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This ] woman was first seen at [J§ in [ 1949, at which

time she was 21 years old. She presented because of a tender lesion of
the fifth rib which proved on excisional biopsy to be a noncaseating
granuloma. She had lymphadenopathy, splenomegaly, and an extensive
fluffy pulmonary infiltrate. P, was louder than A_,, but there was no
overt cardiac problem. A lymph“node biopsy also rgvealed noncaseating
granuloma. A diagnosis of sarcoidosis was made.

The patient remained asymptomatic through 1954, except for several
small papules on the skin which proved to be granulomas on biopsy. Re-
peated chest X-rays during these five years failed to reveal any change.

The patient first noted mild DOE in about 1955. She was followed
for this by a private physician who treated her with ACTH and Cortisone
during 1955 and 1956. Her course was stable until [||jjjjjJlll]. 1959, when
she was admitted to JJ with markedly progressive dyspnea of two months
duration. During the month prior to admission she had developed marked
pedal edema. On physical examination she was cyanotic, tachypneic, dysp-
neic, and tachycardic. She had harsh breath sounds, markedly increased
P,, hepatomegaly, questionable ascites, 3+ pedal edema, and clubbing.

EEG revealed RAD and RVH; by chest X-ray the pulmonary infiltrates were
unchanged from 1954, but she now had RVH. Venous pressure was 23.5 cm.
H,O, and circulation time was 18 seconds. The patient was treated with
oxXygen, Meticorten, bronchial hygiene, digitalis, diuretics, and salt re-
striction. On this regimen she became markedly improved, diuresed 19
pounds, and cyanosis disappeared. The blood gas studies in the chart
were done at this time. She was discharged on maintenance digitalis,

but steroids were discontinued.

In the ensuing months she continued to have dyspnea on mild exer-
tion and a chronic cough, but there was no return of overt right heart
failure. She received another course of Meticorten, but since there was
no obvious change objectively or subjectively, this medication was not
continued.

In -, 1961, the patient had a sudden marked increase in dyspnea
and cough; on admission to - she again was cyanotic, but there was no
pedal edema. Venous pressure was 11 cm. H, O, and circulation time was
14 seconds. The patient was again started”on steroids. She had a dra-
matic improvement of her symptoms, although there were no objective
changes.

Since the patient's 1961 hospitalization, she has been maintained on
from 5 - 40 mgms. of Meticorten daily. There has been no change in her
DOE, and she has had no recurrence of her right ventricular failure.
ECG's and X-rays are unchanged, and several VP - CT's have been normal.



Normal -co F—GO 5o | 6!
Values On
for This Steroids)
Patient
FVC (L) 2.90 1.80 1.94 2.02 2.00
FEVO 5 (L) 1.76 1.25 1.34 1.20 1.20
FEV, (L) 2175 1.60 1.60 1.50 1.40
REST REST REST REST REST
SATO (%) >94 70 84 82 88
2
pCO2 (mmHg) 40 49 31 34 32
A-a (mmHg) <15 61 51 52 34
N2 Washout (%) <2.5 6.0 8.3 5.5
Cardiac output (L/min) 3.45
Membrane Diffusing
Capacity 41 6 6 7 7
(m1CO/min/mmHg)
Volume, Pulmonary
Capillaries (cc) 52 28 31 16
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CASE #2: . -

This 44 y/0 [} woman was first admitted to [JJJj JJJJ-61 vecause orf
thrombophlebitis of the left arm.

From about age 20 until age 42 the patient slowly gained approxi-
mately 100 pounds. During the 13 years before hospitalization she gained
over 100 more pounds, and at the time of admission she weighed greater
than 300 pounds. For about 6 months prior to admission .the patient noted
progressive DOE, fatigability and orthopnea. She developed frequent epi-
sodes of somnolence and fell asleep during such times as talking on the
telephone. She had frequent nightmares, fell from bed several times, and
awoke confused in the mornings. Pedal edema developed during this per-
iod. Before admission she had been seen transiently in the Outpatient
Department where the dyspnea, a BP of 250/130, and cardiomegaly by X-ray
had led to the diagnosis of HCVD. She was digitalized for this without
any great change in symptoms.

Physical examination revealed (besides the thrombophlebitis) a som-
nolent, massively obese colored female whose BP was. 160/80. The diaphragms
were high; breath sounds were diminished. Heart size was indeterminant,
but P, was much louder than A,. She had 2-3+ pretibial edema. All other
physical findings were immerséd.in the fat.

Laboratory studies revealed a hematocrit of 45 and a CO, content of
38 meq/L. ECG showed RAD and nonspecific ST - T wave changeS. Chest X-rays
were always of poor quality; of diagnostic value one could only say that
the pulmonary outflow tract was enlarged. Pulmonary function studies are
tabulated below.

The patient became more somnolent on oxygen; oxygen with assisted
ventilation was well tolerated, however, and this was her major therapy
during hospitalization. Digitalization was continued, and diuretics were
given about 10 days out of the total hospitalization of 43 days. Weight
reduction was not entirely successful except for delivery of edema fluid;
the patient's discharge weight was 283 pounds.

This regimen greatly benefited the patient in that symptoms of CO
retention disappeared; her ECG reverted to normal; P, became equal tO
A, ; edema disappeared, and the patient's exercise tolérance increased
mgrkedly.

After hospitalization, the digitalis was stopped without change. The
patient continued to lose weight to a low of 225 pounds. During this time
she was asymptomatic, and her ECG, chest X-ray, and CO, content were nor-
mal. During Feb. '62, she became despondent, and sincé€ that time her
weight has climbed to 295 pounds. All of her symptoms have recurred, but
she refuses to reduce or to be admitted for treatment.
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PVC 3.45 ABD ABD ABD
FVC (L) 1.275 2.375 1.755
FEV0 5 (L) 0.110 1.40 1.185
FEV1 0 (L) 0.950 1.765 1.365

REST 100% 02 REST REST “100% O2 EXERCISE
SATO (%) 82 100 - 90 100 85

2
pCO2 (mmHg) 71 74 45 60 68 57
pPH 7.36 7.33 7.40 7.39 7.25 7.36
A-a (mmHg) 22 147 - 24 221 44
Hat.. 82 48 48 50
N2 Wash-out 1.25% 2.1%
Cardiac output 8.28 L 4.50 L
DM 46 (60%) 70 (91%)
VC 74 (115%) 60 (94%)
EKG RAD - Non Spec Normal Normal
T Wave

Weight > 300 Pounds 225 295
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cAsE #3: R

The patient was first seen at Jj in 1956 at which time he was a
61 y/o man. He gave a history of heavy cigarette smoking his entire
adult life. During middle life he had the onset of frequent episodes of
bronchitis that finally developed into a chronic cough productive of thick
sputum. In 1947-48 he noted the onset of DOE, and this progressed over
the next few years to dyspnea on mild activity.

The physical exam at that time was classical for severe pulmonary
emphysema. ECG showed RAD and peaked P waves in I and III. Chest x-ray
was compatible with emphysema, and the pulmonary outflow tract was en-
larged. Detailed pulmonary evaluation is in the chart below.

The patient did not adopt a treatment program and was not seen again
until i 1958. During the two years of absence he had at least three
episodes of peripheral edema associated with high venous pressures and
ECG's showing right ventricular strain; these episodes occurred during
periods of acute respiratory infection. At the time of this visit the
physical was unchanged; the xX-ray showed probable RVH; the ECG was un-
changed. Venous pressure was 8 cm. H,O and circulation time was 14 sec-
onds. Other evaluation data is in thé& chart.

The patient had three more [J admissions. On one of these admissions
he had frank CO, narcosis with coma, RVH by ECG, peripheral edema, and a
venous pressure of 20 cm. H2Op On each admission he responded to vigorous
bronchopulmonary hygiene.

After discharge the patient again failed to follow a rational treat-
ment program.

On the patient's return in [, 1959, more successful treatment was
carried out. The patient was then evaluated for a RUL bullectomy. Cardiac
cathetherization revealed a PA pressure of 24/13 (mean 18%, Right atrial
pressure 4, Wedge pressure of 5-7, Cardiac Index 2.48 L/m“, and pulmonary
vascular resistance 2.7 units. Pulmonary angiography revealed compression
of blood vessels into the lower lobes by the bullae.

Surgery was performed on the right lung [fJ. 1959, and the patient
recovered without incident. The patient was much improved, and he con-
tinued to improve until [JJ., 1960. At that time he developed an inter-
stitial infiltrate thought to be a viral pneumonia. During this illness
he had a grand mal convulsion thought to be due to anoxia. After this
episode his pulmonary status deteriorated, and he never regained his pre-
vious level of activity.

In -, 1960, the patient developed acute ECG changes of a myo-
cardial infarct. These findings recurred in [, 1960, and the patient
expired.
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This is not intended to be an exteusive listing of all causes of
cor pulmonale due to pulmonary vascular destructiocn. The variety of such
causes, is, however, emphasized by the titles cf the articles chosen.
References 20-24 all deal with multiple pulmonary emboli; this subject

. is stressed because of its frequence, difficulty in diagnosis, potential

prevention, and poor prognosis if untreated. The article by Heilman (232)

- is particularly good in pointing up many of the problems associated with

the diagnosis and treatment of embolization.
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This very complex subject is best covered by Aviado (34) in his ex-
tensive review (80 pages and 856 references). Fowler (35) is less exten-
sive, but his review is certainly adequate. Fowler's explanation of the
difficulties involved in measurements of pulmonary vascular resistance
help explain the marked variation in results.

Of particular interest to the subject of cor pulmonale are the re-

' sponses to hypoxia. There is general agreement that hypoxia causes in-

creased pulmonary artery pressure, and increased cardiac cutput in normal



e

i
humans; patients witll partial obliteration of the pulmonary vascular
bed have even greater rises in PA pressure. Results of the effects of
hypoxia on pulmonary vascular resistance, however, have been variable.

- The evidence probably favors an increase in this resistance with hypoxia.

All of these changes are at least related to the degree of hypoxia pre-
sent; saturations below 85% seem to be the most significant in eliciting
response.

Cardiopulmonary responses to high CO, have been extremely varied.
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Any condition that leads to hypoventilation of a severe degree may
ultimately cause cor pulmonale even if the pulmonary vasculature is nor-

. mal. The more pulmonary parenchymal disease is present in addition to

the hypoventilation, the more likely cor pulmonale is to ensue.

Causes of hypoventilation include deformed chest walls (40, 43), weak
chest walls (45, 46), extreme obesity (41), and a failure of the respira-
tory center (42). This problem is best discussed in Bergofsky's brilliant
article on 'the heart failure of the hunchback' (40).
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Many of the papers in the other sections also deal with cor pulmonale
due to emphysema, since this is the most frequent cause of cor pulmonale.
In essence, this type of car'pulmonale is a mixture of the other two types;
the pulmonary vascular bed is partially destroyed, but the destruction is
not extensive enough to cause pulmonary hypertension. The added func-
tional vascular restriction of hypoxia is also necessary to produce hyper-
tension.

The paper by Liebow (47) discusses the pulmonary vasculature in
emphysema. Cromie's study (48) shows statistically that there is no re-
lationship between the amount of anatomical emphysema and the development
of a hypertrophied right ventricle.

References 49 - 56 point out that the patients with emphysema who
develop cor pulmonale have lower oxygen saturations and higher PCO 's
than those who do not; in addition, at the time of right heart 2



failure the Sat. O, is even lower and the P,,. even higher than when
failure is not preSent. Cardiac output is “2 noted to be high, normal
or low at the time of failure depending on many variables.
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The use of oxygen in the treatment of cor pulmonale cannot be over-
emphasized. Tissue needs for oxygen must be met. By the use of in-
creased inspired oxygen, this goal can be accomplished with less cardiac
output. The decreased cardiac output and perhaps a decrease in pulmonary
vascular resistance result in a lowering of the pulmonary arterial hyper-
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