Adrenal Medullary Hyperplasia

A Morphometric Analysis in Patients With Familial Medullary
Thyroid Carcinoma

Ronald A. Delellis, MD, Hubert J. Wolfe, MD. Robert F. Gagel, MD,
Zoila T. Feldman, BS, Harry H. Miller, MD, David L. Gang, MD, and
Seymour Reichlin, MD

The syndrome of familial medullary thyroid carcinoma (MTC), pheochromocytoma,
and parathyroid hyperplasia is inherited as an autosomal dominant trait, and is charac-
terized by development of bilateral and multicentric thyroidal and adrenal medullary
tumors. One of the earliest manifestations of adrenal medullary hyperfunction in
patients with this syndrome is an increased ratio of epinephrine to norepinephrine in
urine. In order to define the morphologic correlates of these early catecholamine
abnormalities in a large kindred with familial MTC, a morphometric analysis based on
a point-counting system to assess adrenal medullary volume was undertaken. These
studies clearly revealed adrenal medullary hyperplasia as reflected by a two- to three-
fold increase in medullary volume and weight as compared to age- and sex-matched
controls. The increase in total medullary mass resulted from diffuse and multifocal
nodular proliferations of adrenal medullary cells primarily within the head and body
regions of the glands. These results support the hypothesis that the pheochromocytomas
in patients with familial MTC may, in fact, represent extreme degrees of nodular
hyperplasia of the medulla. (Am J Pathol 83:177-196, 1976)

THE SYNDROME OF MEDULLARY THYROID CARCINOMA (MTC).
pheochromocytoma. and parathyvroid hyperplasia (Sipple’s svndrome.
Type II multiple endocrine adenomatosis) is inherited as an autosomal
dominant trait."»? Based on a highly sensitive radioimmunoassay for cal-
citonin, it has been shown that the thyvroid tumors. which are frequently
bilateral and multicentric, are preceeded by a clinically and pathologically
evident phase of calcitonin hvpersecretion and bilateral C-cell hvper-
plasia.® Interestingly. the pheochromocytomas in this svndrome are also
commonly bilateral and multicentric. In a review of 59 previously re-
ported cases of pheochromocytoma associated with MTC. bilateral tumors
were found in 66% of cases, while multicentric pheochromocytomas were
present in 30% of patients with unilateral adrenal medullary abnor-
malities. 242
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Identification of the earliest stages of adrenal medullary hyperfunction
has been hampered by the absence of a screening test which is as sensitive
and as reliable as the calcitonin assay for early C-cell abnormalities. The
use of urinary vanillyl mandelic acid (VMA) excretion studies as the sole
index of hyperfunction is unreliable, especially in patients with early
disease. It has been shown, for example. that there is a faster turnover rate
of catecholamines in patients with small pheochromocytomas as com-
pared to those with larger tumors.?** Consequently. patients with small
tumors may have increased amounts of urinary free catecholamines with
a normal or only slightly elevated VMA. Moreover, while total urinary free
catecholamines may be normal in some patients with pheochromocy-
tomas, fractionation studies may reveal abnormalities in the ratio of epi-
nephrine (E) to norepinephrine (N). In a large kindred with familial
MTC, the E:N ratio in 24-hour urine specimens has proven to be of
great value in screening family members for early adrenal medullary
disease, and epinephrine has been found to be the major catechol secre-
tory product in these patients.?

The close surveillance of those kindred members at high risk for the
development of pheochromocytomas by the use of fractionated urinary
catecholamine analysis has offered a unique opportunity to characterize a
spectrum of early morphologic abnormalities within the medulla. Accord-
ingly. we reviewed in detail the pathologic findings in the adrenal glands
of 10 patients from a large kindred with familial MTC. The results of
morphometric analyvses to estimate relative medullary volumes and
weights support the hypothesis that the pheochromocytomas in this syn-
drome may represent extreme degrees of nodular hyvperplasia of the
adrenal medulla.

Materials and Methods

Estimates of relative adrenal cortical and medullary volumes were derived by stan-
dard light microscopic morphometric techniques.? After dissection of periadrenal adipose
tissue. the adrenal glands were weighed and were fixed in 10% neutral formalin for 24
to 48 hours. Each adrenal was then seriallv blocked at 3-mm intervals and was em-
bedded in paraffin in its entirety. Three representative hematoxvlin and eosin-stained
sections from each of 14 to 16 blocks per gland were subjected to analysis by a point
counting method.* Selected slides were stained with the periodic acid-Schiff technique
(PAS) with and without prior diastase digestion.?® The slides were examined at a final
magnification of 80 X utilizing a 144-point simple square lattice test system on the
screen of a Zeiss automatic sampling stage microscope. The volume of the medulla was
derived as a function of the areal density of the medulla divided by the areal density
of the gland. Medullary weight was estimated from the percent medullary volume
multiplied by the weight of the gland. Planar areas were derived in square millimeters
by equilibrating the distance between points on the test lattice with a stage micrometer
and by counting those squares whose upper left hand corners were in the profile.
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Corticomedullary (C: M ratios were obtained separately for each block of the gland. and
average C: M ratios were obtained for the head and body regions.

Four glands from 3 patients in this series (Table 1. Cases 1. 2. and 3. both adrenals
from a 70-vear-old woman with nonfamilial MTC. and 10 adrenals obtained at surgerv
or autopsy from 6 sex- and age-matched control patients were subjected to morphometric
analysis. The gross surgical descriptions and an average of three microscopic slides per
gland were available for review in the remaining patients of the J-kindred (Table 1. Cases
4-10). Urinary VMA and catecholamine studies in these patients are also summarized
in Table 1.

Results

Control Adrenals

The control adrenals in this series had a mean weight of 6.03 £ 1.26 g.
with a range of 3.8 to 7.2 g. The distribution of medullary tissue is
presented diagramaticallv in Figure 1. The abscissa in this histogram
represents the section number from the head or most medial aspect of the
gland (section number 1) to the tail region (section number 16). The
ordinate represents sectional area in square millimeters. The black areas
represent medulla while the white areas represent cortex. C: M ratios are
expressed at the tops of the bars for the head. body. and tail regions.

Based on this graphic representation. it is readily apparent that all of
the medullary tissue is concentrated in the head and body regions of the
gland. as has been reported by Dobbie and Symington.?” The average
C: M ratios from the 10 control adrenals in the head and body were 5 and
14.7. respectively. with a combined average C: M ratio of approximately
10:1. The medullary regions of these control glands represented 8.1
+2.4% of the total gland volumes. and the estimated mean control
medullary weight was 0.47 £+ 0.15 g gland. There were no significant

Table 1—Urinary Catecholamines and Adrenal Medullary Abnormalities in the J-Kindred

Right Left
Case No. Age Sex VMA* E* N* E:N* adrenal adrenal
1(TJ) 68 M 5.3-8.2 — — — DNH DH
2 (HJ) 65 M 8.4 60 154 0.39 S DNH
3 (JT) 19 F 71 18 50 0.36 — DNH
4 (CG) 11 F 25.4 252 486 0.52 — S
5 (PJ) 34 M 8.4 60 111 0.53 — M
6 (JP) 38 F 31 — — — S —
7 (WT) 27 M 11 — — — — M
8 (BD) 39 F — — — — M M
9 (JS) 27 F 12.8 — — — S M
10 (LG) 30 F 25 — — — S —

S = single nodule, M = multiple nodules, DNH = diffuse and nodular hyperplasia.
DH = diffuse hyperplasia. VMA = vanillyl mandelic acid, E = epinephrine, N = norepinephrine.
* Normal values: in unaffected kindred members, epinephrine is less than 6 ug/24 hours.
norepinephrine is less than 42 ug/24 hours, and E:N is 0.15; VMA, less than 8 mg/24 hours.
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differences in the distribution or quantity of medullary tissue between
males and females. The medullary cells measured 10 to 12 u in diameter,
while nuclei measured 6 to 8 u. Occasional cellular and nuclear gigantism
were observed, especially in juxtacortical areas, but mitotic figures were
not observed. Very few cells contained PAS-positive, diastase-resistant
cvtoplasmic droplets.

Nonfamilial Medullary Thyroid Carcinoma

In 1 patient with metastatic nonfamilial MTC, medullary regions occu-
pied 5.7 and 6% of the right and left adrenal volumes with calculated
weights of 0.39 and 0.43 g, respectivelyv. These values did not differ
significantly from those obtained in the control group. Corticomedullary
ratios of the gland were within normal limits. Histologic examination
revealed no differences from control adrenals.

Quantitative Studies of Adrenals in the J-Kindred

Results of morphometric analysis of four adrenal glands from 3 patients
in this series (Cases 1, 2, and 3) are presented in Figures 2 to 5.
Corticomedullary ratios, relative medullary volumes, and estimated med-
ullary weights are summarized in Table 2.

TJ (Case 1), a 68-vear-old man with a long history of coronary heart
disease, underwent total thyroidectomy for bilateral MTC in 1970.
Urinary VMA concentrations between 1970 and 1974 ranged between
5.3 and 8.2 mg/24 hours. In 1974, the patient died from an acute
myocardial infarct. Autopsy revealed no evidence of recurrent or
metastatic MTC. The right and left adrenals weighted 4.5 and 4.3
g. respectively, and both medullary regions appeared diffusely expanded
in the head and body regions. The left adrenal medulla (Figure 2A and
2B) had a relative volume of 25%, with a calculated weight of 1.07 g. The
C: M ratios in the head and body were 1.7 and 5.1, respectively, with a
combined ratio of 3.4. In the head of the right gland, a single ill-defined

Table 2—Quantitative Studies of the Adrenal in the J-Kindred and in Control Populations

C:M Relative medullary Estimated
volume medullary
Head Body Combined (percent total) weight (g)
Controls 5.2 14.7 99 8.1+24 0.47 £ 0.15
Case 1 1.8 5.7 3.7 25 1.12
(Right)
Case 1 1.7 51 3.4 25 1.07
(Left)
Case 2 3.7 2.6 3.1 20 0.88
Case 3 1.5 7.2 4.3 31 1.6
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nodule measuring approximately 3 mm in diameter was noted. The
medulla represented 25% of the volume of the entire gland and had a
calculated weight of 1.12 g. The C: M ratios of the head and body were
1.8 and 5.7, respectively, with a combined average ratio of 3.7 (Figure 3A
and 3B).

Microscopically, diffuse expansion of both medullary regions was ap-
parent. Individual cells exhibited a wide variation in nuclear size and
shape. Nuclei measured up to 50 u in diameter with frequent irregular
hyperchromatic forms. In many areas, the cytoplasm appeared highly
vacuolated (Figure 3C), while other areas were composed of cells with
finely granular basophilic cytoplasm. The cells, generally polyhedral in
shape, measured up to 80 u in diameter (Figure 3D) and contained
numerous round PAS-positive, diastase-resistant cytoplasmic hvaline
droplets (Figure 4D). There was no compression of the medullary tissue
surrounding the nodule in the right gland. Cytologic features, including
giant nuclei, cytoplasmic hyaline droplets, and cytoplasmic vacuoles, were
identical both within the nodule and in surrounding medullary tissue.
Occasional mitoses were observed within both glands.

HJ (Case 2), a 65-year-old man, underwent total thyroidectomy for
bilateral MTC in 1970. Adrenal arteriographic study in 1974 was inter-
preted as showing a right-sided pheochromocytoma and a suspiciously
enlarged left adrenal gland. On admission to the hospital in 1974, the
blood pressure was 160/100 mm Hg. During calcium infusion studies, the
blood pressure rose to 240/130 mm Hg. Preoperative studies for urinary
catecholamines and their metabolites were as follows: VMA, 8.4 mg/24
hours; epinephrine, 60 ug/24 hours; and norepinephrine, 154 ug/24
hours. Bilateral adrenalectomy was performed. The right gland weighed
30 g and contained a single, 3.5 cm in diameter, mass in the head of
the gland. The medulla in the adjacent body appeared diffusely thick-
ened without evidence of nodule formation. The left gland weighed 4.4 g
and had a normal external configuration. On sectioning, the medulla
appeared diffusely expanded and contained at least five poorly defined
nodules measuring 2 to 6 mm in diameter. The medulla represented 20%
of the gland volume and had a calculated weight of 0.88 g (Figure 4A and
4B). The C: M ratios in the head and body were 3.7 and 2.6, respectively,
with a combined C:M ratio of 2.9.

The nodules exhibited a wide range of cytologic characteristics. In
some, the predominant cells resembled neuroblasts or pheochromocyto-
blasts (Figure 4C) and measured 5 to 6 u in diameter with small centrally
placed hyperchromatic nuclei, scanty cytoplasm, and ill-defined cell bor-
ders. Other nodules were composed of large polyhedral cells similar to
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those seen in the first case and contained PAS-positive hvaline droplets
(Figure 4D). Medullary regions between zones of nodule formation ap-
peared diffusely expanded and showed rare mitotic figures.

JT (Case 3), a 19-vear-old woman, underwent total thyroidectomy in
1972 for C-cell hyperplasia. Adrenal arteriography during that vear re-
vealed questionable enlargement of both adrenal medullary regions.
Urinary VMA levels were within normal limits except for one value of 11.5
mg/24 hours. In 1974 she experienced attacks of nervousness and palpita-
tions. Repeat adrenal arteriography revealed enlargement of the left
adrenal medulla. Preoperative studies for urinary catecholamines and
their metabolites revealed the following data: VMA, 7.1 mg; epinephrine,
18 ug/24 hours; and norephinephrine, 50 ug/24 hours. A left-sided
adrenalectomy was performed.

The left adrenal weighed 5.3 g and had a normal external configura-
tion. The medullary regions in the head and body of the gland appeared
diffusely thickened. At the junction of the head and body of the gland, a
soft gray-tan nodule 1 cm in diameter was noted. A nodule 4 mm in
diameter of similar consistency was present in the head. The medulla—
which represented 31% of the volume of the gland, with an estimated
weight of 1.6 g—extended into the tail region. The C:M ratios in the
head and body were 1.5 and 7.0, respectively, with a combined C: M ratio
of 4.3 (Figure 5). The larger nodule was composed of spindle-shaped cells
while the smaller nodule and remaining medullary tissue were composed
of polyhedral type cells (Figure 5B and 5C).

Retrospective Studies

Gross descriptions and representative microscopic sections of adrenals
were available for review in the remaining patients of this series (Table 1,
Cases 4-10). Five of the glands which contained multiple medullary
nodules ranged in weight from 9.5 to 25 g. Individual nodules measured
0.2 to 3.5 cm in diameter and exhibited a wide range of cytologic appear-
ances. While most of the nodules were composed of medium to large
sized polyhedral cells, other nodules were composed of spindle-shaped or
small neuroblast like cells similar to those noted in Case 2. Intervening
medullary areas often appeared diffusely expanded and frequently exhib-
ited giant nuclei, numerous cytoplasmic hyaline droplets, and abundant
cytoplasmic vacuoles. In addition, both alae in the body of the glands
frequently contained medullary tissue (Figure 6). In most cases, the
nodules blended imperceptibly into the adjacent adrenal medulla without
evidence of compression of the latter structure (Figure 6). Capsule forma-
tion was not observed in any case.
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Five of the glands, including the right adrenal from Case 2. contained
apparently single tumor nodules which measured 3.5 to 8 cm in diameter
and weighed 30 to 135 g. These nodules often contained a mixture of
histologic patterns similar to those seen in glands with multiple nodules.
One of these apparently single tumors appeared to be formed by a
coalescence of multiple smaller nodules (Figure 7). Medullary tissue
adjacent to nodules appeared diffusely expanded. One of the tumors in
this series contained a focus of metastatic medullary thyroid carcinoma.

Postoperative catecholamine levels both in those patients with bilateral
and with unilateral adrenal medullary abnormalities in this series were
within normal ranges.” Follow-up studies. however. will be required to
determine if those patients subjected to unilateral adrenalectomy will
develop contralateral adrenal medullary abnormalities.

Discussion

While the pathology of pheochromocytomas has been well described in
the literature, there have been few well-documented reports of adrenal
medullary hyperplasia (AMH). In man. at least part of the difficulty in
identifving AMH is due to the fact that the medulla is not homogenously
distributed throughout the gland and is extremely difficult to accurately
dissect from the overlving cortical tissue. Virtually all of the medullary
tissue in man resides in the head (medial) and body regions of the gland.
while the tail (lateral) is composed exclusively of cortical tissue.?” Random
sectioning techniques, therefore, cannot be used to assess adrenal med-
ullary pathology or to quantitate medullary volume in normal or disease
states.

Review of Literature

Most of the previously reported studies of AMH in man have not
emploved quantitative techniques and have been based on the exam-
ination of random sections which have shown hypercellularity. nuclear
and cvtoplasmic pleomorphism, or increased mitotic activity (Table
3).2-31.343 Erom a clinical standpoint, the case reported by Montalbano
was most convincing since hypertension disappeared after resection of a
diffusely enlarged right adrenal and biopsy of an apparently normal left
gland.*

The presence of numerous intracytoplasmic PAS-positive hvaline drop-
lets, together with large numbers of extensivelv vacuolated or granular
cells, has been suggested as possible criteria for the diagnosis of ANMH.? 3
These changes are thought to reflect enhanced secretory activity. Similar
findings have been noted frequently in pheochromocytomas and less
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commonly in normal adrenals. Hyaline droplets, for example, may be
found in almost 80% of adrenal glands obtained at autopsy but are
numerous in only 3% of cases.??

In 1969, Neville proposed that a diagnosis of AMH should be made
only when there was a significant decrease in the C: M ratio in the head
and body of the gland with or without extension of the medulla into the
tail.3® These criteria were met in the case reported by Carney, but esti-
mates of total adrenal medullary volume or weight were not available.>

Normal Adrenal Medulla

There are relatively few quantitative data available in the literature on
the normal human adrenal medulla. In an autopsy study of 50 pairs of
glands from patients who died suddenly, Quinan and Berger, after careful
dissection of cortical tissue, found mean medullary weights of 0.43 and
0.44 g for the left and right adrenals, respectively.* The medulla in these
patients accounted for approximately 10% of the total adrenal weight.
These figures are in excellent agreement with our data as determined by a
point-counting system. In our series, the medulla accounted for 8.1 +
2.4% of the total adrenal volume with an average estimated weight of 0.47
+ 0.15 g. Average C: M ratios from the control adrenals in our series were
5:1 and 14.7:1 in the head and pody regions, respectively, with an
average C:M ratio of approximately 10:1. These data are in agreement
with those obtained by Dobbie and Symington.?-3

Current Case Material

In contrast, relative medullary volumes of four glands subjected to
morphometric analysis ranged from 20 to 31% with calculated weights
ranging from 0.88 to 1.6 g, figures which dramatically exceed our and
other previously reported ranges of normalcy (Table 2). Microscopically,
the medullary cells exhibited a wide variation in nuclear size and shape.
Both within the nodules and in adjacent medullary tissues, nuclei meas-
ured up to 50 g in maximum dimensions with frequent irregular hy-
perchromatic forms. These giant nuclei were frequently, but not exclu-
sively, located in a juxtacortical position. Similar giant nuclear forms,
found commonly in pheochromocytomas and occasionally in normal med-
ullary tissue, have been shown to have greater than 20 times the DNA
content than diploid nuclei by quantitative Feulgen analvsis.* Their
presence is thought to reflect increased secretory activity rather than
neoplastic transformation. The presence of occasional mitotic figures both
within and adjacent to the medullary nodules of the adrenals is also
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consistent with a diffuse proliferative process. In our control series of
adrenals, mitotic figures were not observed in any of the cases.

The findings reported in this analysis demonstrate the importance of
subjecting the adrenal medulla to thorough morphologic and mor-
phometric analysis if early changes are to be detected and characterized.
Employing a morphometric technique similar to that used in our study,
Visser and Axt have convincingly demonstrated AMH in a patient with
hypertension and increased urinary VMA (Table 3)." Future studies
using similar techniques may identify other new clinicopathologic
correlates and lead to a better understanding of an important, vet poorly
understood, organ system—the human adrenal medulla.

Experimental Animal Modeis

Pheochromocytomas are common spontaneous tumors of old rats and
are frequently associated with medullary thyroid carcinomas, pancreatic
islet cell neoplasms, and interstitial cell tumors of the testis. Gillman et al.
have reported that the medullary nodules in these animals were fre-
quently multicentric and that larger tumors were formed by coalescence
of smaller nodules.®® Adrenal medullary hyperplasia has been produced
experimentally in rats by the administration of a variety of agents includ-
ing thiouracil, growth hormone, nicotine and estrogens.®*! Following the
administration of nicotine in one study, adrenal medullary volume dou-
bled, due to the appearance of multiple small nodules at the periphery of
the medulla. Nicotine-treated animals revealed a marked increase in
medullary noradrenaline content represented as percent of dry weight
and as percent of total catecholamines. Noradrenaline content increased
from 2.6 ug/gland in the controls to 12.0 ug/gland in the nicotine-treated
group.*!

Detailed cytologic studies have been performed on the adrenal med-
ullary regions of growth hormone-treated rats.*® In these animals, med-
ullary cells were generally polyhedral in shape, with pale cytoplasm, and
had large vesicular nuclei with prominent nucleoli. Hyperplastic nodules
revealed a wide spectrum of histologic patterns and were composed of
small cells with hyperchromatic nuclei, large cells with vesicular nuclei, or
spindle-shaped cells. Occasional nodules displaced and focallv invaded
the adrenal cortex. These histologic features are remarkably similar to
those noted in patients with familial MTC in our series.

Adrenal Medullary Hyperplasia and Pheochromocytoma

The stimulus for proliferation of adrenal medullary cells in patients
with familial MTC remains unknown. Results of recent studies have
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shown that both C cells and adrenal medullary cells share a common
embrvologic origin from the neural crest.*> The frequent association of
thvroid and adrenal medullary neoplasms in these patients. as well as their
occasional association with mucosal neuromas. suggests a basic defect in
the development or regulation of these neuroectodermal derivatives. In
those patients with nonfamilial MTC. pheochromocytomas occur much
less commonly than in those patients with familial disease.® It is of
considerable interest. therefore. that in the 1 patient in this series with
nonfamilial MTC, adrenal medullary weights were entirely within nor-
mal limits.

The results of the present study clearlv demonstrate. moreover. that
early biochemical abnormalities of catecholamine secretion. particularly
increased epinephrine : norepinephrine ratios. are accompanied by wide-
spread structural abnormalities of the adrenal medulla. In this regard.
diffuse medullary hvperplasia mav represent the earliest morphologic
correlate of catecholamine hvpersecretion. followed by the development
of multiple medullary hyperplastic nodules (Text-figure 1). In a review of
adrenal pathology associated with hypertension. Sherwin noted that con-
tinuity of tumor nodules with the adjacent medulla supported the hypoth-
esis that pheochromocytomas represent exaggerated forms of hvperplasia.

TexTt-ricuvre  1—Histo- 5 T
genesis of adrenal medullary Diffice
abnormalities associated with )
familial medullary thyroid
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as had been originally suggested by Propst.® The morphometric data
presented in the current report fully establishes the concept of AMH as a
distinctive clinicopathologic entity. These studies further support the
concept that the bilateral and multicentric pheochromocytomas in famil-
ial MTC may, in fact, represent extreme degrees of nodular hyperplasia
of the adrenal medulla.
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Figures 1-5—Histograms of adrenal cortical and medullary distribution in representative control
adrenal and in Cases 1, 2, and 3. The x-axis represents section number from the head of the gland
(lett) to the tail region (right). The y-axis represents the planar area in square millimeters. (Med-
ullary areas, solid columns; cortex, open columns). Corticomedullary ratios for each section are
shown at the tops of the columns. Figure 1 —Histogram of control left adrenal. Figure 2A—
Histogram of left adrenal, Case 1. B—Cross section of head of left adrenal, Case 1. There is
diffuse expansion of the entire medullary region which is outlined by black dots. (X 4)



Figure 3A—Histogram of right adrenal, Case 1. B—Cross section of head of right adrenal,
Case 1. In addition to the diffuse expansion of the medulla, there is incipient nodule formation
(arrow). (X 4.8) C—Right adrenal, Case 1. Medullary cells in this field exhibit a mild de-
gree of nuclear pleomorphism, and have extensively vacuolated cytoplasm. (X 250) D—
Right adrenal, Case 1. Two bizarre giant cells with marked nuclear pleomorphism and hy-
perchromasia are apparent. Similar cells are present both within the nodule and in the ad-
jacent medullary tissue. (X 250)
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Figure 4A—Histogram of left adrenal, Case 2. B—Cross section of head of left adrenal, Case 2. One
of the the nodules is evident in a diffusely expanded medulla. (X 4.5) C—Left adrenal, Case 2. The
nodule in Figure 4B is composed of small pheochromocytoblast or neuroblast-like cells. (X 250)
D—Left adrenal, Case 2. In this internodular area, medullary cells have a finely granular cytoplasm
and occasional PAS-positive hyaline droplets (arrow). (X 250)
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Figure 5SA—Histogram of left adrenal, Case 3. B—Left adrenal, Case 3. The larger nodule present
at the junction of the head and body is composed of spindle-shaped cells. (X 250) C—Left
adrenal, Case 3. The smaller nodule (N) in the head of the gland is composed of small vacuolated
medullary cells while the adjacent medulla (M) is composed of larger vacuolated cells. There is no
evidence of encapsulation of the nodule or of compression of the medulla (x 250)



Figure 6—Left adrenal, Case 5. A nodule (double arrows) is present in the crest of the body of
this gland. Medullary tissue extends into both alae (single arrows). (X 6) Figure 7—Left
adrenal, case 7. Multiple nodules are present in the crest and right alar region. A thin band of
medulla is present in the left ala. (X 4.5)



