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The occurrence of arterial hypoxia with poly-
cythemia usually results from some known type
of pulmonary disease or from an abnormal com-
munication between the right and left sides of the
circulation. Although arterial oxygen unsatura-
tion has been observed in patients with polycy-
themia vera (1-4), it is usually of only mild de-
gree. Recently, Newman, Feltman, and Devlin
(5) found polycythemia and a severe degree of
arterial hypoxia in two patients who did not have
evidence of any previously described form of lung
disease. These authors postulated that polycy-
themia vera by its effects on the lung or on the
respiratory center could give rise to oxygen un-
saturation of arterial blood. They also suggested
that in some patients polycythemia is secondary
to respiratory center disease of undetermined
etiology.

It is the purpose of the present report to pre-
sent the clinical and physiological findings in an
obese young man with polycythemia and arterial
oxygen unsaturation.

CLINICAL REPORT

C. D., a thirty-year old white man was admitted to
the hospital on January 8, 1954 complaining of shortness
of breath and ankle swelling. He had weighed more
than 200 pounds for at least 13 years. In 1942 he worked
as a furnace feeder in an aluminum plant for six months.
He first noted a non-productive cough in 1950 and since
then had experienced an increased frequency of respira-
tory infections. In March, 1952, an elevated hemato-
crit was observed, and by October, 1952 he had to stop
work because of dyspnea and ankle edema. In the six
months before entering the hospital these symptoms in-
creased, and he developed orthopnea.

Physical examination revealed an alert, cyanotic,
slightly orthopneic man who weighed 290 pounds and
was 67 inches in height. A few rales were heard at the
right posterior lung base. The heart was in gallop
rhythm, and the pulmonic second sound was accentuated.
Mild edema of the abdominal wall and marked edema of
the lower extremities was present.

The significant laboratory findings were as follows:
red blood cells 6.77 million per cu. mm.; hemoglobin 20
gm. per cent; hematocrit 69 per cent; white blood cells
6,000 per cu. mm. with a normal differential count and
normal cellular morphology; platelets 150,000 per cu.
mm. The bone marrow showed hyperplasia of the
erythroid series, and reticulocytes were 1 per cent of the
red blood cells. The blood uric acid was 9.6 mg. per
cent. The urinary 17-ketosteroid excretion was 8 mg.
in twenty-four hours (normal). X-ray of the chest
showed cardiac enlargement and enlargement of the
pulmonary vessels. Angiocardiography showed filling of
the cardiac chambers in normal sequence. The sella
turcica appeared normal by X-ray. An electrocardio-
gram showed evidence of right ventricular hypertrophy.

Treatment consisted of bed rest, digitalis, sodium and
caloric restriction, mercurials and, beginning on the sixth
day, repeated phlebotomies. By the end of seventeen
days after his date of entry into the hospital a total of
five liters of blood had been removed. The patient lost
twenty-four pounds in the first five days and an addi-
tional thirty pounds before leaving the hospital. He be-
came free of dyspnea and edema and less cyanotic. A
chest X-ray taken ten days after admission showed
marked diminution in the degree of vascular engorge-
ment, and right ventricular enlargement became ap-
parent. He was discharged on February 9, 1954, to con-
tinue on the treatment regimen described above.

His status was re-evaluated on April 4, 1954, when
his weight and physical findings were the same as they
had been at the time of discharge from the hospital.
Red blood cell, white blood cell and platelet counts
were normal, and the chest X-ray showed further diminu-
tion of vascular markings. Neurological, psychometric
and electroencephalographic examinations failed to re-
veal organic brain disease. However, a slight cerebral
dysrhythmia without a focal pattern was present on the
electroencephalogram.  Intermittent treatment in a
chest respirator for several days and advice to breathe
deeply did not change his clinical status, and he left the
hospital after two weeks of observation.

He entered the hospital again on October 4, 1954, at
which time there was no change in the clinical or labora-
tory findings except for a ten-pound weight gain. During
his hospital stay of three weeks, a twenty-pound weight
loss was effected by more rigid caloric and sodium re-
striction.
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METHODS

Measurements of lung volumes, maximum ventilatory
capacity, ventilation and gas exchange at rest were made
according to the methods of Baldwin, Cournand, and
Richards (6). Arterial blood was sampled from an in-
dwelling needle in the brachial artery. Oxygen content
and capacity and carbon dioxide content were deter-
mined by the method of Van Slyke and Neill (7).
Whole blood pH was determined at 37° on a Cambridge
Research Model pH meter. Expired air was analyzed
on the Scholander gas analyzer (8). The oxygen ten-
sion of arterial blood was determined by the technique
of Riley, Proemmel, and Franke (9). The carbon diox-
ide tension of arterial blood was obtained by use of the
Van Slyke and Sendroy line charts (10). Analysis of
the ventilation-perfusion relationships and the diffusion
characteristics of the lung at rest was made according
to the methods of Riley, Cournand, and Donald (11).
The maximal diffusing capacity of the lung was meas-
ured by the techniques described by Riley, Shepard, Cohn,
Carroll, and Armstrong (12). Cardiac catheterization,
sampling of mixed venous blood and determination of
cardiac output was carried out as described by Cour-
nand, Baldwin, and Himmelstein (13). During the sec-
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ond cardiac catheterization the procedure for studying
a suspected case of congenital heart disease was done
according to the method described by the latter authors.
Blood pressure in the pulmonary and brachial arteries
and in the right ventricle was recorded by the use of
calibrated electromanometers. Plasma volume was de-
termined by the T-1824 dye method as described by Gib-
son, Evans, and Evelyn (14, 15).

The symbols and units used in presenting the observed,
assumed and derived values are those recommended by
a group of pulmonary physiologists (16) and specifically
modified by Riley and Cournand (17).

SYMBOLS

Values for lung volumes, maximum ventilatory capacity
and minute ventilation are expressed as liters or liters per
minute B.T.P.S. Other symbols and units are as follows:

Cao, O; concentration of arterial blood, in vols.

per cent.

Capo, O; capacity of arterial blood, in vols. per
cent.

Caco, CO:; content of arterial blood, in vols. per
cent.

Do, Diffusing capacity of the lungs.

Fi1o, Fractional oxygen concentration of in-
spired gas.

f Respiratory rate in breaths per minute.

Peao, ““Effective” alveolar Po, in mm. Hg.

Pao, Arterial Po; in mm. Hg.

Peaco, “Effective” alveolar Pgo, in mm. Hg.
Its equality with Paco, is assumed ex-
cept where Qva/Qt exceeds 20 per
cent, in which case it is calculated from
the venous admixture equation and the
physiological CO. dissociation curve of
the patient.

Paco, Arterial Pco, in mm. Hg.

Pco, Mean partial pressure of oxygen in the
pulmonary capillaries.

P10, Inspired gas Po,, in mm. Hg B.T.P.S.

Qva/QtX100  Ratio of venous admixture to total blood
flow, expressed as per cent.

R The CO4-O; exchange ratio or respiratory
quotient.

Sa The oxygen saturation of arterial blood.

Sce The oxygen saturation of “effective’ cap-
illary blood.

Sv The oxygen saturation of mixed venous
blood.

Vb Physiological dead space, corrected for
apparatus dead space in ml. B.T.P.S.

V1o Tidal volume, corrected for apparatus
dead space in ml. B.T.P.S.

Vpe/VT1° Dead space-tidal volume fractional ratio.

VE Minute volume of expired gas in liters per
minute B.T.P.S.

O consumption in ml. per minute S.T.P.D.
(standard temperature and pressure,
dry).
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Refer to text for definition of symbols.

RESULTS

The results of physiologic study are indicated
in Figures 1 to 3 and Tables I to III. Shortly af-
ter admission to the hospital, during a period (pe-
riod A) when rapid weight reduction was oc-
curring, there was a considerable reduction in
the total lung capacity which resulted chiefly from
a reduction of the vital capacity. Despite the
somewhat elevated alveolar nitrogen concentration
after the patient had breathed 99 per cent oxygen
for seven minutes, it was evident from the re-
duced absolute value for residual lung volume,
the normal maximum ventilatory capacity and
the normal spirogram that obstructive emphysema
was not present. The estimated total blood volume
was almost two times greater than the predicted
value and this increase was entirely due to erythro-
cytosis. Although total minute ventilation was
normal, the tidal volume was much reduced. The
arterial oxygen tension and oxyhemoglobin per
cent saturation were extremely low and carbon di-
oxide tension was greatly increased. Following

the inhalation of 99 per cent oxygen (Table I),
a further reduction in tidal volume occurred with
a consequent rise in arterial blood carbon dioxide
tension, while arterial oxygen saturation increased
to 89 per cent. Further study in this initial pe-
riod (A) revealed that the physiological dead
space and the diffusing capacity of the lung at
rest were normal (18, 19) but that the percentage
of venous admixture was greatly increased. The
percentage venous admixture in this instance was
calculated according to the equation of Riley,
Cournand, and Donald (11) employing the data
obtained from cardiac catheterization and the in-
halation of 99 per cent oxygen. Studies of the
hemodynamics of the right heart and pulmonary
circulation revealed elevation of the right ventricu-
lar end diastolic pressure and a marked degree of
hypertension in the pulmonary artery which did
not change immediately after the removal of 600
ml. of blood.

During the next seventeen days (period B), a
total of 5 liters of blood was removed so that the
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ARTERIAL BLOOD DATA DURING
AIR BREATHING STUDIES
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total blood volume and red cell mass returned to
normal. Throughout the ten months of observa-
tion sodium and caloric restriction were main-
tained, and digitalis administration was continued.
Repeated study at intervals (periods C, D, and E)
showed no significant changes in the measure-
ments of lung volumes and maximum ventilatory
capacity, and erythrocytosis did not recur. With
the progressive increase in tidal volume, the val-
ues for arterial oxygen saturation and tension and
carbon dioxide tension returned toward normal,
but even after ten months the tidal volume was
reduced, and a moderate degree of hypercapnia
and arterial hypoxia was present. It is evident
from Table I that alveolar ventilation could be
much improved by the use of inspiratory positive
pressure breathing. The percentage of venous ad-
mixture after recovery from failure came to be
within normal limits during exercise (20) but
was considerably elevated in the last period (E)
of study. The maximal diffusing capacity was
measured at three and ten months after the ini-

tial studies and was found to be normal (20). A
second cardiac catheterization (Table III) was
done two months after the first one. Although
the pressure in the pulmonary artery was lower
than before, it was still considerably elevated. In
addition, the end diastolic pressure in the right
ventricle was still above normal. When 99 per
cent oxygen was inhaled during the course of
this catheterization, full saturation of the arterial
blood with oxygen occurred, but the pressure in
the pulmonary artery fell only slightly. Neither
an abnormal intracardiac communication nor a
valvular stenosis could be demonstrated at this
second catheterization.

DISCUSSION

The observations reported here do not permit
a classification of this patient’s illness into any
previously described clinical or physiologic syn-
drome. The physiologic findings differ from the
patterns of dysfunction which have been found



POLYCYTHEMIA AND ALVEOLAR HYPOVENTILATION

TABLE I
Data obtained during the use of 100 per cent O, and the Benneit IPPB*

Period A [+
Date 1-12-54 2-8-54
Condition Rest Rest Rest Rest, IPPB
Fiq . 2086 .9939 .2086 .2086
Puise 108 108 104 80
] 29 32 24 3
Ve 6.8 5.3 6.1 9.2
vr 169 101 185 232
Paco, 80 91 67 52
PAq, 39 >400 45 84
Paq, 19 65 33 58
PAqCPao, | 20 12 26
Voo/ VI | .46 .37 .38
Sa 30 89 65 87

* In both instances sampling was done after 15 minutes. Values for

PeAq, ana  Puao,

are corrected to pH 7.40.

TABLE 11

Two level oxygen studies
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Rriop Srates Dare Pr, Ve V,, R f Po, Pag- Vot Qu D, PR, PE, Fo Ph; Pl C-
% C -
- Pehcs, ¥ o Ry, T, SV
x 100

A Rest 1-13-54 148 6.3 327 .73 29 88 ? .46 44-67* >21 32 (17-22) 17 15 <15 (15-25)
[+ Rest 2-8-54 237 5.3 351 .59 20 73 (0) .40 20 109 109 3 36 14 7y
145 6.1 336 .64 24 67 (0) .37 20 24 45 35 33 12 14 (27)
D Rest 4-5-54 174 6.1 353 .64 21 68 5 .35 33 80 80 51 29 17 (30)
148 6.2 317 .72 21 65 3 .37 33 19 63 59 44 19 17 '(30)
D Exercise 4-7-54 173 22.5 1488 .78 29 67 (0) .25 8 86 84 68 18 27 (40)
3. lsmph 120 29.7 1531 .92 27 59 (0) .24 8 57 53 33 32 21 27 (40)

° at 6°
D Exercise 4-12-54 173 20.2 1616 .75 23 7 (0) .24 4 70 57 54 16 31 (40)
3.1 mph 121  30.5 1543, .96 23 57 () .22 4 50 58 32 32 26 31 (40)

at6°
E Rest 10-12-54 171 6.3 330 .13 17 60 2 .33 32 9% 89 54 40 32 (30)
145 6.1 329 .72 17 59 2 .30 32 10 69 51 40 29 32 (30)
E Rest 10-21-54 148 5.6 289 .71 19 56 1 .23 32 3 72 49 24 16 (30)
121 6.4 302 .85 19 49 2 .14 32 19 64 61 45 19 16 (30)
E Exercise 10-15-54 171 25.4 1767 .76 29 65 (0) .22 18 86 81 56 30 30 (40)
3.1 mph 119 32.3 1699 .93 27 57 (0) .20 18 57 S6 32 29 27 30 (40)

at 6°

* Calculated from resp
Assumed values are placed in parentheses

to 100% O, inhalation on preceding day (See Text).
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TABLE III
Catheterization data before and after therapy
NORMAL 1ST CATHETERIZATION 2ND CATHETERIZATION
AT REST
Date, Period Jan. 13 (Period A) Feb. 3 (Period C)
Condition Rest (Control) After 600 cc Rest (Control) After 100% O,
Venesection for 15 Minutes
BSA (m?) 2.27 2.17
Weight (l1bs.) 266 236
Height {cm.) 170 170
Heart Rate (beats/min.) 108 120 106 94 84
Stroke Volume (cc/beat) 85 93 108’ 125
Cardiac Output (liters/min.) 7.0 9.1 11.1 11.4 11.5
’

A.V. Difference (vols.%) 4.5 3.6 3.0 2.9 3.1
0, Consumption (cc/min.) 327 336 332 359
R.Q. .13 .74 14 .12
Pressures (mm. Hg):

Pulm. Art. S/D 30/10 104/50  96/50 94/55 92/49 79/44 59/35 56/33

Mean 15 67 65 66 64 60 47 41

Rt. Vent. s/D 30/5 108/21 66/15 -

Rt. Aur. Mean 5 22 15 -

Brach,Art. S/D 144/92  136/84 115/64 124/78 132/66 141/65 146/80
Pacol (mm. Hg) 40 88 86 87 73 76
Sa (%) 94-98 32 32 37 68 100
S (%) 17 19 24 51 93

to characterize those groups of pulmonary dis-
eases that have been described under the heading
of pulmonary fibrosis (21), alveolar-capillary
block (22), or pulmonary emphysema (23). The
observations are similar in most respects to those
made by Newman, Feltman, and Devlin (5) in
two individuals, and it seems likely that the patho-
_genesis of the illness is the same in the two in-
stances. However, the failure of the maximum
ventilatory capacity to return to normal after
treatment in one of their cases contrasts to the
ever normal value in this individual and suggests
that their patient may have had an additional
ventilatory defect.

The severe degree of alveolar hypoventilation
demonstrated by this patient can probably account
for all of the other physiologic abnormalities which
were observed. Thus, arterial hypoxia and car-
bon dioxide retention would be expected as the
immediate consequence of such a defect. With
continued hypercapnia and the secondary rise in
buffer base the respiratory center would become
less sensitive to carbon dioxide, and hence the
hypoventilation would tend to be perpetuated. It
seems likely that the very small tidal volume which
characterized this hypoventilation would leave

areas of the lung whose blood circulation was
maintained without adequate ventilation and in
this manner account for the elevated percentage
of venous admixture that was found. It would
not be unexpected that the persistence of such hy-
poxia over a long period would lead to polycy-
themia. Finally, from the report of similar find-
ings in a patient with diffuse disease of the central
nervous system but without intrinsic pulmonary
disease (24), it seems possible that long stand-
ing hypoxia with its consequent polycythemia may
have been sufficient cause for pulmonary hyper-
tension and right heart failure of the high output
type to occur.

It is evident from the data presented that no
abnormal right to left circulatory shunt existed.
Although the percentage of venous admixture was
extremely high initially and full saturation of the
arterial blood on 99 per cent oxygen breathing
was not achieved, it seems likely that this resulted
from the marked pulmonary congestion. Neither
exploratory cardiac catheterization nor angio-
cardiography revealed a shunt, and in subsequent
study the percentage venous admixture was much
reduced and during exercise approached normal
values. In addition, increased venous admixture
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would offer no explanation for the CO, retention
observed (11, 25).

Whether or not the sequence of events was
that which has been postulated above, an initiating
mechanism for the alveolar hypoventilation was not
discovered. It has been suggested (5) that poly-
cythemia vera by a direct effect on the respiratory
center might cause hypoventilation, but in this case
no confirmatory manifestations of polycythemia
vera, e.g., splenomegaly, leucocytosis or thrombo-
cytosis were present. It also seems unlikely that
primary damage to the respiratory center with con-
sequent loss of carbon dioxide sensitivity was pres-
ent since no other signs of organic brain disease
could be found and since arterial carbon dioxide
tension returned toward normal following treat-
ment. Since the hypoventilation was character-
ized by a marked reduction of tidal volume, it is
possible that it resulted from an overabundance of
inspiratory-inhibitory impulses to the respiratory
center from stretch receptors either in the lungs
or elsewhere in the ventilatory apparatus. If
disease of the pulmonary parenchyma accounted
for such a disturbance, it was not of sufficient
extent to result in detectable roentgenological ab-
normality. In the absence of such abnormality,
the reduction in total lung capacity can best be
related to extreme obesity, cardiac enlargement
and a long standing pulmonary vascular disturb-
ance. The patient’s exposure to fumes from alu-
minum furnaces was of only six months’ duration;
this fact, together with the lack of radiologic ab-
normality would seem to rule out the presence of
a pneumoconiosis of the type described by Shaver
and Riddell (26).

It appears possible, however, that the obesity
either by a mechanical effect leading to an in-
crease in the work of breathing or else by a re-
flex effect might give rise to a diminished tidal
volume. With respect to mechanical effects it is
known that the addition of resistance to the airway
(27) can induce progressively decreasing tidal
volume with carbon dioxide retention. This pa-
tient had no increase in airway resistance as evi-
denced by the normal maximum ventilatory ca-
pacity and spirograms. Undoubtedly there are
other factors, both mechanical and reflex, such as
the retractive forces and stretch receptors of the
chest bellows which could modify tidal volume,
but satisfactory methods of studying these in
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patients have not been developed. Therefore, the
importance of the obesity in this instance cannot
be evaluated.

Severe pulmonary hypertension at rest was
present even after all clinical evidence of right
heart failure had disappeared. The elevation of
cardiac output was not of sufficient magnitude to
cause pulmonary hypertension in a normal indi-
vidual (28). Since correction of the arterial oxy-
gen unsaturation did not relieve the pulmonary
hypertension, it was probably not maintained by
hypoxia alone. Thus it seems probable that the
pulmonary hypertension was at least in part due
to an anatomic reduction in the capacity of the
pulmonary vascular bed. It is likely that such
anatomic reduction was in the arteriolar or ar-
terial branches since the normal maximum diffus-
ing capacity suggests that the area of the pul-
monary capillary surface was normal (12). It
is impossible to determine with certainty whether
pulmonary arterial disease resulted from long
standing hypoxia or was primary. However, if
primary pulmonary vascular disease was present,
it was not of the type described by Dresdale,
Schultz, and Michtom (29), for their patients, un-
like this one, had a reduced cardiac output and
normal arterial oxygen saturation.

SUMMARY

An obese young man with cyanosis, dyspnea
and edema was found to have erythrocytosis and
right ventricular hypertrophy but no evidence of
disease of the lungs or chest wall or of the central
nervous system. Physiologic study revealed the
presence of marked arterial hypoxia and hyper-
capnia and severe alveolar hypoventilation which
was characterized by a marked reduction in tidal
volume without an increase in respiratory fre-
quency sufficient to maintain normal alveolar
ventilation. Marked pulmonary arterial hyper-
tension and increased cardiac output were also
present. There was no evidence that these find-
ings were initiated by an abnormal cardiac or vas-
cular communication. Treatment with bed rest,
low salt diet, mercurials, digitalis, and phlebotomy
was associated with disappearance of dyspnea and
edema. When studied after ten months of such
treatment arterial hypoxia and hypercapnia and
alveolar hypoventilation were still present al-



1544

though to a lesser degree than at the time of ini-
tial observation.

All of the physiologic abnormalities have been
attributed to the alveolar hypoventilation, but an
initiating mechanism for the alveolar hypoventila-
tion was not discovered.

Addendum

Since this paper was éubmitted for publication two ad-
ditional reports have appeared in which very similar
physiologic derangements are described (30, 31).
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