CASE REPORTS

replacement by a responsive tumor, rather than
depression of marrow function by previous che-
motherapy. This concept of therapy is common-
place in the treatment of hematologic malignan-
cies and may also become commonplace for
carcinoma as response rate and therapeutic indices
for these tumors improve.!%1¢

Summary

A 50-year-old man with oat cell carcinoma
developed pancytopenia with severe thrombo-
cytopenia while receiving localized radiation ther-
apy. Smears of a bone marrow aspirate revealed
complete replacement by “blast-like” cells re-
sembling acute lymphoblastic leukemia. Bone
marrow biopsy specimens resolved the diagnostic
confusion, showing invasion of normal marrow by
carcinoma. Prompt treatment with combination
chemotherapy resulted in a complete bone mar-
row remission, documented with repeat biopsy
and subsequently at postmortem examination.
This case illustrates how metastatic carcinoma
may occasionally mimic acute leukemia causing
pancytopenia and replacement of marrow smears
with abnormal cells. Pancytopenia in this instance
should not be considered a contraindication to
chemotherapy.

: REFERENCES

1. Kingsley-Pillers EM, Marks JE, Mitchell JS: Bone marrow
in malignant disease. Br J Cancer 10:458-464, 1956

2. Garrett JJ, Gee TS, Leiberman PH, et al: The role of bone
marrow aspiration and biopsy in detecting marrow involvement
by nonhematologic malignancies. Cancer 38:2401-2403, 1976

3. Anner RM, Drewinko B: Fr y and significance of bone
marrow_ involvement by metastatic solid tumors. Cancer 39:1337-
1344, 1977 )

4. Bunn PA, Cohne MH, Ihde DC, et al: Advances in small
cell bronchogenic carcinoma. Cancer Treat Rep 61:333-342, 1977

5. Hansen H, Muggia F: Staging of inoperable patients with
bronchogenic carcinoma with special reference to bone marrow
examinations and peritoneoscopy. Cancer 30:1395-1401, 1972

6. Eagan RT, Maurer LH, Forcier RJ, et al: Small cell car-
cinoma of the lung: Staging, paraneoplastic syndromes, treat-
ment and survival. Cancer 33:527-532, 1974

7. Clifford GO: The clinical significance of leukoerythroblastic
anemia. Med Clin N Amer 50:779-790, 1966 .

8. Weick JK, Hagedorn AB, Linman JW: Leukoerythroblasto-
sis: Diagnostic and prognostic significance. Mayo Clin Proc 49:
110-113, 1974 :

9. Eriksson S, Killander J, Wadman B: Leuco-erythroblastic
anemia in prostatic cancer—Report of two cases with complete
haematological remission. Scand J H: t 9:648-653, 1972

10. Giloy ED, Bondy PK, Morgan RL, et al: Combination
chemotherapy for small cell carcinoma of the lung. Cancer 39:
1959-1966, 1977 .

11. Gralnick HE, Galton DAG, Catovsky D, et al: Classifica-
tion of acute leukemia. Ann Intern Med 87:740-753, 1977

12. Coleman CN, Williams CJ, Flint A, et al: Hematologic
neoplasia in patients treated for Hodgkin’s disease. N Engl J
Med 297:1249-1252, 1977

13. Reimer RR, Hoover R, Fraumeni JF, et al: Acute leuke-
mia after alkylating-agent therapy of ovarian cancer. N Engl J
Med 297:177-181, 1977

14, Kiang DT, McKenna RW, Kennedy BJ: Reversal of myelo-
fibrosis in advanced breast cancer. Am J Med 64:173-176, 1978

15. Carbone PP, Pauer M; Band P, et al: Chemotherapy of dis-
seminated breast cancer—Current status and prospects. Cancer
39:2916-2922, 1977

16. Young RC: Chemotherapy of ovarian cancer: Past and
present. Semin Oncol 2:267-276, 1975

500 DECEMBER 1978 -+ 129 - 6

Refer to: Eisenberg RL, Hedgcock MW, Wara WM, et al: Ra-
diation-induced disease of the carotid artery. West J
Med 129:500-503, Dec 1978

Radiation-Induced
Disease of the
Carotid Artery

RONALD L. EISENBERG, MD
MARCUS W. HEDGCOCK, MD
WILLIAM M. WARA, MD

R. BROOKE JEFFREY, MD
San Francisco

A RARE BUT SERIOUS complication of radiation
therapy to the neck is the development of radi-
ation-induced disease of the carotid artery. We
wish to (1) present an additional case of radi-
ation-induced carotid artery disease and (2) re-
view the clinical and angiographic findings of
this unusual entity.

Report of a Case

A 7T2-year-old man had a three-year history of
dizzy spells, occasionally accompanied by blurred
or double vision and lasting two to three minutes.
These were brought on by rising suddenly or
turning his head rapidly. Nine years previously
he had undergone excision of a moderately well
differentiated squamous cell carcinoma of the left
pyriform fossa together with a left radical neck
resection. Postoperatively he received irradiation
therapy utilizing a cobalt 60 apparatus to a single
left neck portal (14 X8 cm). The maximum left
neck skin dose was 7,154 R with a calculated
tumor dose at 4 cm of 6,045 R given in 42 frac-
tions over 60 elapsed days. At completion of ir-
radiation the residual tumor had disappeared,
dnd the patient has been free of recurrent disease
for the past nine years.

On admission the left carotid pulse was absent.
A left subclavian bruit was present, and a blood
pressure difference was noted between the two
arms (right 130/70 mm of mercury; left 108 by
palpation). Findings on physical examination
were otherwise within normal limits. Angiogra-
phic studies showed that a 7-cm, smooth, 95
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percent stenosis involved the left common carotid
artery from 5 cm above its origin from the aortic
arch to 2 cm below the carotid bifurcation (Figure
1). The bifurcation showed no evidence of ather-
osclerotic disease. There was a 1-cm segment of
severe narrowing of the left subclavian artery, 5
cm distal to the origin of this vessel from the
aortic arch (Figure 2). There was a short, severely
narrowed segment of the right internal carotid
artery 2 cm above the bifurcation and a relatively
long area of moderate narrowing in the common
carotid artery (Figure 3). Minimal irregularity
of the proximal portion of the right subclavian
artery (Figure 3) was also noted.
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Figure 1.—Radiograph showing a long smooth stenosis
(arrow) of the left common carotid artery.

At surgical operation, findings consistent with
atherosclerotic disease were seen involving both
the right common carotid and internal carotid
arteries; transendarterectomies were done in these
areas. Since the patient’s symptoms had decreased,
and in view of the difficulty of operating on pre-
viously irradiated tissue,' decision was made not
to operate on the left carotid artery.

Discussion

Ours is the sixth reported case of a patient with
angiographic demonstration of radiation-induced
disease of the extracranial carotid artery. Two
general patterns of involvement have emerged.
One is severe smooth narrowing of the carotid
artery over a long segment that spares the carotid
bifurcation (where atherosclerotic disease gener-
ally occurs) while involving areas not usually
affected by atherosclerotic disease. In our patient,
a 7-cm segment of the common carotid artery was
severely narrowed; in the case reported by Levin-
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Figure 2.—Radiograph showing short, severely nar-
rowed segment of the left subclavian artery (white
arrow). The severe stenosis of the proximal left com-
mon carotid artery is also shown (black arrow).
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son and co-workers,? a long segment of the in-
ternal carotid artery was similarly affected. In
neither instance did the carotid bifurcation show
atherosclerotic change. In Conomy and Keller-
meyer’s patient,” thrombotic occlusion of the
internal carotid was seen; in addition, a serpen-
tine intraluminal defect was seen at the carotid
bifurcation. The other manifestation of radiation-
induced disease of the carotid artery is diffuse,
irregular ulcerative lesions. The lesions may be
associated with short stenoses? or with moderate
dilatation* of the carotid artery. As with the long
smooth stenoses, the ulcerative lesions tend to
occur at sites usually unaffected by atherosclerotic
disease.

The changes in the right carotid artery seen at
surgical operation in our patient were thought
not to be directly attributable to irradiation dis-
ease. However, since these areas were in the
region of the radiation port (though well removed
from the level of maximum dosage) the possi-
bility that irradiation accelerated atherosclerotic
change must be considered.??

Figure 3.—Radiograph
showing short, severely
narrowed segment of
the right internal ca-
~ rotid artery 2 cm above
_ Dbifurcation (white ar-
row) and a large area
of moderate narrowing
of the right common
carotid artery (black ar-
row). Minimal irregu-
larity of the proximal
portion of the right
subclavian artery is
also seen.
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Radiation-induced disease has also been de-
scribed in the subclavian artery after radiation
therapy for carcinoma of the breast.>%!> Angi-
ography in these cases revealed short segmental
stenoses, similar to the appearance in our case.
Radiation-induced disease involving aorta,*2°
iliac arteries,>'! femoral arteries®®%17 and coro-
nary arteries,?' has also been described.

Radiation-induced damage to the carotid artery
secondary to radiation therapy to the neck can
cause the clinical manifestations of cerebrovas-
cular insufficiency. Of the six cases with adequate
clinical data previously reported, three had sud-
den hemiparesis.>>" In one of these,” there had
been a single previous episode of hemispheric
ischemia which cleared in three days; in the
other patients,>* no history of previous transient
ischemic attack could be elicited. Two patients?*
had transient ischemic attacks only. In one pa-
tient,* the ischemic attacks were hemispheric,
consisting of unilateral hand and leg weakness
but no visual symptoms. In the other,? there were
daily attacks of blindness for six months with no
motor symptoms. One patient had a single sud-
den “drop attack™ attributed to generalized cere-
brovascular insufficiency due to combined carotid
and vertebral lesions.? In our patient, the over-
riding symptom was generalized cerebral insuf-
ficiency with decreased perfusion due to stenoses
of both common carotid arteries, the right internal
carotid artery and the left subclavian artery proxi-
mal to the origin of the left vertebral artery. The
visual symptoms were attributable to the carotid
lesions alone.

Several mechanisms account for the variable
symptomatology in patients with radiation-induced
disease of the carotid arteries.? Reduced retinal
perfusion produces transient visual disturbances;
reduced cortical perfusion produces transient
hemispheric ischemic attacks. Emboli from ul-
cerated lesions in the carotid artery can evoke
sudden hemiparesis as well as hemispheric ische-
mic attacks and transient visual disturbances.
When decreased blood flow in the carotid system
is combined with decreased perfusion in the ver-
tebrobasilar system (for example, vertebral or
subclavian artery stenoses), generalized cerebral
ischemia leading to “drop attacks” and dizziness
can occur.

Pathological examination of specimens from
patients with radiation-induced disease of large
elastic arteries has shown findings consistent with
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premature atherosclerosis and perivascular fi-
brosis.* There is marked thickening of the arterial
wall which may lead to partial or total obstruction
of arterial blood flow. This thickening involves
all portions of the arterial wall, but primarily the
adventitia. A narrow band of fibrin covering the
intima has been described, and necrosis of the
intima with intense subintimal edema has been
noted. Thinning and fragmentation of elastic fi-
bers is common. Polymorphonuclear neutrophilic
infiltration is widespread in areas of intimal and
subintimal necrosis. Fat-laden macrophages and
radiation fibroblasts are often seen.

Similar pathologic findings of accelerated ather-
osclerosis have been experimentally demonstrated
to occur following irradiation of large elastic
arteries in animals. Smith and Lowenthal?? showed
that irradiation in mice produced an increase of
ground substance and fraying of the elastic mem-
brane comparable with physiological aging. Gold®
produced intimal proliferation with medial de-
generation and fibrosis by radiating hypercholes-
terolemic rats; Lamberts and DeBoer'? produced
similar effects in hypercholesterolemic rabbits.
Sams'® described similar changes in the vessel
walls in irradiated mice and stressed the severe
degree of periarterial fibrosis, which he believed
constricted the artery. Lindsay and associates!?
created similar atherosclerotic changes by irradi-
ating segments of the aorta in normal dogs.
Marcial-Rojas and Castro'* studied radiation in-
jury to elastic arteries in patients treated for neo-
plastic disease and described rupture of major
blood vessels with fatal hemorrhage.

The exact pathogenesis of radiation-induced
disease is unclear. Rubin and Casarett'® described
occlusive changes.in the vasa vasorum of large
arteries after irradiation. These occlusive changes
could lead to ischemia of the arterial wall with
subsequent generalized necrosis. Marcial-Rojas
and Castro'* suggested that the initial damage is
caused by a local tissue effect, enhanced by the
subsequent obliterative vascular changes in the
nutrient arteries.

In view of the large numbers of patients whose
necks are radiated to high levels for upper airway
neoplasm and mediastinal adenopathy, the oc-
currence of radiation-induced disease of the ca-
rotid arteries appears to be rare. However, it
must be considered in any patient with transient

*References 2-7, 9, 10, 14-18, 20, 21.

hemispheric or visual ischemic attacks, sudden
hemiparesis, or generalized cerebrovascular insuf-
ficiency who has previously undergone radiation
therapy to the neck. Angiography may demon-
strate the characteristic findings of either a long
smooth narrowed segment or a diffuse ulcerated
segment, both in areas that usually are not af-
fected by atherosclerotic disease.

Summary

Radiation-induced disease of the carotid artery
is a rare but serious complication of radiation
therapy to the neck. Clinical manifestations in-
clude transient hemispheric and visual ischemia,
sudden hemiparesis and generalized cerebrovas-
cular insufficiency. Angiographic studies may
show severe smooth narrowing of the carotid
artery over a long segment or diffuse irregular
ulcerative lesions. These tend to occur at sites
usually unaffected by atherosclerotic disease.
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