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INTRODUCTION

One of the outstanding features of polycythemia vera is the color
of the skin. Clinical descriptions employ the terms brick red, con-
gestive facies, cyanosis and erythrosis. Vaquez, who reported the
first observed case of this disease, noted cyanosis as the prevailing
tint. Osler thought that the color change was not that of cyanosis
but congestion or redness. Since the microscopic investigation of the
skin capillaries has shown definite and measurable variation of these
vessels in this disease, it seemed to us that a quantitative analysis of
the blood and vascular factors would add much to an adequate under-
standing of the color changes, and herewith report the results of such
analysis.

The color of the skin in cases of polycythemia vera is predominately
red but subject to marked variations. The redness affects largely
the facial and acral regions; the hands to the glove line, and the face
and neck to the decollete margin. The feet are usually less red than
the hands. The mucous membranes appear cyanotic when the skin
is definitely red. Cyanosis has not been observed in the conjunctiva;
this tissue has a bright red, or an injected or inflamed appearance.
On the trunk and proximal portions of the extremities color changes
are much less than on the more distal and facial areas. The skin over
the trunk and back may have the mild flushed appearance of a scar-
latiniform rash.

Clinical descriptions of the color of the skin in our cases by various
co-workers were "markedly red," "brick red," "reddish cyanosis," and
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"markedly cyanotic." Observation of the color by different or by
the same observers have shown variations during the same, and on
different, days. Redness is common during the warmer months, and
cyanosis during the colder months. In the cool period of early
morning, cyanosis is more marked, and at mid-day, less marked.
Age and sex seems to play a part. Younger persons are less cyanosed
than older ones, and it seemed as if females were less cyanotic than
males. In brief, the color of the skin in cases of polycythemia vera
in the acral and facial areas, is that of erythrosis, with a marked
tendency toward cyanosis.

COMPONENTSOF SKIN COLOR

The color of the normal Caucasian skin is a complex composite of
several factors, and subject to many variations incident to environ-
mental, psychic, and postural influences. In attempting to differenti-
ate the various components the following are the most important data.

The major factor is the blood content of the vessels of the skin,
which is affected by the following variable factors: (1) the absolute
amount of circulating cells and hemoglobin, and (2) area of exposure
of the capillary blood, which depends on the number of open capil-
laries for each unit of surface area and the area of the exposed portion
of the capillary loops; the minor factors are (1) the thickness and
pigment content of the epidermis; (2) the color of the plasma, as in
jaundice; (3) variations in the oxygen unsaturation of the capillary
blood, and (4) color effects of the superficial venules.

For estimating the relative importance of the major and minor
factors, very little information is available other than that from the
blood. There is no available information on the capillaries, and the
thickness and color values of the epidermis, the latter of which may
become of major importance, as in Addison's disease. Pigmentation
is not an outstanding features of polycythemia vera, although the
effect of weather exposure with tanning undoubtedly is of some im-
portance in determining the areas of greatest erythrosis.

Quantitative estimations of the color of the plasma can be obtained
by determining the bilirubin content of the blood serum. When this
substance has a concentration of about 5 mg. or more for each 100 cc.
of plasma, jaundice is recognizable in the tissues.
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The amount of the oxygen unsaturation of the capillary blood deter-
mines the presence of cyanosis. Lundsgaard and Van Slyke have
shown that a normal range of venous oxygen unsaturation in a patient
with polycythemia vera is 5 to 6.6 per cent by volume. Cyanosis
becomes -isible in the skin when the mean oxygen unsaturation of the
capillary blood is in excess of 6 per cent by volume. They attribute
the marked tendency toward cyanosis to two conditions: the in-
creased content of hemoglobin, which magnifies the existing oxvgen
unsaturationi; and the abnormal condition of the capillaries as relating
to changes in number and width. The rate of capillary flow is
probably an important factor.

The part played by the superficial venules in producing the color
of the skin is not known. Goldschmidt and Light have shown a type
of cyanosis, not related to oxygen unsaturation and probably (lue to
increased peripheral venous pressure.' This form of cyanosis is
observed with the hand in the pendent position and is relieved by
elevation.

METHODSOF INVESTIGATION

Studies were carried out tc determine: (1) the average number of
capillary loops for each square millimeter of skin in normal persons
anid in patients with polycythemia vera, (2) the relationship of the
number and area of open capillaries to the total blood and hemo-
globin volumes, and (3) the ratio of the total area of exposed capillary
blood to each square millimeter of skin surface.

FiveS patients presenting the typical clinical syndrome of poly-
cythemia vera were observed. The spleen and liver were enlarged in
all. The blood volume, number of erythrocytes and percentage of
hemoglobin showed the large increases typical of this disease.

The total circulating cell, plasma and hemoglobin volumes were
determined by the dye method, according to the technic described by
Keith, Rowntree, and Geraghty, except that Congo-red instead of
vital red dye was employed. The total circulating hemoglobin was
determined by multiplying the total circulating blood volume by the
grams percentage of hemoglobin. The hemoglobin was determined by

1 WN-e have obtainied increased values for oxygen unsaturation of the arterial
blood in one case.
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SKIN CAPILLARIES IN POLYCYTHEMIA

the acid hematin method, using the permanent standard of Haden.2
The nail-fold capillaries were examined by the Lombard method.
The technical details have been described in former papers. In-
stantaneous photomicrographs (Sheard's technic) of the capillaries,
the nail-fold vessels and skin over first and second joints were made
(figs. 1 and 2). The films were projected on a screen and a total
magnification of 750 diameters was obtained. The irregular areas,

FIG. 1 FIG. 2
FIG. 1. PHOTOMICROGRAPHOF SKIN CAPILLARIES AT THE NAIL-FOLD IN A YOUNG

NORMALSUBJECT3
Note the collecting venules and capillary bed (X 25). Time of exposure one-

tenth second.

FIG. 2. PHOTOMICROGRAPHOF CAPILLARY ToPs IN THE SKIN IN THE FIRST JOINT
IN THE SAMEPERSONAS IN FIGURE 1 (x 25)

Time of exposure one-eighth second

representing the capillary areas or exposed capillary blood, were traced
on paper and the dimensions obtained by the use of a planimeter.

The total area of the exposed capillary blood was computed by
obtaining the average of ten such areas and multiplying by the average
number of open capillaries for each square millimeter of skin area.

2 Fifteen and six-tenths grams of hemoglobin for each 100 cc. of blood was taken
as the normal, 100 per cent.

I All photomicrographs reproduced in this paper are made from the original
untouched negatives,
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TABLE 1

Measurements of the capillaries of the skin in cases of polycythemia vera and of controls*

Ratio of
Average Nubr area of
area of Nubrof capillary

blood vii capillaries blood
C'ase Age Sex Clinical diagnosis Region examined ble in visible in exposure

capillary,t millimeter unit (I sq.
skin are,
per cent

Nail-fold 0.0038 45 17.0
1 57 AM. Polycythemia vera First joint 0.0007 80 5.6

L Second joint 0.0020 56 11.2

Polycythemia vera mild Nail-fold 0.0033 52 17.2
2 62 M. essential hypertension First joint 0.0008 85 6.8

L Second joint 0.0044 46 20.2

Polycythemia vera, Nail-fold 0.0041 40 16.4
3 58 Al. severe hypertension First joint 0.0021 70 14.7

Second joint 0.0030 65 19.5

f Nail-fold 0.0036 42 15. 1
4 37 F. Polycythemia vera First joint 0.0013 65 8.5

l Second joint 0.0018 88 15.8

Nail-fold 0.0052 38 19.8
5 52 M. Polycythemia vera First joint 0.0012 108 12.9

Second joint 0.0048 50 24.0

Average values .0.0028 62 15.0

Nail-fold 0.0031 25 7.7
26 M. Normal First joint 0.0007 38 2.7

Second joint 0.0008 50 4.0

Nail-fold 0.0021 42 8.4
32 F. Normal First joint 0.0005 40 2.0

Second joint 0.0009 53 4.8

Average values .0.0013 41 4.9

* All data are from the right hand.
t Five to 10 areas averaged in each.

The ratio of the area of the capillary blood exposure to a unit area of
skin (1 sq. mm.) was calculated.

A slight error exists in this type of investigation, because of the
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shifting of the number of open capillaries in the skin and irregularities
in the areas measured. A series of comparative photomicrographs of
the same area taken over a short period of time under controlled con-
ditions showed only a slight variation in the number of open vessels.
There are also a number of capillary loops in the deeper layer of the
epidermis which are not visable but probably play a part in determin-
ing the color of the skin. The venules likewise contribute to the color,
but we could not convince ourselves just how important they are.

TABLE 2

Blood anid capillaries in cases of polycythem;tia ver(a

Hemoglobin Blood Plasma a:

O0 0d 0X_o . Color of skiii

x~~~~~~~~vt cynoi

'5 ~~~~~~~~U U~ Uv5CZ
2 0 0 0

1 26.0 171 7.00 14 700 180 3,670 46 3, 700 62 1 2 Mlarked erythrosis
with cyanosis

2 24.5 161 502 8)580 136 3,430 54 2,100 61 15 Mild erythrosis
3 31.1 195 7. 00 12 400 213 3,600 62 3, 850 98 19 Marked erythrosis

and cyanosis
4 19.0 125 6.90 7, 700 167 2, 250 48 1,490 65 14 Mild erythrosis
5 23.4 153 16.12 11,000 173 5,300 52 2, 590 60 17 Moderate

throsis

15.6 1004.50 5,100t 85 3,000t 50 800 41 4.9 Average normal
values

* Per cent.
t Calculated for a person with body weight of 60 kg.

On the microscopic examination of the skin of many patients the color
between capillaries is very light, whereas that of patients with other
diseases, especially polycythemia vera, shows a pinkish tint in the
deeper layers. There is no doubt, however, that the greatest amount
of color is contributed by the capillary blood.

The intensity of the cyanosis varied according to the environ-
mental temperature. The average number of open capillaries in
cases of polycythemia vera varied from 38 to 108 for each unit area
of skin, averaging 62 (table 1). We were not able to demonstratc
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any marked variation in the number of capillaries in the same subject.
The conditions of the examination were quite comparable.

An average of 41 loops (range 25 to 53) for each unit area of skin
was found in the normal subjects (table 1). The average area of the
capillary summit, or the area of exposed capillary blood, in the patients

TABLE 3

The effect of the redtction of the blood on the area and nutmber of capillaries in cases of
polycythemia vera

Hemoglobin -

00Nail-fold~ =3 4

4I .Ou - ~ 44z &Ar 0. 0

0 Nlo 0
XAv. 0. 09 0 .

Nail-fold 0.0036 42 15.

6/29/25| 19.0 125 71,700 1,490 Fis ScndJoint | 0.)°00137 65 8.5......L

co , Seod oit 0.0 01 88 15.8c

5co|llll | Average 0.0023 65 |1 .1

f Nail-fold 0.0028 302 8.4
6/20,'25| 9.| 125 7,700 | 90 |First joint 0.0012 265 3.

'Second joint 0.0018 46 8.38

Average 0.0019 30 63.6

with~ ~ ~~~~~~ ~Nflfl0ol0028mi30rwa8.08q m hi smr4tawc

7/11/58.7 57 4,SO 3S
First joint 0.00121 70 314.

4/2/2 23.4(0.00153 11,00 290 Second joint 0.0030 46 9.5

Average 0.0031 65 16.8I ( ~~~~~~~~~Nail-fold 0.00241 32 76.7
4/28252.4 53 1,000 590First joint 0.0009 45 14.1

I5/201/25 9.5 62 5,050 630,
is on .09 4

Second joint 0.0012 36 4.3
Average 0.0015 37 5.3

with polycythemia vera was 0.0028 sq. mm. This is more than twice
the area (0.0013) found in the normal subjects.

The ratio of the total area of exposure of the capillary blood to each
square millimeter of skin surface averaged 15 per cent in the cases ot
polycythemia vera (table .1). This is three times greater than for
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FIG. 3
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FIG. 4

FJG. 3. SKETCHOF BLOODAREASIN CAPILLARY ToPs IN A CASEOF POLYCYTHEMiIA
V"ERA, FIRST JOINT, BEFORETREATMENT. X 750 (Reduced 3-)

FIG. 4. SKETCHOF BLOODAREAS IN CAPILLARY TOPS IN THE SAMEREGION OF

THE SKIN AS IN FIGURE 3, AFTER TREATMENT. X 750 (Reduced 3)

FIG. 5 FIG. 6

FIG. 5. PHOTOMICROGRAPHOF THE SKIN CAPILLARIES AT THE NAIL-FOLD IN
CASE OF POLYCYTHEMIAVERA, BEFORETREATMENT. X 25

Time of exposure one-tenth second
FIG. 6. PHOTOMICROGRAPHOF THE SKIN CAPILLARIES AT THE NAILFOLD IN CASE

OF POLYCYTHEMIAXERA, SAMESKIN REGION AND SAME FINGER AS 1N

FIGURE 5, AFTERTREATMENT. X 25

Time of exposure one-tenth second
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normal subjects (4.9 per cent). The area of greatest capillary blood
exposure was found in the nail-folds and the skin near the second joint.

There is no constant relationship or parallelism between the degree
of increased volume of the blood and the number of open capillaries
(table 2). The relationship was fairly constant between the area of
exposed capillary blood and the blood and hemoglobin volume. In
Case 3 is shown the greatest increase in the volume of the blood per

JC 04 7":3T '

FIG. 7 FIG. 8
FIG. 7. PH-OTOMICROGRAPHOF THE CAPILLARY Tops IN CASE OF POLYCYTHEMIA

VERA, SKlN AREAIN REGIONOF FIRST JOINT BEFORETREATMENT x 25
Time of exposure one-tenth second

FIG. 8. PHOTOMICROGRAPHOF THE CAPILLARY ToPs IN CASE OF POLYCYTHEMIIA
VERA, SAME SKIN AREA AND SAME FINGER AS IN FIGURE 7, AFTER

TREATMENT. X 25
Time of exposure one-eighth second

kilogram and hemoglobin with the greatest number of open capillaries
and the greatest ratio of capillary blood exposure to each square
millimeter of skin.

The capillary and blood factors before and after reduction of the
blood volume by treatment with phenylhydrazin have been studied
(figs. 3, 4, 5, 6, 7 and 8). In Case 4 (table 3), the ratio of the total
area of exposed capillary blood to each square millimeter of skin was
13.1 per cent and the average area of visible capillary blood in each
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loop was 0.0023 sq. mm. The average number of loops was sixty-five
for each square millimeter of skin area. The blood volume was
reduced to 4,380 cc. and circulating hemoglobin to 380 grams. The
ratio of the area of the exposed capillary blood to a unit area of skin
diminished to 6.6 per cent and the average number of loops to thirty,
while the average area of the visible capillary blood diminished to
0.0019 sq. mm. In Case 5 (table 3) the blood volume was reduced by
treatment. The ratio of the total area of the exposed capillary
blood to unit area of skin decreased from 16.8 to 5.3 per cent. The
number of loops and the average area of the visible capillary in each
loop decreased one-half.

DISCUSSION

The color of the skin in cases of polycythemia vera is due largely to
one primary factor, the large increase in the circulating cells and
hemoglobin; and two modifying factors, the number of capillaries for
each unit area of skin and the area of capillary blood exposed in each
capillary. The circulating cell volume, according to the dye method, is
increased approximately 75 to 100 per cent above the average normal.
As a result of the large increase in the blood volume the capillary bed
of the skin assumes a storage function. As has been shown, this
involves chiefly the venous segment, which portion extends well over
on the arterial side of the loop. Proximal to the nail-fold area the
skin capillaries are arranged at right angles to the skin surface, so
that only the summits or crests of the loops are visible but this portion
is distended and its area is measurably enlarged. The area of the
capillary crest was approximately double that in normal subjects.

Further accommodation for the increase in blood volume is made by
an increase in the number of open capillaries. Our data show an
average of sixty-two loops for each square millimeter of skin area in
cases of polycythemia vera, as compared to forty-one in normal sub-
jects, an increase of 50 per cent. The ratio of the area of exposure of
capillary blood to each square millimeter of skin was found to be three
times greater than in normal skin. These data indicate that capillary
distention is more important than numerical increase in the number
of loops; this is further emphasized by the effect of blood reduction
on the size and number of capillary loops.
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The increase in the capillary measurements exceeds the increase in
the blood elements; thus the capillary factors in the production of
erythrosis are apparently the most important, although their varia-
tions are of course dependent on the augmentation of the blood
volume.

The response of the capillaries to the reduction in the cell volume
following treatment varied somewhat in the two cases studied. In
both, the greatest change occurred in the number of open capillaries,
which was reduced about 50 per cent.

It is difficult to determine the importance of the venules in the
production of erythrosis in cases of polycythemia vera. These vessels
are not clearly visable but contribute somewhat to the color of the
skin as the tissue has a pinkish tinge between the capillary loops.
The superficial venules of the cheek and nose are dilated in a few
patients, especially those subject to exposure to the wind and sun.
The areas of venous dilatation show cyanosis to a marked degree, as
would be expected.

SUMMARY

The large increase in the circulating volume of erythrocytes in
cases of polycythemia vera produces distention of the blood vessels,
the venous vessels assuming the larger portion of this increase. The
capillaries of the skin become distended, more markedly in their venous
portion; and additional capillaries are formed. These changes have
been studied quantitatively by photomicrographic methods, and com-
pared to similar data obtained from normal subjects. The ratio of
the total area of visible capillary blood to a unit area of skin is de-
termined and found to be definitely increased. The demonstrable
increase in the size and number of the capillaries exceeds the changes
in the blood. There is a gradual decrease in the size and number of
capillaries with reduction of the cell volume.
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