZHM Series [ minicomputer located at the

[
La ]
[+

School of Public Health. Some details of the operation of this program

pertinent ta this protocel.

aAs the DCC develeps forms, the programmer will generarte & computer version

£

2L

[

t called the form-image. For each form-type there will be 2 corresponding
form=-image. During a typical data entry session, the data clerk will simply
command the computer oo dizplay the image on the CET. The naturs of the imaga
-

is such zthat the clerk will trangeribe the information from the form to the

same or similar lecation on the image.

Automatic checks are included in the program regarding walid wvariable
ranges and intra-form consistency. Values which donot conform co these
specifications genersre. &n error indication, and must be re-entered. ITf a
third actempt 13 made to enter invalid daca ras would osccur, for example, if
the value writren on the form were truly out of range) an error record is
created and a4 message is generated on the E:ﬂ?factiﬁﬂ_répnrt. Theze srror
records will be correcced following a resolution of the problem by the project
coordindter, 45 in the error resclution procedure specified for the visual
edit. The corrected records will be ssved for inclusion in the next sessicon
bateh. If corrections are delayed for some reascon 4and cannct easily be mada,

g wvalue indicaving such will replace che erronecus item.. Forms which have

==d
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been entered into the mini-computer will be stored until ecorzectad or will he
batched for submissicn to the mainframe IBM 370 computer leocated at che

Chicage Circle campus of the University of Illinois (aproximately 1 mile from

che Scheol of Public Hesalth].

4 further capability of the peoint-of-entry edit is to examine a copy @

La Y

case summary information from the registry data-base maintained on line at the
lecal mini-computer. Verifying newly entered against case summary information
will help to ensure that update transactions reaching the data-base aze
consistent with information already on hand. The primary cutput Zrom chis
initial entry and edit is a print-out of transactions performed during the
data ant:% session. The error file genarated from data entry transsctions is

recained for backup purposes.

6.1.3 Automatic Data Management

The transacticons resulting from a data entry seszion will be transmitted
from the School of Public Health minicomputer to the host mainframe computer
over a 4800 baud binary synchronous communicaticons dial-up phone line. Ar the
host site, a batch update (f.e., noninteractiva) is performed. The
expectation of a relatively small number of cases in the registry allows thae

data recorcs to be disk resident. An update report is automatically produced

as a result of the transaction. The updated version of che dacabase is backed _

up to magnetic tepe. The database svztem

will chen permit transmission of an

upddated summary file to the minicomputer. Each new data entry sessicn follows
this seme process. Thus the most current summary information is maintained on
S1te,
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The vpdate report will be reviewed and appropriate corrections will be
made following resolucion of any errers which are decectad. We anticipate
Ehat mostT erIors. encountersd at- this stage will be mainly of a procedural

nature, due to the editing performed st the time of forms entry.

At this time a batch adit will be run which checks characteristics af the

i
L

ell fegistry for validicy and comsistency, An edift report will be prodiuzed

describing the contents of the entire registry data-base, &5 well as

identifying fields in error. This report will be used to locare and correct =

1Eems, 45 necessary.

Mozt reports will be creared usinazx the vecord selection and report
generation capabilities of the Sciencific Information Retriewal [3IRE) data-
base mandgement system [(DBM3). Some special purpose reports may require the
creation of & sequentizl version of the data-base; this will easily he
accomplished through data-base command language., The periodic report and
summaries for the principal investigaters, the clinics, end for WNHLBI will

dlmost certainly be generated through the data-base management S¥sStem.

dnalysis will be performed using standard scatistical packages at the host
computer site. The SIRE data-base mandgement s¥stem <an <resate an 3P35 system
f£ile (Statistical Package for the Social Sciences) using 2 simple
specificdtion in the control language. Thisz svstem file may be used either
direccly as input te an SPSS analysis program, or converted to a SAE file for
processing by ZAE. The latter procedure has been used advantageously by che

Cosrdinating Center for the Cooperative Sctudy of Sickle Cell Disease, which

=35 =
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has cdeveloped and is maintaining a registcy similar in nature but much larger
than the cne described in this document. Any &nalysis which cannct be
performed using one of the packages will be coded in eLtﬁér PL/1 or FORTRAN,
using 4 seguential version of the regiscry data-base. An extensive set of
subroutine libraries at the host computer facility will aid in the accurate

gnd timely ceompletion <of such applications.

In addition to backup procedures used at che minicomputer laboratory, the
UICC Computar Center provides £ull backup of data. Security of the registry
will be maintained by use of pesswords, and security of all materials in the

ata and Coordinscing Center will be maintained by keeping locked all filing
cabinets and nffice doors,

A diegram of the data collecticn and aditing procedures is shown in Figura
6.1 for the manuval collection and edics and in Figure 5.2 for ths complter

adits, =torage and reports.

=)=
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8.2 Oualiry Caontrol of Data

B.2.1 Point of Entry and Autcmatic Data Editing

Sequence numbers will be assigned to all forms which are used by the
caglstry. These pumbers will be referenced whenever documents are
transmitted between the clinics and the Coordinating Center, and will help to
idantify documents when the need arises. When forms are mailed in a batch to
the Coordinating Center, a4 list of the forms included in the batch will be
forwarded under separace covaer. Form numbers and pacient identifiers will he
logged on the registry on receipt of the document. This procedure should
pravent lost or duplicate forms. Forms will be produced on two part no-carben
paper in order that the clinics can recaln & copy for their files. Theasa

copies can be referenced should any guestions develaop.

& wigugl edit of the forms upon their receipt at the Coordinating Cantar
will sarve to resolve problems of legibility, completeness or obvious
lnaccuracy At an early stage, Such errors, when datectad prior to daca entry,

will not be propagated through the registry daca-basa.

The coding of open ended questicns at the regilsctry will standardize cha
responses to this type of item. A small sample of forms will be coded a
second time and compared to the results of the inicial coding. This will
permit an assessment of the reliability of the coding and also help to

identify ambiguous or unclear items,

=43
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Forms will be entered using a CRT under controcl of an interactive editing
program. A replica of the form will be displaved on tne screen, and data from
the forms will be typed in the corresonding positions on the screen. This

procedure minimizes errors in entry dnd item cmizsicn. An online copy of case

summary information obrained from the registry data-base will be interrozated

as =ach form is enctered, permitting checlks of newly entered data sgainsc

archival information. In addition, the entry program provides checks as to
valid data type, proper ranga, and intra-form consistency. [(The use of such a

method in the sickle cell project has proven to reduce the number of errors in

trdnscripticon and to idencify inaccurate reccrding of the forms).

Thiz methed iz especially effective in detecting such errors as the
existence of a4 duplicate form, mizsing forms, and forms out of seguence.
Detection of fatal errors at the point of entry zreatly enhances the error
correction process and ulrvimately cthe integricy of che dace-base. A

modification of this system will permit certain data to be punched twice,
S

providing a chack on the error rate ia punching. (This is described below

under the tubric . of dats werificaticon). During the form-to-CET transcription;

the computer will create edit-failure records or 'flags'. When transcription
is complete a list these errors will be printed. Data forms which are arror
free are then grouped into batches and Transmicted oo che host computer.

Records with errors are stored locally until the errors are resclwved.

The project coonrdinacor Wwill resolve these errors after the problem 1s

brought to the personal asttention of the clinical inwvestigators. Failed forms

o
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will eithar be: eliminated from che invalid transaction fila {they wars
duplicates); corrected, thus becoming wvalid transscrtions; conditionally
corrected by overriding the edit program. (Conditional ceorrection implies a
siltuacion where corraction of 4 group of values or variables in che data base

is necessitated),

dn important function served by the transcription error report is to
provide iaformation on the frequency with which warious errors are
encountered. This is at least one point at which it may become possible to
discern problems in data collection procedures. Obvionsly, arrors in punching

would be picked up at this point as well.

The sec of records in the walid transaction file ars them transmitted to 2
tempordry disk file, znd then avtomstically processed into the daca base by
SIE. Onge ina the daca base the records go through more extensive quality
control steps. For example, inter-form checks on variable consistency may ba
made., The error resolution procedures will be completely analogous co those
at-point of entry and will aoc be dizcuszed further. The ultimate objaccive
in DEMS is to ensure that errors in the data due to data handling procedures
dre prewvented or guickly rectified so that in the finsl analyzis either the
item i= the true value of the messurement cor it deviates slightly from the

true value because of slight random measurement eSrCors.

The use of a Data Base Management 3vstem (DBM3) to maintain the

computerized registry will have a very poscive effect on dara quality contrel.

Use of a DBHME obwiates che extensive reprogramming which is oftfen necessary
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when changes are mede to the £ile stuctura. Revisions of forms are simplifiad
a5 d4ill refarances to items on the data-base are by the name of the item rather

than its position on the file. The implementation of new forms is alse

s

facilitated chreough the record linkage capabilities of the DBMS. A new form
type may be asgociated with the patient records by a relatively simple

restructuring of che data-base by which the new record twvpe is linked to

gxisting information.

A major benefit of a DBMS lies in the flexibilicy it provides for editing,
report creation and analysis. Editing and record selecrion become A simpla
-matter of cembining & small set of special purpose,; high level inscructions.
The schema definition which describes the struccural relationships among items
in the daca-base is a feature unique to the SIR 'DBEMS. This schema permits a
final check on irems as thev are addad to the data-base. The characteriscics
of each fiald may be described in this schema; invalid values which in soma
manner nave feiled all previous error detection schemes will zlmost certainly
be identified at this stage. The non-volatile nature of the schema which
defines the data=-base 4s a whole, ensures that a consistent set of checks will
have been performed on the datsbase, even though cthe definitions may have

evolved through several modificaticns.

c.2.2 Data Verification-the kev dacs weprificacion window

A major function of the DOC 15 to ensure that the data items on the daca
forms &re entered into the data base exactly as thev appear on the forms. By

comparison, the procedure of keypunch-verification used so often in the past

I
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meintains data guality but dalays the rate of entry into the system. The
growing confidence in the relarively new CRT point of entry methods derives
from two advantages, namely & seduced error rate during 'punching’ and a
reduced tura-arcund time for entry inte the data base., Neither xeypunch
verification nor CRT point of entry can detect errors in data recording, 4
preblem which is apprehended using variable range checks, as well 4as inter-

s

apd intra- form checks.

v,
L,

The DCC proposes to supplemenct the CRT point of entry procedure by

establishing a "verification window". This is done by identification of £ set

r

.of "key" wariables which will be entered twice. The particular variables
included in this set will be identified by the Steering Committea. IT i3
anticipated that this set would include demographic and other "identifying
deta”™, hemcdynamic data and octher icems considered te be crucial. This
verificatien window is sdjustable, since additional variables can be easily
added to the ser. WVisual cues such as the placing in boxes of items on the
data form that are to be entered twice can be used To assist the data encry

arks.

—

-
S

This verification window concept was developed after identifying the
component tasks of data entry and attempting to judge the relative time needed

to perform sach one. These tasks can be epumerated as follows:

{1} Proper recording of data and concomitant visual editing,

-}

e

Bt |

ih

icient form to CET zrapscripficn,
{3) Generating and implementing peint-of-entry edits,

—Ifq.,_'—
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i =
=

=) Error processing in the DBHS,

&)

{3) Subsequent guality control checks prior to publicatio

In the design of a data entry system, veluable time resources zs well as

in

funds are allocated to the tasks of keypunching, manual editing, and cn-1i

computer editing,

4 sysztem in which all data items are double snterad

[
—

locates considerable fTime rescurces to the Caszk of kevpunching and can 2ften
cause delays in the preparation of periodic reports on the stetus of cthe data
basa. Such delays are especially problematic in cooperative studies such as
thiz in which important decisions are made At guarterly meetinzs <f 4 zteering
commictee. The wverification window svstem proposed here avoids the Cime
dependence of the entire system on & single,step - namely keypunching while

1

dllowiay the flexibility of double entry of addicienal wvariables ac.a lacer

time.

Zevardl criteria for justifving the salscticn of a4 subsetr of variables may
be applied. Fipst, wariables (such 25 hemodynamic: d4ata) necessdary to
verifving the didgnosis should be punched. Secondly, mumeric data wich e
small level of variation (for instance 2 small coefficient of wariationm) would
oe punched twice. In complementary fashion, variables with high wariabilicy,
or those net crucial to che diagnosis, or ancillary to general medical
undersztanding of the disezse would receive lower data coding priorities. For
cercain lower prioricy items, additional cime would thus be available for
resolving coding problems. The fact that the windew or variable subsec can be

changed gauranteas chat the intagricty of the database system i= preserved.
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Finally, it is expeczed that prior to release of publications or compilation
of final results addicionzl review of the pertinent data items is typically

implemented.

il
1]

ricdically,

[

sample of cases on the data-base will be listed and this
listing compared to its originating documents. This zssessment will offar a
gauge of accurscy and reliabilicy of the registry and also will point cut the
need for modificaton of colleccion end entry procedures should the error rate
prove to be unsatisfactory. Comparisons at the elinic betwesn the monthly
activity report and cthe original files will serve a similar &ssessment
function, as would crxoss checking of logically related wariables within or

among the dara forms.

6.2.3% Dacse Securitcy

-

The security of the system with regard to inadvertent deletion or
modification merits addicional comment. Data entry occurs through the
minicomputer; these interactions znd ﬁuhﬂequeqF transactcions with the 5IR
data-base generate error reports. At the S5IR lavel up to 30 levels of
gecurity restrictions are possible. This includes specifying read, write and

edit dccezs for particular individuals., For PPH, conly the coordinatcr apd the
P.I. will have edit access to the SIE data-base. Backup of all filas will be
done by PPH programmers on 4 regular basis using magnecic tapes. The UICC
system independently will back-up files every 2-3 davs. Finally, a well-

developed system of sSecurity passwords is built into the system restricting .

unauthorized access to program data sets and magnectic tapes.

—40—
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.3 Statistical Analvsis

The overall goals of this cooperative study zre to gzain new insights into
tie natural history, eticlogy and pathogenesis of primary pulmonary
hypertension and to 2ssess the effectiveness of therapeutic measures currencly
asad to treat this disease. To accomplish these goals, the study design is
that of an cbservational study which would follow patients from the point of
diagnosis to the end of the study or to death (whichever comes first). Darta
collected on each patient at baseline (time of first catheterization) and ac

subpsequent visicts cdan be grouped inte the following categoriaes:

Jaselinae Dara

1. Demographic Information (e.g., sex, raca, rasidence histery, etc.)
&

Hedical History (congenital heart disease, femily history of pulmonary
hypertension and other asscciated discrders, current and past
madications, pregnancy history, dietary history, stc.)

[}

3. LFindings at Baseline Medical Exsminstion (height, weight, chest x-ray
findings, EXG findings, hematology, spiromecry, arterial blood gasas,
bicchemiztry, erTe.)

4. HNon-invasive Testing Conducted ac Beseline (radionuclide studies,
tresdmill, etc.)

>. Baseline Concrol Hemodynamic Data (cardiac output, pulmonary arterial
pressure, pulmonary capillary wedge pressure, 3ystemic artarial
pressure, pulmonary wvascular resistance, systemic vescular resistance,
etc.)

Y

Hemodyndmic Data Following Drug Challenges (name of drug, class of
drug, dosdge, response at various times sfter injection of drug with
respect Co cardiac output, pulmonary and sytemic asrterisl pressures,
atc. )

-

Patholegical Findings From Lung Biopsy (medical hypertrophy, incimal
fFibrosis, ‘etc.d)

Follow=up Darca
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- 1

ime Zince Baseline Examipaticn (& months, 1 Yedr, eto.)

Zurvival Ztacus (Alive/Desd)

if-a
'

£ Fiﬂd?:gs at Follow-up Examination (height, weight, symptomatology,
laboratory finding=, etc.)

& Hedicaricon History Jince Baseline Examinaticon
5. Hemcdvnemic Findings ar Follow-up Examination

6, Pathological Findings at Follew-up Examination

GCeuse of Deach Daca

1. Cauze of Death (Including immediate and szecondary causes).

Patients will be recruited inte the study from the thirty-five clinical
centers on 4n ongoing basis during the three year course of the study so chat
thare will be veriabilicty among the subjects wich respect to length of time
followad. In addition, although a certain amount of standardization of
procedures will be expected of clinical cantaers, there will be some variablicy
dmong these centers with respect fo paectient management end to the cype of
diagnostic tests performed. These issues will have considerable impact on the
tvpes of statistical analysiz that can be performed and on the gquestions thar
gre likely mo be addressed in the analysizs plan. Statistical power will be a
crucial issue since the number of patients recruited will be relatively small

CEQD=500 patients]).

5 1 Ty = i i
6 3.1 Interim Data Analvses

Une of the first products of the DCC will be explorartory statistical

andalyses of data acguired before che registry termination. This will (o A
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energlly be limited to descriptive analyses of the baseline findings.
ollow=-up and cause of desth data is expected to accrue more slowly, but will

be presented where pertinent or when requested.

This interim analysis will furnish information concerning characteristics | ¢
of patients with primary pulmonary hypertension at the time of first

catheterization and will ¢ntail cross-tabulations of patients by age, sex,

race, and:other demographic veriables. In addition, the distributions of 1

——— — e

survival time, selected hemodynsmic varizbles and selected patholegical

variables will be examined for the entire group of patients in the registry as

well as for variocus demographic subgroups.

=

Further analysis of the baseline findings would actempt to characterize
the response to the drug chqlleugus ddministered during the right heart
catheterization at the baseline axamination. Dependent variables in this
analysis wonld be changes in cardiac output, pulmonary and systemic wascular

resistdncas, =2tc.

These descriptive analyses will entail use of relatively straightforward

technigques such as simple frequency distribucions and crosscabulations;

descriptive statistics for quantitative variables; t-tests, chi squared tests
and possible ANOVA. It is ancicipated that the appropriate contingency cable

and summary SCartistics programs in SAS or SPS3 would be used in this phase of

the analyzis.
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It should be noted that, at best, these interim analyvses would indicate
trends or would idemtify emerging patterns. They might be useful in cargeting

dreas where data quality is poor and needs improvement, and in indicating

areas where more intensive research should be directad.

6.3.7 Final aAnalysis of Registry Daca

At the termination of cthe study it is expected that very decailed
sTaTistical analyzes of the data will be undertaken. Becauze of cthe low rzze
of accrusl, and the lack of statisticidl power, uze 'of complicated proceduras
will tend to be ineffeccive until all che date is accrued. Prior to this
final analysis, preliminsry results cbrained on partial data may reflect
bizzes arising from such artifaces as different rates of daca submiszion among
investigators. In contrest, after terminaticon, the complete &éaminatiun of
follow=up and cause of death data will be most fruitful and informative =ince
a larger gquanticy will have accrued and all delinguent forms will have been
submitted. Also, a final concerted check on the status of patients who wWere

glive at last. follow=up will have been made regarding, at the least, survival

5Tatus 45 of the terminacicn date of the study.

At thiz stage of analvsis it iz imporrant to note the existence of
snatistical problems puzrznteed to arise. First, because of the relativelwy
small number of patients expected to acorue, statistical power may oot be as
high as ideally hoped. Second, owing toc data collection patterns certain weal
statizvicel pacterns observad in earlier analysesz of che the data could

finally emerge or dissppesr. This should mot inhibit investigators in their

Ln
Ll
L]
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el

1]

rpretations of the data derived from scund biclogical models. Third,
there will be & limit on the detail which csn be expected from the unltimate
statistical analysaes. Thus it is statistically meaningless co analyze data on
individual pacients, but it is statistically desirsble to find homogenecus
groupings of patients that are a4s large as possible. The most useful type of

acvanced statistical preocedures permit analyses that account for che action of

several variables 2t a cime.

The multiple linear regression programs in the SAS library can be used for
such examination of guantitative dependent variables. The multiple logisctic
regression program in the SAS Supplemental Library can ba used for examination
of dichotomous dependent variables. We have used these progrems extansively
in our research projects, As an example of a typical analysis, one might use
lowering of pulmonary arterial pressure zs a dichotomous dependent variable
with type and class of drug, dge, sax, racs, presence of pathological
gbnormalities, arterial blood ges levels, and other findings as independent
varizbles (n a logistic regressicn model. This tvpe of analvsis would
identify those factors that are associated with favorable Casponsaes to &
parcicular medicaticon and would be wseful in identifying subgroups of perients

likely to be responsive to particular medications.

A third phase of the analysis would invelve examination of che
longitudinal data. In this phase, we would examine survival status,
nemcdéynamic variables at follow-up, functional status and symptoms, physical

exdmination findings and hemodynamic findings in relacion to medications taken

A
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during the interval from baseline to follow-up. [t is apnticipated that

actuarial mecheods snd Cox regression technigues would be suitable

praze of the apalysis. In thiz phase of the analysis, we would also examine
toe occurrence of sdverse resctions o2 The medicacicons uzing CoX regression

tecanigues.

1
Lin
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2. Time Phasad Schedule

4 list of the major tasks and activities fer this project zlong with a

tentative time table for their completion i3 shown in Figure 8.1. This
preliminary schedule would be subject to periodic evaluation and would be

modified to accomodate any changes in the study protocol. As part of cur

management plan, we PERT <ut major dctivities and deliversbles in full detail.
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Figure 3.1 Conkined

1981 1282 1933 1964
hotiviky Oct 1 Jan 1 Ppril 1 July Ogk 1l Jap 1 Ppril 1 July 1 Oct 1 Jan 1 April 1 July 1 Oct 1

|, Developmenkt of Qualiby
Conkrol Procedures —_— e — ——

. Becelving and Pathological .
Evaluation of Slidaes
froam Clinteal Centers

. Development and

Implementation of
Strateqgies for
Statistical Analysis

|. Preparation of Final -
Feport and Computer
Tapas




ol

—

ol

I

Lin

REFERENCES

Helfarancas

Henelkeberg JG: Ubaer
Deutch. Med Wschr,

e genuine Arteriosiklercse der Lungenarterie.

1243, 1907

[ N

L

Dresdale OT, Schultz M, Michtom RJ: Primary pulmonary hypertension I.

Clinical and hemodynamic study. Am J Hed 11:° 886, 1951.

Fishman AP, Pietra GG: Primary pulmonary hypertension. Ann Rev Med 31
421, 1980,

Hatamo 5, Strasser T, eds. Primary pulmonary hypertension. FReport on &
WHO meeting, Geneva: World Health Organization, 1973.

Fishman AP; Plexiform lesicns. Pathol Microbiol &43: 242, 1975

2rachfeld J, Reaze A, Goldberg J: Pitfells in the disgnosis of pulmonary
hyperrensicon. Amer Heare J 33: 903, 1935.
Shephard JT, et al.: Clinical, physislogical and pathelogical

considerations in patiencs with idiopathic pulmonary hvpertension. Erit

Heart J 1%;:

Edwards WD, Edwards JE: Clinical primary pulmonary hypertensio Three
pathologic types. Cilirsulacien 36 884, 1977,

Brown CH, Harzson CV:; Pulmonary venco-occlusive diseaze. Lapcet Z: &

196g,

Vogt P, Rutner JR: Das cor pulmonale &us pathologischanactomischer,
Zicht Schweiz Med Wochenschy 107: 349 1977.

Wagenvoort LA, Wagsnvoors M: Primary pulmonary hypertension. 24
pathologic Study of che lung wvessels in 1536 clipnically diagnosed cases.
Circulation &2: 1183, L1970

Czarnecki W, Eosenbaum HM: The cccurrence of primary pulmonary
hypertension in twins with a review of estiological consideracicons. Am
Heart J 7331 24l L9568,

Coleman PH, Edmunds AW, Tregilluzs F: Primary pulmonary hypertension in
three3dbs: Bp Heart J 215 8L, 1959,

Ringdon H3, Cohen LS, Roberts WC, Bresunwald E: Familizl occurrence of
primary pulmenary hoypertension. Arch Internm Med 1I15:; &SE2, 19486,



i
Ln

[a:]0

=i
e |

i
I

20

I3
=

[
[ 3]

PRIMARY PULMONARY HYPERTTHNSICHN STUDY PROTOCOL

PJaGr RE Jr., ¥Yu PM: Primary pulmonary hypertension. Prog Cardiel 8:
979,
A AR

C
15

L i1
o

HBourdillen PD, Oaklay Cm: Regression of primary pulmonary hvpertension.
Hrit - Heart:Jo380 SeE0 1ATH

Fanemoro N, Sasamote H: Pulmonary hemodynamics in primary pulmonary

hypartension, Jap Heart J 20: 2395, 1979,

Fuster ¥V, Giuliani ER, Brandenberg RO, Weidman WH, Edwards WD: The
natural history of idicpathic pulmonary hyperteansicn. Aamer J Cardiel &£7:
T

L2 1931,

Senior RM, Britton RC, Turino GM;, Wood JA, Langer G4, Fishman AP:
Pulmonary hypertension asscociated with cirrhesis of the liver and wich
postacaval shunts. Circulaticon 37: 85, 1988,

Edwards

JE: Funcrional patholegy of the pulmonary wvasculacure in
conganital

cardiaec disegse. Cireculatien 130 Llad, 1957,

Causes of pulmenary arterial hypertemsion in The Human pulwanar&
circulation (Harris P, Heath D, eds.) 2nd edition Churchill Livingsten,
Londen, New York, 1977, Chapter 15.

Beck W, Swan HIC, Burchell HE, Kirklin JW: Pulmonary wvascular resiscance
after rapair of atrial septal defects in patients with pulmonary
hypertension. Circulation 27: S35 1980,

Rabinovitch M, Haworth 5G, Castenada AR, Nadas AS, Reid LM: Lung bicpsy
in congenital heart disesse: A morphomecric approech to pulmonary
vaseular disedse. Circulation 38:: 110F, 1975,

Trell E, Lindstreom C: Pulmonary hypertension in svstematic scleroses.

ann Bheum Dis 30: 390, 1971.

Onodera 5, Hill JR: Pulmonary hypertension. Report of a case in
dssociation with rheumateid archricis. Ohis Med J el 141, 15635,

Caldwall IW, Aitchison JD: Pulmonary hypertension in dermatomyocsitis.
Lol B e o B ol BB o B el

dantini D, Fox D, Kloner RA, Konstam M, Fude RE, Orell EH: Pulmonary
hypertension in systemic lupus ervthematosus: Hemocdynamics and eifects
of vagedilater cherapy.. Clin Cardicl 3: 39%, 1920,

Celona GC, Friedell Gh, Sommers JC: Raynaud's disesse and primary
pulmonary hypertension. Circulacion 22: 1053, 1



i
P

I~
Ll

Melntrye

patients free of prior cardiopulmonary disease.

1973
Vaage J,
platelet

BT A

Widgren 3:
Peohaol 64:

Guzrtner HE;:

Greiser E:

711, Sdsdhara AL

Piper PI:

Sggregation and pulmonscy

REFERENCES

Aemodyndmic response to pulmenary embolism in
am-J Cardial 25: 218

The release of prostaglandin-like substances during

microembolism. Acta Phvsiol Scand 94:

Pfalmonary hypertension related to amincrex inceke.

1977,

Curr Tom

Schweiz Med Worchenschr 100: 2158, 1970,

Epidermiologische Untersuchcongen zum zusammenhang zwischen

dppetit - zuglereinnahme und primar vascularen hypertonie.
537, 1973,

2oth A, Loogen F, Maurer W

Internist L&

Follow-up studies on patients wich primary

vaseilar pulmonary hypertension taking anorsccics. Verh Dtsch Ges Ian
Mea: TFL WAL 1971
Wocd P: Pulmonry hypertension with special reference to the

vasoconstriccive facTor.

Farrar JF;
1963

Dacud FS, Xelly DB, Reeves JT:

ol e T v ol M | e e e Ay
[cdiopathic pulmenary hypertension. Amer Heart J 86: 123,
Isoproterenol as a potential pulmonary
vasodilator in primary pulmonary hypertension. 4am J Cardicl &42: 17

LR

Owen WR, Thomas WA, Castelmen B, Bland EF:
lungs with subsequent cor pulmonala. N Zngl T Med 249; 919,

Walcott G, Burchell HBE, EBrown AL:
J Med 49: 70, 1970.

Thilenius 0G, Madas &s, Jockin

H:
Tt

Primary pulmonsry hypertension.

Unrecognized emboli to che

FEsd

Amer

Frimary pulmonary vascular cbstruction

in children. Pediztrics 356 1985,

Gardener J4: The affect of ''priscel” in pulmonary hyvpertension Aust Ann
Med 3: 39, 1954

aa S i - R B e L1

Kich 5, Martinex .J, Lam W, Eosen FM:;
primary pulmonary hypertension:
litarature (manuscript in preparation).

Charms BL: Primary pulmonary hypertension.

pulmonary artery ccclusion and infusion of aceevicholine. Am

8: 94, 1981,

The use of vasodilator drugs in
4 elindecal assessment and review of the

Effect of unilacaral

J Cardiol



—_—k,

S3,

LG,

a9,

PRIMARY PULMOMARY HYPERETEMELIONM STUDY 2ROTOCIL

Cdmerine F, Alberti E, Klugmann 3, Zalwve A: Frimary pulmonary
hypartension: effects of nifedipine. Br Heart J 44: 332, 1980.

El Kavam U, Erishman WH, Yoran C, Strom J, Sonmenblick EH, Cohen MH:
Unfavorable hemodynamic and clinical affects of iscproterencl in primary
pilmonary hypertension. Cardivase Med 30 177, 1972,

Homnew M, Cohen L, Davies M, Deniszeon D: Clinical and hemsdynamic effects
of digzoxide in primary pulmonary hyperrzensicn. Thorax 250 289, 1380

hubin LJ,-Peter EH: QOrel hydralazine therapy for primery pulmonary
nypertension. MN-Eogl J fed 30Z: &3 1980

Rudolph AM, Paul MH, Sommer L3, MHadas As;: Effectz of tolazoline
hydrochloride (Priscolinoe] on circulatory dynamics of patisnts with
pulmonary hvpertensicn. Am Heart J 55 424, 1973,

Euskin JW, Hutzter All: Primary pulmonary b
phentolamine. Ann Intern Med 30: 772

ypertension treated with oral
7

Zamet F, Bernstein WH, Widrich J: Intracardiac infuzion of acecycholine
in primary pulmonary hypertension. Am Heart J 80: 4323, 1940,

Wang 5W3, Pohl JEF, Rowlands DJ, Wade EG: Diazoxide in treatment of
primary pulmonary hypertensicn. B&r Heart J 40: 372, 1978.

Yu PM: Primary pilmonary hypertension: EBeport of 3ix cases and review
of literatuze. Ant Intern tled &9: 1138, L9853

Yuceoglu ¥YZ, Dresdale DT, Valensi 0J, Marvas EM, Gottlisb NT. Primary
pulmonary hypertensicn with hoarseness and massive (fatal)l hemopTysis.
Vazc Dis 4: 290, 19&67.

1

[ 18

=
i



	DisclaimerBox0: Persons using assistive technology may not be able to fully access information in this file. For assistance, e-mail biolincc@imsweb.com. Include the Web site and filename in your message.


