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During the past few years various studies have
been undertaken in this laboratory in an attempt to
elucidate the pathological physiology and nature of
polycythemia vera. Although the etiology re-
mains obscure, interesting data have been accumu-
lated on (1) blood oxygen saturation, (2) 02
consumption and CO2production, (3) diffusion of
gases across the alveolus-blood barrier, and (4)
bone marrow findings. The present paper is con-
cerned with a brief discussion of blood oxygen sat-
uration in polycythemia and the results of deter-
minations made on 74 subjects, 48 of whomwere
suffering from polycythemia vera. Subsequent
reports will cover the remaining phases of the in-
vestigations and others.

METHODS

The diagnosis of polycythemia vera was made by the
usual clinical and hematologic methods which included a
complete blood count, packed cell volume, and sternal
marrow aspiration. Blood volumes were done on some
patients employing the dye T-1824, radioactive colloids
of zirconium and yttrium (1), the COmethod, or by the
use of radioactively labeled red cells. Viscosity deter-
minations and circulation times were also done in most
cases. All patients had chest X-rays to exclude pul-
monary pathology, and no patient with a chronic cardiac
or pulmonary history was included in this series except
as noted in the cases of secondary polycythemia.

Blood was drawn from the resting patient anaerobi-
cally from either the radial or brachial artery, and the
oxygen content and capacity determined by the micro
gasometric technique of Roughton and Scholander (2).
Arterial capillary blood from the lobe of the ear drawn
anaerobically into a tuberculin syringe by means of a
small glass ear cup was found to give the same results,
and after sufficient controls had been done the ear method
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was used exclusively. In this method the whole ear is
warmed for one-half hour by placing over it an anes-
thesia mask containing a small electric bulb. After warm-
ing, a small incision with a No. 11 surgical blade will
produce a free flow of arterial capillary blood which can
be rapidly withdrawn into the syringe containing a drop
of mercury and previously rinsed with either heparin or
a heparin-fluoride mixture. After the blood is collected,
the ear cup is removed from the short rubber tubing con-
necting it to the syringe, and the tubing is turned on
itself and made airtight with a rubber band. The drop
of mercury is then used to mix the blood and anticoagu-
lant by rapidly turning the syringe from side to side.
The analysis must be made within a few hours, and the
syringe with blood must be kept on ice at all times ex-
cept when the actual determinations are being made.

RESULTS

For purposes of comparison the cases of poly-
cythemia vera were divided into two groups, those
with hematocrits below 50% and those above. A
total of 48 cases of polycythemia vera was ex-
amined on whom97 oxygen saturation determina-
tions were done, 70 by ear capillary method and 27
by the usual radial or brachial artery method
(Tables I and II). Analyses of the oxygen satu-
ration were also done in 18 normal persons (Table
III), in five patients with hypochromic anemia
(Table IV) and in three cases of erythrocytosis
secondary to chronic pulmonary or cardiac dis-
ease (Table V).

Eight cases of polycythemia vera had packed
red cell volumes below 50%. These patients had
been treated with either phlebotomies or radio-
active phosphorus before the oxygen determina-
tions were done. The average hematocrit was
44.5 -+- 0.62 and ranged from 41.5 to 46.8. The
blood oxygen saturation determined on ear capil-
lary blood ranged from 90.0 to 98.4%o with an
average of 93.9 -+- 1.1%. In four of these cases
arterial blood from the brachial artery gave a
slightly lower oxygen saturation, the results rang-
ing from 88.2 to 93.8%o with an average of 91.3 +
.3%o.
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TABLE I

Results in polycythemia vera with hematocrits of 50% or over

I ~~~~~~~~~~EarArtery
RBC Hem-- - - ___

Case No.
|

Hgb. x atocrt Blood Volume
|lOG/mm. at02oite0nt0m 0, 0C 0ita Time

Content Capacity Satu- Tm Content Capacity rationration rto

3.0
2.8

2.04-0.4

2.7
3.3
3.5

3.2

3.9 2.6
3.2 3.1
4.5 2.5

3.4

2.8
3.1
2.6
2.3
2.9

Vol. %
21.9
28.8
36.3
22.1
24.4

25.0
23.7
25.6
30.4
25.7

20.0
22.8
23.3
20.2
18.9

28.7
20.3
28.3
22.0
27.0

27.6
21.7
21.8
23.7
21.3

22.2
28.9
23.0
28.7
22.8

19.5
22.7
20.4
19.2
23.9

23.3
23.8
25.6
27.7
24.0

ol. %
22
31
37.8
23.0
24.8

26.6
24.1
26.6
32.8
27.6

22.0
24.1
24.1
22.2
20.0

29.9
20.6
29.6
24.1
29.7

30.0
22.2
24.0
24.8
22.1

23.0
31.1
24.6
30.8
23.2

20.3
24.8
21.4
20
25.1

25.3
25.0
26.7
28.9
24.9

95
93
96.2
96
98.5

94
98.4
96.2
92.5
93.0

91
95
96.8
91.0
92.4

96.1
98.5
95.5
91.4
92.5

92
97.5
91.0
95.5
96.5

96.5
93.0
93.3
93.0
98.0

96.0
91.5
95.4
96
95

92
95
96
96
96.5

hrs.
3
4
2
1
1

2
1
1
4
2

3
4
2
6
S

4
3
3
4
4

3
2
3
2
2

2
2
2
1
1

1
4
3
3
1

2
1
1
1

1

Vol. %

27.3
36.0
22.3

23.9

30.5

20.2

vol. %

30.4
37.6
23.0

24.3

33.2

22.2

90
95.8
97.

98.4

92.0

91.0

hrs.

S
3
2

2

4.5

4

28.1 30.0 1 93.8 4

22.9

20.0
22.0
26.0
27.6
23.8

24.4

21.2
23.0
26.9
28.7
25.0

94.0

94.0
95.5
96.5
96.0
95.0

Average 63.2 j l |1 94.7 94.5

1.5

2.5
2
2
2
2

The remaining 40 cases of erythremia had an Normal and hypochromic anemia cases ex-

average hematocrit of 63.2 1.8%o with a mean amined in the same manner yielded similar re-

oxygen saturation of 94.7 -+- 0.36% as determined sults, viz., 95.1 -+- 0.59%o and 96.0 +- 1.1%o, re-

on ear capillary blood. In 13 of these cases with spectively.
an average packed cell volume of 67.3 + 3.9%o, the The three cases of secondary polycythemia
large artery blood oxygen saturation was 94.5 =+ yielded low oxygen saturation, the results ranging
1.3%.o from 75 to 88%o with a mean of 79.0 -+- 4.5%o.

liters liters
RBC plasma

3.7
4.4

9.04-2.0

4.4
3.8
4.2

3.2

1
2
3
4
5

6
7
8
9

10

11
12
13
14
15

16
17
18
19
20

21
22
23
24
25

26
27
28
29
30

31
32
33
34
35

36
37
38
39
40

gms.
17.6
24.3
29.8
17.9
19.0

20.7
18.5
20.1
25.3
22.5

17.3
18.9
18.9
17.0
15.2

23.4
15.8
22.5
18.5
22.9

23.1
17.3
18.5
19.2
17.3

18
23.5
19.1
23.5
18

15.9
19.3
16.5
15.2
19.1

19.5
19.2
20.5
22.0
19.2

7.17
7.96
8.1
6.4
6.3

7.96
6.03
7.07
9.84
9.22

9.24
5.32
5.96
6.18
6.82

7.82
8.66
7.76
6.24

10.82

7.62
5.78
7.56
7.78
7.78

6.9
9.04

10.2
9.2
7.09

6.24
9.85
9.62
6.7
6.5

7.5
6.3
9.2
7.3
6.5

60
75
76
55.8
57.5

70
55
60.6
81
79

62
54
56
60
50

63
70
69
52
70

66
50.5
63
70
55

62.5
72.3
75.0
77
63

51
73
60
52
58

61
57
70
97
59

4.3

4.6
4.2
5.4
4.9
4.2
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TABLE II

Polycythemia vera with hematocrits less than 50%

Ear Artery
RBC __ema___to_Case No. Hgb. x emat Blood Volume

lOG/mm'. cri Q 0t 02 0 2
0

Satu- Time 0~ O Satu- Time
Content Capacity ration Content Capacity ration

liters liters
gms. % RBC plasma vol. % Vol. % % hrs. vol. % Vol. % % hrs.

1 15.9 7.34 46.8 2.8 3.2 18.9 21.0 90.0 4 18.5 21.0 88.2 5
2 13.9 5.48 45.5 16.4 18.2 90.0 4 16.4 18.2 90.0 5
3 17.5 5.8 42.9 22.6 23.0 98.4 2
4 18.0 5.62 46.0 3.1 3.6 22.0 23.5 93.5 2

5 14.9 5.42 41.5 18.6 19.5 93.8 3 18.7 19.6 93.8 4
6 16 5.56 46.0 19.8 20.6 96.0 1
7 13.4 4.93 43.0 16.3 17.5 93.0 3 16.4 17.5 93.5 4
8 14.9 6.66 45.0 18.8 19.6 96.3 2

Average 44.5 93.9 91.3

DISCUSSION for a series of 15 normal individuals (8). These
Few complete studies of arterial oxygen satura- figures compare favorably with those obtained in

tion in polycythemia vera are available. There is our study.
general agreement, however, among the scattered Bauer, Lawrowsky, and Skujin suggest after
reports that saturation is within normal limits. In studying a large series of patients, two of whom
a total of 14 reported determinations in uncompli- had polycythemia vera, that there is a lessened de-
cated polycythemia vera results ranged from 91.0 % gree of oxygen saturation of the hemoglobin as the
to 97.07o% (3-7), the average of 93.6% being amount of hemoglobin increases, so that the
slightly lower than an average of 95.5%o reported amount of oxygen carried by a given amount of

TABLE III

Results in normal subjects

Ear Artery
RBC Hemato-. _______

Case No. Hgb. X cilO6/mm'. crt 02 02 02 Time 02 02 02 Time
Content Capacity Saturation Content Capacity Saturation

gis. % vol. % vol. % % hrs. Vol. % vol. % % hrs.
1 15.6 5.1 46 20.1 20.5 98.2 1
2 15.8 5.2 46 20.7 20.8 99.4 3
3 12.9 4.4 42 16.8 17.0 98.9 1
4 15.6 5.3 47.8 18.6 20.3 90 2
5 15.3 4.95 44.0 18.7 19.9 94.7 1 18.9 20.1 94.0 2

6 15.8 5.4 48.0 19.4 20.8 93.3 1
7 15.5 5.2 46.8 18.6 19.0 98.0 1.5
8 14.3 4.65 42.4 17.1 17.9 95.8 2
9 13.4 4.45 43 16.7 17.8 93 2

10 17.0 5.6 48.4 20.8 22.5 92 3

11 15.1 4.9 44 19.3 20.2 95 2
12 15.4 4.7 42.5 20.8 23.1 90 1
13 15.5 4.5 42 16.9 17.7 95 2
14 14.3 4.7 42 18.4 18.9 97 2
15 13.6 4.4 43 16.7 17.7 94 3

16 16.0 5.2 46 19.7 21.2 93 3
17 15.8 5.25 47 19.4 21.1 92 3
18 15.3 5.01 45 20.0 20.3 98.5 1

Average 45.7 95.1
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TABLE IV

Results of oxygen saturation in anemia

Ear
Cas RBC Hemato__
No. Hgb. X atHemnt& -OS

lOS/mm.3 02r2itCon- Capac- Satu- Time
tent ity ration

Vol. Vol.
gMs. % % % % hrs.

1 11.3 4.05 33.9 14.2 14.8 95.7 1.5
2 11.7 4.5 39.2 15.0 15.5 97.0 2
3 9.6 3.6 26.3 12.3 12.5 98.9 2
4 12.5 4.45 37 15.3 16.1 95.0 2.5
5 11.0 4.2 35.0 13.6 14.6 93 2.5

Average 34.5 96.0

hemoglobin would be greater in a normal than in
a patient with polycythemia (9). In the series of
cases studied by us, patients with hematocrits as

high as 81%o- had normal oxygen saturation. In-
creased oxygen capacity with normal oxygen satu-
ration was reported by Altschule and his co-

workers although no figures were shown (10).
Moschowitz has used arterial oxygen saturation as

the important diagnostic criterion in differentiating
between uncomplicated polycythemia vera and sec-

ondary erythrocytosis due to hypertension of the
pulmonary circulation or prolonged mountain sick-
ness, saturation being normal in true polycythemia
(11). Hitzenberger in reporting normal arterial
oxygen saturation in six patients with polycy-
themia vera also stresses this point (6).

It has been suggested by Bansi and Groscurth
that the hemoglobin in polycythemia vera does not
give up its oxygen to the tissues as readily as does
normal blood (12). Isaacs, however, has shown
that in polycythemia vera the hemoglobin is nor-

mal in all respects, and the oxygen unsaturation of
venous blood is within normal limits (13). He
found the venous unsaturation to be about 5 vol.%,

the same as the average found by Harrop in 15
normal cases (8). Altschule and his coworkers
reported similar results (10).

Fitz interpreted normal arterial oxygen satura-
tion in erythremia as due to increased pulmonary
ventilation (14). Harrop and Heath studied alve-
olar gas diffusion in seven cases by determining the
diffusion constant for carbon monoxide, and while
finding the blood oxygen content to be high and
the saturation low but within normal limits, re-

ported a decrease in the pulmonary permeability
to oxygen (3). They measured blood oxygen sat-
uration in three of the patients immediately after
exercise, and found significantly lower figures than
they had obtained at rest. The failure to maintain
normal saturation during a time of increased meta-
bolic demand for oxygen, they felt, was linked to
poor pulmonary permeability.

Oxygen saturation of hemoglobin is a function
of the partial pressure of oxygen dissolved in the
blood. This pressure of oxygen is dependent on

the diffusion of oxygen across the alveolus-blood
barrier and is in equilibrium with the alveolar
oxygen tension of about 100 mm. Hg. Normal
oxygen saturation in polycythemia vera would thus
seem to signify a normal pressure of oxygen and
would further seem to indicate normal diffusion
across the alveolar membrane. This is supported
by additional experimental evidence to be reported.

It will be noted that the figures for oxygen sat-
uration we report as normal are lower by a small
percent than those of some other recent authors.
Comroe, for example, in arterial oxygen tension
studies reports an average pressure of oxygen of
93 mm. Hg corresponding to about 98%o oxygen

saturation (15). Direct spectrophotometric stud-
ies of the circulating blood of normal dogs by Drab-
kin and Schmidt have given saturation values of

TABLE V

Results of oxygen saturation in secondary polycythemia

Ear . Artery
RBC Hemato--

Case No. Hgb. lO/m' crit ,, 0 0

Content Capacity Saturation Time Content Capacity Saturation Time

gins. % vol. % 0ol. % % hrs. Vol. % gol. % % hrs.
1 17.0 6.58 58.0 19.5 22.1 88.0 3
2 17.4 7.5 63 17.3 23.0 75.0 1.5 17.6 23.0 75.2 2
3 18.5 8.1 65 18.6 24.5 76.0 3

Average 62 79.0 . 75.2
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TABLE VI

Results in 12 cases in which low arterial saturations were found

Ear Artery
RBC Hemato- - -___

Case No. Hgb. X Heimat Blood Volume
lOG/mm3. crit0 02 02 02

Conen CaactySatu- Time Conet Caact Satu- Time
Contet Capcityration Cotn aaiyration

liters liters
gms. % RBC plasma Vol. % vol. % % hrs. Vol. % vol. % % hrs.

1 14.2 8.25 48 2.9 3.1 16.8 18.9 88.8 18 16.8 18.9 88.8 18

2 15.95 6.74 55 20.3 21.2 96.1 3

3 15.4 4.78 44 19.6 20.5 95.5 2
15.8 5.4 46 18 21.1 85.4 8

4 14.35 5.39 46.4 16 18.9 85 6
18.5 7.51 55 22.6 24.5 92 4

5 19.3 7.89 57 23.3 25.7 90.5 5
14.9 5.88 47 17.7 19.8 89.8 7

6 17.1 6.2 47 19.3 22.7 85.4 8 20.0 22.8 88 7
15.0 4.57 42 17.7 19.9 88.4 10 17.2 19.9 86.5 9

7 14.0 5.2 45 16.0 19.1 84 7
8 15.0 4.53 44 16.8 19.9 84.4 6 16.7 20.0 83.5 6
9 14.5 7.56 46.1 16.2 19.3 84.5 11 16.2 19.4 83.5 10

10 21.0 7.35 65 25 27.9 89.4 9 24.4 28 87 8
11 18.9 7.9 60 21.7 25.2 86 6
12 15.95 5.75 56 18.3 21.0 87 7

Average 86.2 83.6

98.5 %; similar determinations carried out on nor-
mal human subjects gave figures as high as 98%o
to 99.3%o (16, 17). They concluded that determi-
nations performed by the usual gasometric tech-
niques are too low by about 2%o or more.

Ammundsen has shown that normal blood may
contain "inactive hemoglobin" equivalent to as
much as 2.5 vol.%o COcapacity (18). In analyz-
ing the errors of the gasometric method Roughton,
Darling, and Root conclude that traces of COHb,
which dissociate slightly during oxygenation to
increase the effective oxygen capacity, and the
conversion to normal hemoglobin of some of the
"inactive hemoglobin" described by Ammundsen
together with other minor factors give readings
which are too low by about 2%o (19).

In 12 cases studied at the onset of this investiga-
tion, a total of 16 oxygen saturation determina-
tions from ear blood and six from the radial ar-
tery were made and the results were very low
with an average of 86.2% (Table VI). Only
two of the ear determinations were within the
normal limits (95.5%o and 96.1%o 02 saturation);
the remaining 14 results ranged from 84%o to
92%o. The arterial oxygen saturation results in

six of these cases done at the same time ranged
from 83.5%o to 88%o with a mean of 83.6%o. Sub-
sequent determinations in four of these cases re-
vealed normal oxygen saturation results. It was
later demonstrated that these low results were
due to the fact that the blood was permitted to
stand for hours before the oxygen capacity was de-
termined. Correcting this error in technique in-
creased the values and brought the oxygen satu-
ration determinations closer to normal. In poly-
cythemia vera there is an increase in total circulat-
ing red cell mass and thus probably an increase in
carboxyhemoglobin and in inactive hemoglobin.
Unless the 02 content and capacity determinations
are done shortly after withdrawal of the blood,
there may be a release of the formerly unavailable
hemoglobin with a consequent increase in the oxy-
gen capacity leading to an erroneously low value
for the oxygen saturation.

It seems apparent that in the resting patient with
polycythemia vera, there is no great deficiency in
the saturation of the circulating hemoglobin with
oxygen. The values for the oxygen saturation in
all the conditions studied except secondary eryth-
rocytosis probably fall within normal limits.
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There is an increase in oxygen content and ca-
pacity which is proportional to the increased cir-
culating red cell mass. Where the hematocrit is
normal, the oxygen content and capacity are sim-
ilarly normal and the oxygen saturation is about
95%o. There of course remains the possibility
that during exercise there is significant unsatura-
tion as suggested by Harrop and Heath (3) and
this question is now under investigation in this
laboratory.

SUMMARY

(1). Arterial blood oxygen saturation in poly-
cythemia vera is within the limits of normal in the
resting subject. (2). Low oxygen saturation re-
sults may be due to many factors amongst which
are the inherent errors of any gasometric tech-
nique as well as the presence of traces of carboxy-
hemoglobin and inactive hemoglobin. (3). Gaso-
metric oxygen determinations must be done soon
after the blood is taken to prevent erroneously low
oxygen saturation results.
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