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Rare, solitary carotid body tumors of the neck have long been
recognized and their characteristic histologic features described.'®
More recently, multiple tumors of similar architecture, occurring in
sites distant from the neck, have been studied. Rosenwasser* re-
ported the first glomus jugulare tumor, and Kipkie,® the first con-
currence of carotid body and glomus jugulare tumors. Cragg® 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 associated with a microscopically
similar neoplasm in the pancreas. Tumors of this type have now been
reported from such sites as the middle ear, the nodose ganglion, the
aortic and carotid bodies, the orbit,® the pancreas and the organs of
Zuckerkandl. To avoid use of terminology suggesting sympathetic
origin or specific sites of occurrence, the term “chemodectoma” used
by Mulligan® seems preferable as a general term to include multi-
centric tumors microscopically resembling the carotid body tumor.
Although this term leaves much to be desired, it does emphasize
the physiologic role of the parent tissue without implying a specific
site or embryologic origin. The present report describes a case in
which four chemodectomas, including two in the retroperitoneal
region were found at necropsy.

Case RepoRrT

In 1935 at 20 years of age, the patient was examined in the Mas-
sachusetts Eye and Ear Infirmary because of deafness in the left ear,
hoarseness, and difficulty in breathing through the left nostril. Exam-
ination showed firm swelling of the lateral pharyngeal and naso-
pharyngeal walls extending to the choana. Three biopsy specimens
revealed “chronic inflammation,” and a fourth showed “cavernous
hemangioma.” In April, 1936, the left carotid artery was ligated at
the level of the thyroid cartilage. Two days later the left pharyngeal
wall was explored, and a highly vascular fibrous mass was excised.

The patient remained well for 5 years and returned to the hospital

* Received for publication August 1, 1957.
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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
retropharyngeal and lateral pharyngeal swelling with displacement 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 Massachusetts General Hospital in November,
1956, complaining of persistent hoarseness due to left vocal cord
paralysis, a dry cough, deafness of the left ear, and moderate diffi-
culty in swallowing solids. The left auditory canal contained a mass
of foul-smelling granulation tissue. A firm mass, involving the left
side of the palate, obstructed the eustachian tube, and a swelling of
the right pharyngeal wall extended into the pyriform sinus, producing
deviation of the larynx to the left. The base of the tongue was fixed
on the left, and both vocal cords were immobile. A large, nontender,
nonpulsatile, firm mass was present in the right side of the neck,
extending above the mandible and protruding into the pharynx.

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

Exploration of the right neck revealed, at the carotid bifurcation,
a well encapsulated 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; microscopically this resembled a glomus jugulare tumor.

The patient had been examined several times during the preceding
3 years because of weakness and anemia. Examination of the blood
showed 8.4 to 104 gm. 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 marrow. On one occasion, the
urine urobilinogen was increased. A diagnosis of low-grade hemolytic
anemia was made, and Meticorten therapy was begun. The patient
died of bronchopneumonia in December, 1956.

Pathologic Observations

Four distinct tumors of similar gross and microscopic appearance
were found at necropsy (Text-figure 1).

A tumor measuring 8 by 6.5 by 1.5 cm. was present in the right
side of the neck and extended upward into the floor of the mouth
and downward along the course of the common carotid artery. The
carotid bifurcation and a segment of the common carotid artery were



Mer-Apr, 1958 MULTIPLE CHEMODECTOMAS 295

embedded within the tumor. The cut surface of the mass revealed
slightly lobulated, extremely tough, pink-tan homogeneous tissue (Fig.

ABDOMINAL TUMORS

Text-figure 1. Drawing indicating the sites of multicentric chemodectomas.
1), which was firmly adherent to the walls of the carotid arteries
and to the subcutaneous tissue beneath the mandible. Multiple lymph
nodes, including two large nodes from the left neck, were free of
neoplasm. The left carotid 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, measuring 6 cm. in diameter, projected from the left petrous
pyramid and encroached upon the left cerebellar hemisphere and the
left cerebral peduncle. The entire petrous portion of the temporal
bone was removed by the method of Kelemen,'® decalcified and sec-
tioned. This tumor, composed of tough pink-tan tissue closely resem-
bling the lesion in the right side of the neck, extended into the left
auditory canal 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 duodenum, and
adherent to the inferior vena cava above the origin of the renal veins,
was an oval mass measuring 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, 1 cm. in thickness, completely sur-
rounding a central area composed of dense white fibrous tissue con-
taining flecks of calcareous material. The other abdominal lesion was
a pink-tan nodule, 1 cm. in diameter, which lay adjacent to but entirely
separate from the larger tumor.

In the lungs there was evidence of acute, bilateral, confluent bron-
chopneumonia with abscesses containing aspirated food fragments.
The liver was congested, and the spleen, which weighed 390 gm.,
showed diffuse fibrosis.

Microscopic Description

Microscopic examination of tissue blocks fixed in Helly’s fluid and
stained with hematoxylin and eosin, revealed similar histologic pat-
terns in the 4 individual tumors. The characteristic pattern consisted
of nests of polygonal cells with moderate amounts of deep pink cyto-
plasm and small oval hyperchromatic nuclei. The cell nests were
surrounded by strands of connective tissue of variable width. In the
cervical mass, some of the cell clusters were encompassed by wide
bands -of fibrous tissue, whereas other tumor cells were arranged in
irregular clumps separated by narrow bands of connective tissue
(Fig. 3). The latter pattern predominated in the intracranial 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; in this a few clusters of neoplastic cells
were embedded (Fig. s5).

Occasional clumps of yellow-brown pigment were scattered in the
fibrous tissue in all the tumors. These gave a positive reaction for
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iron. Moderate-sized nerve fibers were present in the capsules of the

cervical lesion and the larger abdominal mass. Sections from all the

tumors stained for reticulum fibers showed strands of delicate fibrils

surrounding the clusters of neoplastic cells (Figs. 4, 6 and 8).
Histochemical Observations

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

Formalin-fixed sections embedded in paraffin and stained by the
periodic acid-Schiff method of McManus'?® exhibited rare cells with
intracytoplasmic PAS-positive, diastase-resistant granules. These were
believed to be macrophages. The cytoplasm of the neoplastic cells
was not stained. Formalin-fixed, frozen sections stained for neutral
fat with Sudan IIT showed occasional small intracytoplasmic fat
droplets in the tumor cells and larger droplets in scattered stromal
macrophages.

By means of the Baker'* procedure for determining phospholipids,
the cytoplasm of the tumor cells was seen to contain minute, deep
blue-gray granules (Fig. 10). Control sections cut from blocks which
had previously been extracted with hot pyridine revealed a few small
gray-black cytoplasmic 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 Hokfelt’® no chromaffin granules were observed. The adreno-
chrome method of Sevki'® was negative.

Blocks of frozen tissue from both the cervical and the abdominal
neoplasms were extracted and tested for the presence of epinephrine
and norepinephrine* by the fluorometric method of Sobel and Henry.”
Neither mass contained epinephrine. Both contained very small
amounts of norepinephrine (0.5 pg. per gm.).

* Grateful acknowledgment is due to Dr. Charles DuToit in whose laboratory the

epinephrine and norepinephrine assays on the tumors were performed and to Dr. Philip
M. LeCompte who reviewed the shides.
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DrscussioN

As stated in the introduction, neoplasms resembling the carotid
body tumor have been found in sites unrelated to the carotid and
aortic bodies. Instances of lesions resembling carotid body tumors
microscopically have now been reported arising in the glomus jugu-
lare, orbit, pancreas, and organs of Zuckerkandl. The present case
illustrates multiple tumors including two which were retroperitoneal.

The occurrence of multiple similar neoplasms®*™# raises the pos-
sibility 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 examples of metastases to mediastinal
lymph nodes, lung and bone are recorded in this type of neoplasm.!®
A diagnosis of malignancy determined on the basis of the microscopic
characteristics of a primary tumor, in the absence of demonstrable
metastasis, must be considered inconclusive.® It is believed, there-
fore, that chemodectomas arise independently in multiple foci.%"2%

The derivation of carotid body tissue has been the subject of con-
siderable discussion for many years. The acceptance earlier by
Kohn*-* of the sympathetic origin of this tissue has been questioned
by Hollinshead.*® The current evidence provided by Heymans and
Bouckaert,® Schmidt and Comroe® and others, suggests that the
carotid body is a_chemoceptor 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 chromaffin reaction by several methods
in the present case all failed. However, even if found, the chromaffin
reaction is inadequate evidence to indicate the presence of epinephrine.
Modern views of the chromaffin reaction?>*® indicate that epinephrine
is oxidized to adrenochrome and then polymerized to form brown
pigment in the presence of oxidants such as dichromate or periodate.
This reaction occurs with polyphenols, aminophenols and ortho- and
para-polyamines and therefore is not specific for epinephrine.

Epinephrine could not be demonstrated by a chemical method in
the case 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 activity was not determined.
In the present case, a sensitive fluorometric method!? failed to dis-
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close epinephrine in either the neck or the abdominal lesions. A small
amount of norepinephrine, probably associated with nerve endings,
was found. The lack of specific chemical identification of epinephrine
in any of the recorded carotid body tumors indicates that chemodec-
tomas lack epinephrine and are not clearly of sympathetic origin.
For these reasons, the term “chemodectoma”® seems preferable to
“nonchromaffin paraganglioma” or “carotid body tumor” for tumors
arising in sites other than the carotid or aortic bodies, 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 recognized as part of the chemoceptor system.

The histochemical detection of cholinesterase activity in the cells
of a chemodectoma is of interest although it fails to shed light on
the origin of these cells. By chemical means, Hollinshead and Saw-
yer® demonstrated small amounts of acetylcholinesterase and serum
cholinesterase in the carotid body cells of the cat. The serum type
chohnosterasewasdemonsu'atedhlstochemncallymthewondbody
of the cat by Koelle.* These observations fail to exclude or confirm
a sympathetic origin of this tissue, because adrenal medulla and
sympathetic ganglia also contain cholinesterase.?®%!

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.?®
LeCompte attributed the existence of variable granularity in part to
technical manipulation. However, de Castro® believed that apparent
chromaffin reactions in the carotid body were due to granular lipoid
substances in the cells. Hollinshead® confirmed the presence of cyto-
plasmic granules; however, he believed they were not lipids but
might be mitochondria. More recent studies have indicated that mito-
chondria are rich in phospholipid,® and therefore the phospholipid
granules demonstrated by the Baker method may well be mito-
chondria.

SuMmary

A 41-year-old man was found to have 4 chemodectomas, one in
the right carotid body, one in the left glomus jugulare, and two
in the retroperitoneal region. The probable origin of chemodectomas
mothersntosthanthenecksuggeststhepossibﬂltyofnormally
oocurnngchemooeptorhssuenotprevxouslyrecogmzedmth&earms

The origin of these tumors from other than sympathetic tissue is
suggested by the absence of epinephrine.
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Histochemical tests revealed the presence of cholinesterase, phos-

pholipid and small amounts of neutral fat but no glycogen in the
cytoplasm of the neoplastic cells.
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. LEGENDS FOR FIGURES
Fic. 1. G'mssappunnceofwntidbody,m.

Fic. 2. Microscopic appearance of tumor projecting from temporal bone. Hema-
taxyhnandeosnstm X 150
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Fic. 3. Microscopic appearance of carotid body tumor. Hematoxylin and eosin
stain. X 200.

Fic. 4. Carotid body tumor, showing cell clusters surrounded by dark-staining
fibrils. Reticulum stain. X 2o00.
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F1c. 5. Microscopic appearance of larger abdominal lesion showing cell clusters
and surrounding fibrous tissue. Hematoxylin and eosin stain. X 300.

Fi1c. 6. Large abdominal tumor, showing cell clusters. Reticulum stain. X 200.
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Fic. 7. Microscopic appearance of smalier abdominal mass. Hematoxylin and
eosin stain. X 300.

Fic. 8. Smaller abdominal tumor, showing cell clusters. Reticulum stain. X 200.
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F16.9. Carotid body tumor, showing histochemical reaction for cholinesterase.
The dark punctate granules are within the neoplastic cells, whereas the sur-
rounding fibrous tissue is free of dye granules. X 150.

Fi1c. 10. Carotid body tumor stained for phospholipid. Each tumor cell is filled
with dark-stained granules. The clear area in each cell represents the umn-
stained nucleus. X 200.
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