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Case Presentation
THE PATIENT, a 56-year-old man of Finnish
descent, had a ten-year history of polycythemia.
In 1969, following an illness diagnosed as "Asiatic
flu," he experienced fatigue and recurrent epistaxis,
the latter finally stopped by cautery treatment. He
had previously had occasional nosebleeds, perhaps
three or four times a year, but at no time were
they severe. In 1970 a routine blood study showed
a hematocrit of 66. After initial phlebotomies
in March 1971 he was referred to a diagnostic
clinic, where it was noted that he also had pruritis.
In a blood volume determination, the "red cell
mass" of 47 ml of erythrocytes per kg of body
weight was noted; bone marrow showed erythroid
hyperplasia and blood uric acid levels were ele-
vated. An excretory urogram showed no abnor-
malities. The only additional finding was an
immune globulin spike of about 1 gram, which
was considered to be a benign gammopathy. A
diagnosis of polycythemia vera was made.

Because of the frequency with which phle-
botomy was required, in December of the follow-
ing year he was given pipobroman (Vercyte) at
a dose of 100 mg a day to control erythrocyte
production. After eight months of treatment, bone
marrow suppression occurred and the drug was
stopped. During the next four months some 14
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units of packed erythrocytes were transfused to
support his circulating hemoglobin. He was re-
ferred to the University Hospital in January of
1974, at which time hematocrit was 20, platelet
count 60,000 and leukocyte count 3,100 per cu
mm. On physical examination, in addition to pal-
lor, numerous focal vascular lesions up to 1 or 2
cm in diameter were noted. These were distributed
over the trunk; a hemangioma over the left
scapula was noted as well. The patient was not
certain but suggested the lesions had been present
for only a year or two. There was no family
history of similar vascular lesions, and examina-
tion of his two sons and mother showed no ab-
normalities. The patient's spleen and liver were
not enlarged on physical examination. There was
Bromsulphalein (BSP) retention of 19 percent. His
marrow hypofunction was attributed to pipobro-
man therapy, and the question' was raised as to
whether this drug was also responsible for the liver
dysfunction and vascular lesions.

Fluoxymesterone (Halotestin) therapy, 120 mg
per day, was begun, and his marrow function im-
proved during the following four months to the
extent that his polycythemia returned, although
his platelet count subsequently remained at about
100,000 and leukocyte count at about 4,000 per
cu mm. Between 1974 and 1979 the patient's
hematocrit was held in the low 50's by phlebot-
omy, but his exercise tolerance decreased to the
point that in early 1979 he discontinued his daily
three-mile run because of dyspnea and fatigue. On
the suspicion that severe iron deficiency produced
by phlebotomy was in part responsible for these
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TABLE 1.-Pulmonary Function Studies (August 1979)

Predicted
(percent of

Measured normal)

Vital capacity (liters) .... ....... 5.3 120
Total lung capacity (liters) ...... 8.4 124
Forced expired volume in

one second (FEV,) (liters) .... 4.3 123
Diffusing capacity (ml/min-mm of

mercury) (single breath, corrected
to Hb of 15 grams per dl) ..... 29.3 112

Alveolar gas uniformity (percent)
(AN2 per 500 ml) .... ........ O.S (normal<1.0)

Hb = hemoglobin; AN2 = changes in nitrogen distribution.

symptoms, therapeutic doses of iron were given,
which resulted in a substantial increase in the
amount of bleeding required to control his hema-
tocrit; some 17 phlebotomies were done in the six
months preceding admission.
He returned to the University Hospital in 1979

for evaluation of his persistent polycythemia and
fatigue. On that admission the large number of
spider-like vascular lesions over his upper thorax
seemed increasingly prominent. A few lesions were

also present on his lips and hands. Nasal and oral
mucous membranes were minimally involved. Ex-
amination of the heart showed a basilar systolic
murmur. There were no diastolic murmurs or

gallops, and a jugular venous pressure was nor-

mal. Examination of the lungs showed no abnor-
malities. The spleen was not palpable, the liver
dullness to percussion was 14 cm at the. midclavic-
ular line and no abnormal masses were palpable
in the abdomen. The fingernails were slightly
curved, with softened nail beds.

Laboratory studies showed the following: hemat-
ocrit 64, leukocyte count 4,600 and platelet count
109,000 per cu mm. Blood chemistry values were

normal except for bicarbonate concentrations,
which varied between 13 and 16 mEq per liter on
several determinations. The anion gap, blood urea

nitrogen and creatinine values and findings on

analysis of urine were all within normal limits.
Standard posteroanterior roentgenograms of the
chest showed no abnormalities. An electrocardio-

gram showed sinus rhythm and left atrial and
ventricular hypertrophy. Echocardiography sug-

gested a moderate degree of aortic stenosis. Pul-
monary function test findings (Table 1) were

normal. Arterial blood gas values were as follows:
partial pressure of oxygen (Po2) 62 mm of mer-

cury, calculated arterial oxygen saturation 93 per-

cent, partial pressure of carbon dioxide 26 mm
of mercury and pH 7.41. Arterial saturation at
night was monitored during sleep with an ear

oximeter and found to be stable at between 87
percent and 89 percent saturation. Because of
progressive exertional symptoms and documenta-
tion of aortic stenosis by catheterization, a pros-
thetic aortic valve was implanted at the patient's
community hospital in November 1979. His exer-

cise tolerance did not improve. In April 1980
further studies were carried out as indicated by
the following consultations to evaluate the cause

of the patient's polycythemia.

Hematology Consultation
CLEMENT A. FINCH, MD,* and
WARREN D. BOWMAN, Jr, MDt

THIS PATIENT was originally seen in 1974 when
his marrow function was suppressed, presumably
by the alkalating agent pipobroman. His poly-
cythemia, however, returned and was investigated
in 1979. At that time there were several findings
that indicated a need to reevaluate the original
diagnosis of polycythemia vera. There was no

evidence of excessive granulopoiesis or thrombo-
poiesis, and there was no splenomegaly. The con-

tinued suppression of granulocytes and platelets
from prior chemotherapy at a time when there
was excessive proliferation of erythrocytes seemed
atypical for polycythemia vera (where the affected
cell clone is expected to have a greater than nor-

mal sensitivity to myelosuppressive agents). More
important, the patient's vascular lesions and pro-

gressive hypoxia suggested another cause of the
polycythemia.

In approaching the diagnosis of polycythemia
systematically (Figure 1), the previous blood
volume determination was helpful. The value of
47 ml of erythrocytes per kg of body weight ex-

cluded a hypovolemic type of polycythemia (stress

*From the Division of Hematology, Department of Medicine.
tFrom the Division of Hematology, Department of Medicine,

Clinical Faculty; affiliated with Billings Clinic, Billings, Montana.
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Figure 1.--Diagnostic approach to polycythemia.

polycythemia), although this would seem unlikely
anyway in view of the severity and duration of the
condition.' The next major question was whether
the polycythemia was erythropoietin-induced or

whether it was the result of autonomous activity
of the erythroid marrow (polycythemia vera).
Here the essential measurement was that of plasma
or urinary erythropoietin at the patient's elevated
hematocrit level.2 A bioassay of the patient's
plasma carried out by Dr. John Adamson (Chief
of Hematology Section, Veterans Administration
Medical Center, Seattle, Washington, Oct. 12,
1979) in polycythemic mice showed an incorpora-
tion of radioactive iron by erythrocytes of 17.8±
7.0 percent (controls 0.5 or 1.0 percent), indicat-
ing an erythropoietin level far above normal. This
excluded polycythemia vera because erythropoie-
tin output is suppressed in this condition.3 The ele-
vated erythropoietin could have been a result of
hypoxia or an inappropriately high erythropoietin
output. While distinction between these categories
could probably have been made by following eryth-
ropoietin levels as the hematocnit was reduced by
phlebotomy, a number of indicators of hypoxia
had already been observed. There was mild club-
bing of the fingers, an arterial oxygen saturation
measured by ear oximeter of 89 percent and a

decrease in carbon dioxide-combining power. To
exclude an abnormality in erythrocyte metabolism
(2,3-diphosphoglycerate) or an abnormal hemo-
globin with a high affinity for oxygen,4 the oxygen

pressure required to half saturate the patient's

hemoglobin in vitro (P50) was determined and
found to be 30.8 mm of mercury as compared
with the normal value of 26.7 mm of mercury.

Using the measured P50 to calculate a saturation
for the original Po, determination of 62 mm of
mercury, the calculated oxygen saturation was 89
percent. Further studies were undertaken to eval-
uate the progressive arterial deoxygenation.

Pulmonary Consultation
H. THOMAS ROBERTSON, MD*

AT THE TIME of admission in August 1979, the
hypoxemia observed did not seem sufficient to
have accounted for the long history of polycythe-
mia. Generally, the arterial partial pressure of
oxygen (Pao,) must remain below 50 mm of
mercury to induce polycythemia of the degree
observed in this patient. However, a substantial
abnormality in oxygenation was present, masked
by compensatory hyperventilation. Using the
alveolar gas equation, an alveolar-arterial oxygen

difference of 48 mm of mercury was present, as

contrasted to the normal value of less than 20 mm
of mercury. This increase could be caused by pul-

monary or cardiac shunts, ventilation-perfusion
mismatching in the lungs or oxygen diffusion
limitation, although from recent studies, the latter

*From the Division of Respiratory Disease, Department of
Medicine.
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mechanism has not been thought to be clinically
significant.5 After breathing 100 percent oxygen
for 15 minutes, the patient's Pao2 value returned
to normal range (Table 2). This finding suggested
that hypoxemia was a result of'a severe ventilation-
perfusion mismatch rather than shunt, where de-
saturation would be only minimally improved by
breathing 100 percent oxygen. Ventilation-per-
fusion abnormalities of this severity ordinarily are
accompanied by severe airway obstruction and
gas maldistribut'ion. Because these findings were
not observed (Table 1), a second study was un-
dertaken to evaluate further the possibility of
intrapulmonary shunting. Arteriovenous shunts
within the lung are'held open during full inspira-
tion, whereas the normal alveolar microvasculature
is compressed; the reverse occurs during full ex-
piration.6 When this simple test was done, the

TABLE 2.-Arterial Blood Gas Determinations

Date of Test
8/79 4/80( 4/80

Oxygen concentration of
inspired air (percent) ....... 21 2

Pao2 (mm of mercury) ........ 62 5
Paco2 (mm of mercury) ....... 26 2
pH ......... ......... 7.41
Bicarbonate (mEq/liter) ....... 16 1
Oxygen saturation of
hemoglobin (percent) * ...... 88.8.

Paco2 = partial pressure of carbon dioxide (arterial
pressure of oxygen (arterial).

*Corrected for high P5o. (Pso= partial pressure
which hemoglobin is half-saturated with oxygen.)

TABLE 3.-Testing for Intrapulmonar

Inspired Oxygen 21 100
Concentration (percent) Tidal Tidal I
Breathing Maneuver Breathing Breathing Ins.)

Pao2 (mm of mercury). 48 467 43
Paco2 (mm of mercury) 29 29 2
pH ...... .... 7.45 7.44
Paco2 =partial pressure of carbon dioxide (arterial
pressure of oxygen (arterial).

TABLE 4.-Work Exercise Tes

Load (kpm/minz
Rest 100 300

Pao2
(mm of mercury) 60 48 47

Paco2
(mm of mercury) 31 30 29

pH .. ...... 7.40 7.40 7.40
V'o2 (liters/min) . . 0.338 0.513 0.751
4E (liters/min) ... 27 37 53
Paco2 =partial pressure of carbon dioxide (arterial
pressure of oxygen (arterial); Va =minute ventilatic
consumption.

21 100
50 558
28 28
7.39 7.39
16 16

78.9 99.9

patient was found to have the lowest Pao2 while
breathing 100 percent oxygen during inspiration,
and the highest Pao2 during expiration (Table 3).
We therefore reconsidered the possibility of an
intrapulmonary shunt.

Exercise studies were done to evaluate the pa-
tient's complaint of dyspnea (Table 4). The limit-
ing element in exercise performance can usually
be identified by means of electrocardiographic
findings, expired gas volumes and concentrations,
and arterial blood gas determinations.7 The pa-
tient showed a significant'limitation in maximal
exercise capacity-the oxygen volume uptake
was 18 ml per kg of body weight per minute as
compared to normal values of 30 to 35 ml-ac-
companied by a modest tachycardia but substantial
hyperventilation. Within one minute at 100 kpm
on the cycle ergometer, a level of exercise com-
parable to a slow walk on level ground, the arterial
oxygen saturation dropped from 88 percent to 81
percent. This degrv e of exertional hypoxia pro-
vided an adequate explanation for the serious
dyspnea and the polycythemia.

Nuclear Medicine Consultation
WIL B. NELP, MD*

I); Pao2 = partial RADIONUCLIDE PERFUSION-DISTRIBUTION studies
were done to verify the presence and the amount
of pulmonary-to-systemic shunting. The patient
received an antecubital intravenous injection of

ry Shunt technetium 99m macroaggregated albumin. The
1 Od injection contained 0.5 to 1.0 X 106 particles, with

Held Expira- a mean particle size of 40tx-sufficiently large for
piration tion trapping in the first capillary bed encountered.
38 497 This study, carried out while the patient was
7.46 7.44 resting (Figure 2A), showed the expected pul-

1); Pao2=partial monary perfusion pattern in the lungs, but also
showed significant shunting of particles, with label-
ing of tissues of the systemic circulation. In the

st anterior view (Figure 2A), one can see most
ute) clearly the flow to the brain and abdominal
500 700 organs. By total body imaging immediately fol-

lowing injection and computer analysis, it was
46 44 estimated that approximately 80 percent of the
29 28 injected activity was deposited in the lungs, while
7.39 7.37 20 percent of the activity bypassed the pulmonary
1.01 1.25 circuit to enter the systemic circulation.
72 101 Two days later the study was repeated (Figure

1); Pao2 =partial
)n; V02 = oxygen *From the Division of Nuclear Medicine, Department of Medi-

cine.
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A B
Figure 2.-Anterior gamma camera whole-body per-
fusion images following intravenous injection of tech-
netium 99m macroaggregated albumin. Figure 2A shows
shunting through legs to viscera and central nervous
system following injection of medium with the patient in
a resting position. Figure 2B shows the flow pattern
following injection at peak exercise, with prominent
shunting to muscles.

2B), this time when the patient had achieved maxi-
mum exercise on a bicycle ergometer (10.5 minutes
at 400 kpm per minute). The estimated systemic
shunt increased to 30 percent, and there was a
major shift in the distribution of the systemic flow
pattern because of the exercise. Note the sub-
stantial increase in relative flow to the leg muscles
and a relative decrease in the cerebral and visceral
components.
The macroaggregated, albumin-distribution stud-

ies confirmed the presence of a significant pulmo-
nary-to-systemic shunt and suggested that the
degree of shunting was increased during exercise.
This latter finding was consistent with the patient's
symptoms and pulmonary studies carried out dur-
ing exercise. Detailed imaging of the lung perfusion
pattern did not indicate exactly where the shunt
was. In addition, a xenon 133 ventilation study
gave normal results during inspiration, at equili-
brium and in washout phases.

Cardiology Consultation
KENNETH F. HOSSACK, MD*

THE LONG HISTORY of increased erythrocyte pro-
duction in this patient without overt arterial de-
saturation contributed to the difficulty in identify-
ing the underlying pathological condition. In
general, cardiovascular problems associated with
secondary polycythemia in this age group suggest
an intracardiac shunt with reversal of flow due to
pulmonary hypertension. The latter is a reaction
of the pulmonary vasculature to the initial in-
creased pulmonary blood flow.8 In the fifth and
sixth decades of life, an atrial septal defect is the
most common condition associated with this type
of abnormal pathophysiology. Rarely patients with
a patent ductus arteriosus or a ventricular septal
defect may survive into their sixth decade. There
are case reports of rare congenital abnormalities
associated with intracardiac right-to-left shunting,
and these include tetralogy of Fallot, ventricular
septal defect associated with pulmonary stenosis
and certain types of corrected transposition. In
this patient there were no physical findings or
electrocardiographic signs to support a diagnosis
of pulmonary hypertension. Both the roentgeno-
gram of the chest and the echocardiogram showed
normal cardiac configuration, thus making intra-
cardiac shunting extremely unlikely. This left an
intrapulmonary abnormality as a more likely cause
for the right-to-left shunt.

Catheterization was done to quantitate the
right-to-left shunt and to locate an anatomic area
of shunting. The likelihood of finding localized
areas available for surgical resection seemed re-
mote in view of the normal findings on the roent-
genogram of the chest. Previously reported case
histories of intrapulmonary right-to-left shunting
usually have been associated with pronounced
abnormalities shown on plane x-ray studies.9-1' In
Table 5 the hemodynamic and the oxygen content
data obtained at the time of catheterization are
presented. All the right-sided cardiac pressures
were within normal limits. A peak systolic gradi-
ent of 34 mm of mercury across the aortic valve
prosthesis was measured. The systemic blood flow
was 7.4 liters per minute (cardiac index is 4.1
liters per minute per sq m). The effective pulmo-

*From the Division of Cardiology, Department of Medicine.
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TABLE 5.-Hemodynamic Studies

Pressure Blood
(mm of mercury) Oxygen

Content
Phasic Mean (vol per dl)

Site
Superior vena cava ..... .. .. 13.5
Inferior vena cava ...... .. .. 13.0
Right atrium ......... .. 8 13.1
Right ventricle ......... 30/7 .. 12.7
Pulmonary artery ....... 30/15 18 12.8
Pulmonary capillary ... .. 12
Left ventricle .......... 149/10
Aorta ................ 110/68 84 16.6

Oxygen content data
Oxygen consumption=281 ml/min
Effective 281
pulmonary flow= =5.3 liters/mmn

(18.7-12.8) 10

Systemic flow= 281 =7.4 liters/min
(16.6-12.8) 10

Right-to-left shunt: 7.4-5.3=2.1 liters/min

nary blood flow was calculated assuming a 97
percent saturation of pulmonary capillary blood.
This value was 5.3 liters per minute, with a right-
to-left shunt of 2.1 liters per minute. Selective pul-
monary angiography was done and this showed
multiple small areas of increased blood flow con-
sistent with arteriovenous malformations. No dis-
crete large fistula was seen, consistent with normal
findings on the roentgenogram of the chest. Similar
negative x-ray findings have been reported to
occur""2 but are rare.

Dermatology Consultation
JOHN E. OLERUD, MD, and
GEORGE F. ODLAND, MD*

THE PATIENT had a blood vessel dysplasia involv-
ing primarily the skin of the trunk (Figure 3A
and B) and the lungs. The typical vascular lesion
was a pulsating spider angioma (Figure 3C). In
addition, a large vascular nevus seen on the back
was thought to be a port-wine stain in which a
nodular component had developed with advancing
age. Although several aspects of the clinical pre-
sentation were atypical, it seemed possible that
this patient's disorder represented a variant of
hereditary hemorrhagic telangiectasia. Osler, in
his classic description of that syndrome, charac-
terized three types of cutaneous lesions.'3 They

From the Division of Dermatology, Department of Medicine.

included pinpoint angiomas, spider angiomas
(which he felt were the most common) and the
nodular or split-pea variety, which he thought
might arise from the spider form. In a meticulous
study of skin lesions in more than 100 patients
with hereditary hemorrhagic telangiectasia, Bean
concluded that the characteristic lesion was a
pinpoint angioma.'4 When spider-like lesions were
present, Bean felt that they often could be clini-
cally differentiated from the vascular spiders seen
in pregnancy and cirrhosis by the relatively large
body and short legs forming the "spider" in hered-
itary hemorrhagic telangiectasia.

Epistaxis is the most frequent symptom in
hereditary hemorrhagic telangiectasia. It occurs in
90 percent of patients, frequently resulting in iron
deficiency and often requiring transfusion.'5 Ar-
teriovenous fistulae of the lungs are relatively
common and are usually visible on x-ray studies.
They have been diagnosed in 15 percent and 23
percent, respectively, of patients with hereditary
hemorrhagic telangiectasia from two large kin-
dreds.10"16 Telangiectasia and vascular malforma-
tions have been reported to involve the brain,
spinal cord,17 retina,18 heart, spleen, intestine,
liver'9 and a variety of other tissues. The family
history is positive in 70 percent to 85 percent of
the cases,20-22 and the disease characteristically
becomes manifest in the third decade of life.

This patient had several features that were
atypical for familial hemorrhagic telangiectasia,
in addition to an apparently negative family his-
tory. Except for a single three-month episode of
epistaxis, the patient had not had unusual bleeding
and his iron deficiency was attributable to the
many phlebotomies. The distribution of this
patient's lesions was predominantly over the trunk
as opposed to the usual distribution (in a decreas-
ing frequency) of face, lips, nares, tongue and
hands.23 The vascular lesions themselves more
closely resembled tiny arteriovenous fistulae rather
than the defective venules usually seen. Many of
the lesions had a central arteriole that was ele-
vated and pulsated vigorously. Thus, the essential
feature of this patient's vascular dysplasia ap-
peared to represent primarily many minute arteri-
ovenous fistulae present in both the skin and the
pulmonary vasculature.

Skin biopsy and cutaneous blood flow studies
were done in an attempt to clarify further the
anatomy and physiology of these lesions. Blood
flow studies were carried out by Dr. Allen Hol-
loway (Research Assistant Professor, Center for
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Figure 3.-Cutaneous involvement with vascular lesions is shown in Figures 3A and B. The large nevus on the
left scapula is thought to represent a port-wine stain, in which nodular changes have developed with advancing
age. Figure 3C shows a characteristic spider-like lesion with an elevated pulsatile center.

Bioengineering, University of Washington, Apr.
22, 1980), using a laser Doppler instrument.24
A very high arterial blood flow was found in the
center of the spider lesions, with a rapid decrease
in flow in the legs. The flow in the center of the
lesion was higher than could be measured by the
laser Doppler instrument. Rough calculations using
estimates of flow rates, vessel diameters and the
number of spider-like lesions suggested that they
could contribute to the high normal systemic flow.

Ultrastructure studies by Hashimoto and Pritz-
ker25 and by Menefee and co-workers26 in familial
hemorrhagic telangiectasia indicate that small
tortuous vessels in the uppermost layer of the
dermis have the morphology of a postcapillary
venule and describe irregular fibrotic thickening
of the wall of some vessels as well as replication
of the basal laminae. N6dl's27 description indicates
that in the middermis there are vessels with thick
hemilunar muscular coats, continuous with the
dilated thin-walled vessels, suggesting arteriove-
nous anastomosis. A biopsy specimen of a vascu-
lar spider from this patient showed linear vessels
extending for some distance through the dermis
parallel to the surface, near the junction between
the papillary and reticular dermis. These vessels
had thin endothelial walls, large lumina, an ir-
regular diameter and a uniform thickened and
cellular wall suggesting perivascular fibrosis. A
perforating "feeder" vessel was not identified. The
changes seen were generally similar to those of

familial hemorrhagic telangiectasia as previously
described.

Summary
The differential diagnosis of polycythemia con-

tinues to present difficulties. An initial diagnosis
of polycythemia vera based solely on an increase
in erythrocytes without increases in leukocytes
and platelets will frequently be wrong unless
erythropoietin is also shown to be suppressed.
Only with time and with increased exertional
dyspnea was hypoxia considered in this patient,
and the extent of hypoxia was not appreciated
until studies were carried out during exercise.
Vascular lesions on the thorax, later found to exist
in the lungs as well, consisted of multiple arterio-
venous aneurysms differing from the typical vas-
cular lesions found in familial telangiectasia. The
pulmonary lesions responsible for hypoxia were
not apparent on ordinary radiographs and their
physiological behavior was most unusual; tiny
anatomic shunts could be partially oxygenated by
high inspired oxygen concentrations. From a
clinical standpoint, the polycythemia overshad-
owed the obscure hypoxia-producing pulmonary
lesions. This case emphasizes the need for a
physiological approach to the diagnosis of poly-
cythemia.
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Information for Physicians and Patients About DES
FOUR PUBLICATIONS related to diethylstilbestrol (DES) exposure in utero are
available without cost from the National Cancer Institute. Two of the publications
are for health professionals: Information for Physicians and an illustrated Atlas
of Findings. Two updated and expanded pamphlets for distribution to patients
or the public also are available: Questions and Answers About DES Exposure
During Pregnancy and Before Birth and Were You or Your Daughter or Son
Born After 1940?

Please indicate number of copies desired when ordering from
Office of Cancer Communications
Department DES
Building 31, Room 10A19
National Cancer Institute
Bethesda, MD 20205
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