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Rare, solitary carotid body tumors of the neck have long been
recognzed and their hatersic histologic features desrbed.'-
More recently, multiple tmnors of simil architecture, occurrmg in
sites distant from the neck, have been studied. Rosenwasser4 re-
ported the first glomus jugulare tumor, and Kipkie,5 the first con-
currence of carotid body and glomus jugulare tumors. Craggs re-
corded a case of concurrent tumors of the carotid body and both
organs of Zuckerkandl, and Goodof and Lischer' described a case
in which a carotid body tumor was assocated with a microscopically
similar neoplasm in the pancreas. Tumors of his type have now been
reported from such sites as the middle ear, the nodose ganlion, the
aortic and carotid bodies, the orbit,8 the pancreas and the organs of
ZucerkandL To avoid use of terminology suggesting sympathetic
origin or specific sites of occurrence, the term "chemodectoma" used
by Mu9llign' seems preferable as a general term to indlude multi-
centric tumors microscopically resembling the carotid body tmor.
Although is term leaves much to be desired, it does emphasize
the physiologic role of the parent tissue without implying a speific
site or embryologic orign. The present report describes a case in
which four chemodectomas, induding two in the retroperitoneal
region were found at necropsy.

CASE REPORT
In 1935 at 20 yearS of age, the patient was examined in the Mas-

sachusetts Eye and Ear Infirmary because of deafniess in the left ear,
hoarseness, and difficulty in breathing through the left nostril. Exam-
iation showed firm swelling of the lateral pharyngeal and naso-
pharyngl walls extendng to the na Three biopsy specimens
revealed "chronic infl ation," and a fourth showed "cavernous
hemangioma." In April, 1936, the left carotid artery was ligated at
the level of the thyroid crtilage. Two days later the left pharyngeal
wall was explored, and a highly vascular fibrous mass was excised.
The patient remaied well for 5 years and returned to the hospital
* Received forp August I, x957.
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because of a nontender swelling in the right side of the neck which
had been present for one year. Roentgenograms showed marked right
retrophayngeal and lateral pynga swelling with disacement of
the hyoid bone and larynx to the left. A lymph node removed from
the right side of the neck above the carotid bifurcation, revealed
'lymphoid hyperpLasia." A short course of x-irradiation was given.
He re-entered the Mahusetts General Hospital n November,

I956, c ning of persistent har ss due to left vocal cord
paralysis, a dry cough,deafnek s of the left ear, and moderate diffi-
culty in swalowing solids. The left auditory c contained a mass
of foul-smelling gra n tissue. A firm mass, involving the left
side of the palate, obstructed the eustachian tube, and a sweUing of
the right pharyngeal wall extended into the pyriform us, producing
deviation of the larynx to the left. The base of the tongue was fixed
on the left, and both voal cords were immobile. A large, nontender,
nonpstile, firm mass was pre t in the right side of the neck,
extending above the mandible and protruding into the pharynx

Roentgenographic ni of the skull disclosed destruction of
the left middle fossa, the left petros apex and part of the labyrinth.
A barium swallow showed the valleculae and the pyriform sinus to
be displacd to the left but not invaded.

Exploration of the right neck revealed, at the carotid bifurcation,
a well encapulated purplish tumor which bled profusely. For this
reason, no attempt was made to remove it. Two days later, a mass of
hemorrhagic soft blue tissue was removed from the left external audi-
tory canal; mic ll this resembled a glomus jugulare tumor.
The patient had been exammined several times during the preceding

3 years becu of weakness and an inn of the blood
showed 84 to I04 gn. of hemoglobin per hundred cc., normal differ-
ential blood counts and a few bizarre red cells in the smear. There
was mild erythroid hyperplasia of the marrowr. On one occasion, the
urine urobilinogen was incrased. A diagns of low-grade hemolytic
anemia was made, and Meticorten therapy was begun The patient
died of bronchopneumonia in December, I956.

Pathologic Observations
Four distinct tumors of simi gross and microscopic appearance

were found at necopsy (Text-figure i).
A tumor measuring 8 by 6.5 by I.5 cm. was present in the right

side of the neck and exnded upard into the floor of the mouth
and dnward along the course of the common carotid artery. The
carotid bifurcation and a segment of the n carotid artery were
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embedded within the tumor. The cut surface of the mass revealed
slightly lobulat, exmely tough, pink-tan tissue (Fig.
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Text-figure z. Drawing incating the dtes of multric c-uectomas.

I), which was firmly ad t to the wafls of the carotid arteries
and to the subcuta us tissue bath the mandible. Multiple lymph
nodes, including two large nodes from the left neck, were free of
neoplasM. Tne left carid artery, which had been ligated previously,
was represented by a thin fibrous cord.
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When the brain was removed, a large, smooth-surfaced, dull pink
oval mass,m 6 cm. in diameter, projected from the left petrous
pyramid and encroached upon the left cereblar hemisphere and the
left cerebral pedunde. The entire petrous portion of the temporal
bone was removed by the method of Kelemen,1 decalcified and sec-
tioned. This tumor, composed of tough pink-tan tissue closely resem-
bling the lesion in the right side of the neck, etended ito the left
auditory cnal and represented the tissue from which sections had
previously been procured for biopsy.
The third and fourth tumors were discovered in the abdomen.

Lying above and behind the second portion of the duodenun, and
adherent to the inferior vena cava above the origin of the renal veins,
was an oval massm 7 by 6 bY 4 cm. This was covered by
a smooth red-tan membrane containing numerous dilated veins. The
cut surface exhibited extremely tough tissue divided into two distinct
areas: a pink-tan cortical region, I am. i thin, c ete sur-
rounding a central area composed of dense white fibrous tissue con-
taning flecks of calcareous terial. The other abd inal lesion was
a pink-tan nodule, I cm. in dimeter, which lay adjacent to but entirely
separate from the larger tmnor.

In the lungs there was evidence of acute, bilateral, confluent bron-
chopneumonia with absces containig aspirate food fragments.
The liver was congested, and the spleen, which weighed 390 gmi,
showed diffuse fibrosis.

Microscopic Description
Microscopic examination of tissue blocks fixed in Helly's fluid and

stained with hematoxylin and eosin, revealed simil histologic pat-
ters in the 4 individual tumors. The a e consisted
of nests of polygonal cells with moderate amots of deep pink cyto-
plasm and sa oval hyperhromatic nud&ei The cell nests were
surrounded by stands of connective tissue of variable width. In the
cervical mass, some of the cell clusters were en c by wide
bands of fibrous tissue, whereas other tumor cells were arranged in
irreguiar dumps sepated by narrow bands of connective tissue
(Fig. 3). The latter ptern pred ted in the intraranial and
small abdominal tumors (Figs. 2 and 7). In sections from the dense
central area of the larger abdominal mass, wide sheets of dense
fibrous tissue were seen; i this a few dusters of neolastic cells
were embedded (Fig. 5).

Occasional clumps of yellow-brown pigment re scattered in the
fibrous tissue in all the tumors. These gave a positive reaction for
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ironL Moderate-sized nerve fibers were present in the capsules of the
cervial lesion and the larger abdm l mass. Sections from all the
tmnors stained for reculM fibers showed strands of delicate fibrils
surrounding the clusters of neoplastic cels (Figs. 4, 6 and 8).

Histochemical Observations
Several hist ical procedures for the detection of enzymes,

carbohydrates, and lipids were performed on sections of the tumor
tissue.

Fresh frozen sections stained for esterase activity by the method
of Ravin, Zas and Seligman= revealed moderate cytoplasmic total
esterase acvity (Fig. 9). After physostigmine inhibition, marked
suppression of staining occurred, indicating the presence of signifi-
cant cholineerase activity. No attempt was made to distinguish
serum cholinesterase from acetylcholirase. Fresh frozen and
formalin-fixed sections stained for alkaline phosphatase by the Gomori
method1 disclosed no enzymatic activity in the tumor cells. Endo-
thelial cells in the stroma, however, were stained

Formaln-fixed sections embedded in paraffin and stained by the
periodic acid-Schiff method of McManusU exhibited rare cells with
intacytoplasmic PAS-positive, diastase-resistant granules. These were
believed to be macrophages. The cytoplasm of the neoplastic cells
was not staind Formalin-fixed, frozen sections stained for neutral
fat with Sudan m showed occasional smal intracytoplsmic fat
droplets in the tumor cels and larger droplets in scattered stromal
macrophages.
By means of the Baker1' procedure for determining phospholipids,

the cytoplasm of the tmor cells was seen to contain minute, deep
blue-gay granules (Fig. Io). Control sections cut from blocks which
had previously been extracted with hot pyridine revealed a few small
gray-black cytopsLsmic granules in many tumor cells. No meta-
chromasia appeared in frozen sections stained with toluidine blue.
In sections prepared by the chromate and iodate methods of Hillarp
and Hikfelt1 no chromaffin granules were observed. The adreno-
chrome method of Sevki'l was negative.

Blocks of frozen tissue from both the cervical and the abdominal
neoplas were exacted and tested for the presence of epinephrine
and norepinephrine* by the fluorometric method of Sobel and Henry.17
Neither mass contained epinephrine. Both contained very sma
amounts of norepinephrine (o.s iLg. per gmn).

* Grateful acknowedgnmt is due to Dr. Cares DuToit in whoe laboratory the
q rine a or VWn amys an the tumors were peformed ad to Dr. Phli

II. Leompte who the slid
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DIS;CUSSION

As stated in the introduction, neplasms resembling the carotid
body tumor have been found in sites unrelated to the carotid and
aortic bodies. Instc of lesions resembling carotid body tumors
microscopically have now been reported arisig in the glomus jugu-
lare, orbit, pancreas, and organs of ZuckerkandL The present case
iustrates multiple tmnors incuding two which were retroperitoneal.
The occurrence of multiple similr neopasms*AT"s raises the pos-

sibiity of metastases from malignant carotid body tumors. The lesions
found in the present case, however, showed no evidence of malig-
nancy or invasion of surrounding structures upon microscopic exami-
nation. Only a few acceptable example of metastass to mediastinal
lymph nodes, lung and bone are recorded in this type of neoplasm.18
A diagnosis of malin determined on the basis of the microscopic
characteristics of a primary tumor, in the abence of demonstrable
metastasis, must be considered inconclusive.1' It is believed, there-
fore, that chemodectomas arise independently in multiple foci.5'72"
The derivation of carotid body tissue has been the subject of con-

siderable discussion for many years. The acceptance earlier by
KohnI u of the sympathetic origin of this tissue has been questioned
by Hollinshead.2 The current evidence provided by Heymans and
Bouckaert,n Schmidt and Comroe" and others, suggests that the
carotid body is achemoceptor and not a gland of internal secretion.
The hypothesis of origin from sympathetic nerve tissue is based pri-
marily on incompletely established embryologic evidence and also on
the occasional reports of positive chromaffin reaction in carotid body
tumors.
Attempts to demonstrate a chraffin reaction by several methods

in the present case al failed. However, even if found, the chronaffin
reaction is inadequate evidence to indicate the presence of epinephrine.
Modern views of the chromaffin reaction's indicate that epnephrine
is oxidized to adrenochrome and then polymerized to form brown
pigment in the presence of oxdants such as dichromate or periodate.
This reaction occurs with polyphnols, aminophenols and ortho- and
para-polyamines and therefore is not specific for epinephrine.

Epinephrine could not be demonstrated by a chemical method in
the cse reported by Cragg,' and two bioassays of carotid body tumors
by LeCompte' revealed negligible vasopressor activity in one case
and moderate activity in the second. The chemical nature of the
substance responsible for vasopressor actity was not determined.
In the present case, a sensitive fluorometric method17 failed to dis-
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dose epinephrine in either the neck or the abdominal lesions. A smal
amount of norepinephrine, probably i with nerve ending,
was found. The lack of spefi chemical identification of epinephrine
in any of the recorded carotid body tunorsi that chemodec-
tom lack epinephrine and are not clearly of sympathetic orign.
For these reasons, the term "chemodectoma"' seems preferable to
"nonchrnaffim prganma" or "carotid body tumor" for tumors
arisng in sites other than the carotid or aortic bodie, even though
these other sites have not been proved to contain functioning chemo-
ceptor tissue. The fortuitous occurrence of abdominal chemodectomas
may indicate the presence of chemoceptor tissue in sites not previ-
ously reognized as part of the chemoceptor stem.
The histhemical detection of cholinesterase activity in the cells

of a chemodectoma is of interest although it fanls to shed light on
the origim of these cells. By eica means, Hoinshead and Saw-
yer," demonstrated small amounts of acetylcholinesterase and serum
cholinterase in the carotid body cells of the cat The serm type
choinesterase was dem ated histochemically in the carotid body
of the cat by Koelle.3 These observations fail to exclude or confirm
a sympathetic orign of this dssue, because adrewnal m la and
sympathetic ganglia also contain cholinesterase."31

Another previously undescribed observation made in the present
histochemical survey, was the finding of variable numbers of phos-
phoLipid granules in the cytoplasm of the tumor cells. Granular cyto-
plasm in carotid body tumor cells has been noted frequently.2
LeCompte attributed the existence of variable granularity n part to
technical manipulation. However, de Castro32 believed that apparent
chromaffin reactions in the carotid body were due to granular lipoid
substances in the cells. Hoinad2 confirmed the presence of cyto-
plasmic granules; however, he believed they were not lipids but
might be mitochondria More recent studies have indied that mito-
chondria are rich in phohoipid,33 and therefore the phospholipid
granules demonstrated by the Baker method may well be mito-
chondria.

SUMMARY
A 4V-year-old man was found to have 4 chemodectomas, one in

the right carotid body, one in the left glomaus jugulare, and two
in the retroperitoneal region. The probable origi of chemodectomas
in other sites than the neck suggests the possbility of normally

r cem tor tissue not previously recgnized in these areas.
The origi of these tumors from other than sympathetic tissue is

suggested by the abce of epinephrine.
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Histochemical tests revealed the presen of cholInsterase, phos-
pholipd and s l amounts of neutral fat but no glycogen in the
ctoplasm of the nelastic cells.
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LEGENDS FOR FIGURES
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FIC.3 Microscopic appearance of carotid body tumor. Hematoxylin and eosin
Stain X 200.

FIG. 4. Carotid body tumor, showing cell clusters surrounded by dark-staining
fibrils. Reticulum stain. X 200.
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Fic 7. Microscopic appance of smalhler abdominal mass. Hematoxyin and
eosin StaiL X 300.

FIG. 8. Smaller ab inal tumor, showing cell cdusters. Reticuhlm stain X 200.
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FIG. 9. Carotid body tumor, showing histochemical reaction for cholinesterase.
The dark punctate granues are within the neoplastic cells, whereas the sur-
rounding fibrous tissue is free of dye granules. X I5o.

FIG. Io. Carotid body tumor stained for phospholpid. Each tumor cell is filled
with dark-stained granules. The ckar area in each cell represents the un-
stained nucleus. X 200.
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