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Two-hundred seventy-four patients with primary hyperparathyroidism
had selective removal of enlarged parathyroid glands. Biopsies were taken
from all parathyroid glands. Normal-size glands were not resected
il‘respective of their histological appearance. After a mean follow-up of
13.5 years the rates of persistent and recurrent hyperparathyroidism
Were, respectively, 3.6% and 0.7%. Transient and permanent hypopara-
thyroidism occurred in 24% and 2.5% of the patients, The microscopic
appearance of enlarged glands and of biopsies taken from normal-size
glands were reviewed by two pathologists. Normal parathyroid glands
Were distinguished from abnormal glands fairly accurately (sensitivity
93%, specificity 80%). Microscopic classification of abnormal parathy-
roid glands as adenomas or hyperplastic glands correlated poorly with the
gross classification as single or multigland disease, Flow cytometric DNA
analysis of paraffin embedded parathyroid tissue showed significant
differences for DNA index, % S-phase and % G2M (p < 0.001).
Diﬂ‘erentiating single from multigland disease by means of DNA analysis
Wwas not possible. In conclusion, removal of only enlarged parathyroid
glands results in acceptable rates of persistent and recurrent hyperpara-
thyroidism. Biopsies should only be taken sparingly to prevent transient
and permanent hypoparathyroidism. Microscopic examination and flow
Cytometric DNA analysis can differentiate normal from abnormal para-
thyroid glands but are unable to differentiate abnormal glands into single
Or multigland disease.

The surgical treatment and the pathology of primary hyperpara-
thyroidism remain controversial subjects. Bilateral and unilat-
Cral surgical approaches have been advocated. Some surgeons
Use the histological appearance of parathyroid tissue at frozen
Section to determine the extent of parathyroidectomy [1-3].
When a hyperplastic parathyroid gland is reported by the
Pathologist, 3 or 3¥2 parathyroids are removed. In spite of this,
hlStological criteria that reliably differentiate between adenoma
and hyperplasia have not been firmly established [4, 5]. An
Alternatijve approach to parathyroid surgery is to rely solely on
he gross characteristics of parathyroid glands. Only enlarged
Parathyroids are removed irrespective of their histological
\
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features. Opponents of this procedure argue that normal-size
parathyroid glands with hyperplastic features are potentially
hyperactive and should be removed to prevent persistent or
recurrent hyperparathyroidism [8, 9].

In addition to histological and gross characteristics of para-
thyroid glands some authors have addressed the issue using
DNA analysis as determined by flow cytometry to differentiate
normal from hyperactive or potentially hyperactive parathyroid
glands, and to establish if consistent differences are present in
the DNA content of adenomas and hyperplastic parathyroid
glands [10-13].

Our approach to parathyroidectomy is a bilateral one. Only
enlarged parathyroids glands, estimated to weigh >40 mg, are
removed, irrespective of their histological pictures. In case of
enlargement of 4 parathyroid glands, a remnant of parathyroid
tissue equivalent to that of a normal parathyroid gland is left
behind.

The objectives of this study were to determine if normal-size
parathyroid glands are potentially hyperactive and to assess the
ability of histopathology and DNA analysis to discriminate
single from multigland disease.

Methods

Patient Selection

Six-hundred ninety-three patients had their initial parathyroid
operations for primary hyperparathyroidism at either the Uni-
versity Hospital in Rotterdam or Leiden. Five-hundred four-
teen patients had a single enlarged parathyroid gland and 179
patients had multiple enlarged parathyroid glands. From the 514
patients with single gland disease a representative sample of 160
patients was selected for follow-up. An attempt was made to
follow all patients with multigland disease.

The initial diagnostic evaluation, details of surgical proce-
dures, pathological features of the resected and biopsied para-
thyroid glands, and postoperative courses were reviewed. Pa-
tients with the syndromes of muitiple endocrine neoplasia 1 and
2 (MEN ! and 2) or familial hyperparathyroidism were ex-
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cluded, since in patients with these hereditary disorders the
incidence of multigland disease and recurrent hyperparathy-
roidism are significantly higher than in non-familial hyperpara-
thyroidism [14].

Two surgeons operated on the majority of the patients. The
surgical approach is to first identify all parathyroid glands. The
glands are carefully dissected free to evaluate abnormalities in
their size and shape. Normal parathyroid glands are flat, while
a globular shape is considered abnormal. Experience is required
to properly estimate the weight of a parathyroid gland. From
previous experience, we have adopted 40 mg as the normal
weight of a parathyroid gland. All glands estimated as weighing
>40 milligrams are subsequently removed, and small biopsies
are taken of all other identified glands. All biopsies are exam-
ined by frozen section. The identification of parathyroid tissue
is the only information required from the pathologist. Further
interpretation of the frozen sections varied but did not deter-
mine the extent of surgical resection of parathyroid tissue.
When four parathyroid glands are enlarged, a 40 mg remnant of
parathyroid tissue is left in-situ. The weights of the removed
parathyroid glands are recorded. A single enlarged gland is
defined as one enlarged parathyroid gland weighing >40 mg
with the other glands appearing normal in size. Multigland
disease is defined as two or more enlarged parathyroid glands
each estimated as weighing >40 mg.

Follow-up of patients was carried out with the aid of the
National Population Register, which registers all inhabitants of
the Netherlands. Follow-up studies were performed either at
the surgical clinics of the University Hospital Rotterdam or by
family physicians. The follow-up studies consisted of a record-
ing of medications, with emphasis on calcium or vitamin D
supplementation. Two blood assays were drawn at weekly
intervals. Serum levels of calcium, albumin, creatinine, and
urea were determined. A serum parathyroid hormone (PTH)
assay (IRMA 1-84 for the intact hormone, INCSTAR, Stillwa-
ter, Minnesota, U.S.A.) was performed when the mean calcium
value, corrected for the serum albumin, exceeded 2.45 mmol/L
{normal 2.20-2.65 mmol/L) to detect normocalcemic hyperpara-
thyroidism.

Persistent hyperparathyroidism was defined as postoperative
hypercalcemia caused by an enlarged parathyroid gland which
was not found during the first attempt at parathyroidectomy.
Recurrent hyperparathyroidism was defined as hypercalcemia
due to an enlarged gland which was observed to be of normal
size during the first operation. Duration of periods of normo-
calcemia were not part of these definitions.

Histopathology

The microscopic slides of biopsies and intact parathyroid glands
removed from 236 patients who had follow-up studies were
reviewed by two pathologists without knowledge of the opera-
tive findings, weights of the parathyroid glands, gross findings,
or follow-up information, The review was limited to sections
stained with hematoxylin and eosin. The presence or absence of
the following features were recorded: lobularity, microscopic
cellularity, cell types, stromal fat, a normal rim, transition from
normal to abnormal tissue, a capsule, thick walled vessels,
nuclear pleomorphism, mitotic activity, and blood/lymphatic
vascular space involvement, Each gland was categorized as
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adenoma or hyperplasia based on the criteria of Ghandur-
Mnaymneh and Kimura [15], i.e., a mass is considered as an
adenoma if it fulfilled the following criteria: absence of fat cells,
absence of lobularity, a normal rim, and microscopic celluiar-
ity. A gland is considered hyperplastic if any one of the
following criteria are met: fat cells in the mass, lobular archi-
tecture, or a transition of the abnormal tissue in the mass to
normal parathyroid tissue. After independent review by pathol-
ogists, a consensus was reached on each case when there were
disagreements. If no consensus could be reached, often due to
inadequate samples of tissue, the case was considered unclas-
sifiable.

A multidiscriminate analysis was done to assess the value of
histological features in differentiating between normal parathy-
roid tissue, single and multigland disease.

Flow Cytometric DNA Analysis

Paraffin embedded material was available for DNA analysis
from 66 patients. The enlarged parathyroid glands and the
biopsies of parathyroid glands of normal sizes were fixed in 10%
(v/v) neutral buffered formalin (NBF), processed routinely, and
embedded in paraffin. Three to four 50 wm sections of the
paraffin blocks were deparaffinized in Americlear (Stephens
Scientific Division, Oak Ridge, New Jersey, U.S5.A.), rehy-
drated by sequential washes in graded ethanol (100%, 95%, 70%
and 50% (v/v)), then washed in distilled water and allowed to
equilibrate for 1 to 24 hours at room temperature. The tissue
sections were dissociated in a 1% (w/v) pepsin solution (110
units/mg protein, Sigma Chemicals, St. Louis, Missouri,
U.S.A.) at 37°C for 30 min, vortexing every 5 min. The digested
tissue suspensions were centrifuged at 1000 X g for 5 min, and
the cell pellets resuspended in 1-3 ml Earles Balance Salt
Solution (Sigma Chemicals). Cell suspensions were filtered
through 150 pum stainless steel mesh (Small Parts, Inc. Miami,
Florida, U.S.A.), recentrifuged, suspended in 1 ml of low salt
propidium iodide staining solution, incubated for 20 min at
37°C, then 1 ml of high salt propidium iodide staining solution
was added. Each specimen was filtered through a 60 um nylon
mesh (Small Parts, Inc.) into a new polystyrene tube, then
analyzed on an Epics-C flow cytometer (Coulter Corporatiof,
Hialeah, Florida, U.S.A.) at 400 mW of laser power with a 2 w
argon ion laser.

All histograms were analyzed using Verity Modfit (Verity
Software House, Inc., Topsham, Maine, U.S.A.), a cell cycle
analysis program. The following parameters were calculated
and analyzed: DNA index, % S-phase, % G2M, % G2M minu$
doublets, debris, and total events. DNA index was defined a8
the ratio of the mean of the G0/G1 peak of the normal populd
tion. Populations with a DNA index between 0.9 and 1.1 wer¢
considered as DNA diploid populations. Cell populations wer®
interpreted as DNA aneuploid when the DNA index was greate!
than 1.1 or smaller than 0.9. A DNA tetraploid population was
defined as an DNA aneuploid population of cells at 4C DNA
including at least 20% of the total number of cells and anothef
peak of cells at 8C DNA. Doublets were calculated by interp®
lating the heights of the singlet and triplet peaks. The % G2M
minus the doublets was felt to represent a more accurat®
assessment of % G2M or % 4C cells. All results were analyz€
using Excel (Microsoft Corporation, Redmond, Washingto™
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Table 1. Serum calcium values at follow-up studies.

Calcium Single gland Multigland
(mmol/L)” disease (n) disease (n)
2.20-2.45 143 89
2.45-2.65 14 15
>2.65 3 10

“ Normal calcium 2.20-2.65 mmol/L.
n: Number of patients.

U.S.A.). For comparison between the incidence of DNA dip-
loid and DNA aneuploid populations among normal size, single
and multiple enlarged parathyroid glands, a chi-square test was
used. A Student t-test was used to compare means of %
S-phase, % G2M and the corrected % G2M for doublets.

Results

Clinical Follow-Up

One-hundred and sixty patients with a single enlarged parathy-
roid gland were followed for a mean period of 12.8 years (range
4-35 yrs). The average age at the time of parathyroidectomy
was 47.9 years (range, 12-73 yrs). Two thirds of the patients
were females. The mean weight of the removed enlarged
parathyroid glands was 1,556 mg (range 115-16,767 mg).

Temporary hypocalcemia (<2.20 mmol/L) occurred in 43
(229%) patients. Supplementation of calcium was withdrawn in
17 patients before discharge from the hospital, Only 2 (1.2%)
Patients had permanent hypoparathyroidism after parathyroid-
ectomy.

The levels of serum calcium at the time of follow-up studies
are listed in Table 1. Parathyroid hormone assays were done in
9 patients with levels of serum calcium between 2.45 and 2.65
mmol/L.. All were normal.

Three (1.9%) patients with single gland disease had persistent
hYpe:rparathyroidism. At re-operation an enlarged parathyroid
was found dorsal to the trachea in one patient, in the other, it
was located dorsal to the esophagus. The third patient had mild
hypercalcemia, serum calcium of 2.70 mmol/L, without symp-
toms and was not considered for re-operation. Recurrent hyper-
Parathyroidism was not observed in patients with a single
enlarged parathyroid gland.

Follow-up information was available on 114 of 179 patients
With multigland disease. Forty-seven patients had died and the
Tesidence of 18 was unknown. The mean follow-up was 14.1
Years (range 1-29 yrs). The average age at the time operation
Was 48.7 years (range 15-76 yrs). Distribution of females to
Males was 2:1. Only 18 (9.8%) of 179 patients with multigland
disease had four enlarged parathyroid glands. Forty (22.1%)
Patients had three enlarged parathyroid glands, and 120 (67%)
Patients had two enlarged glands. In one patient five enlarged
8lands were found. In the group of patients with two enlarged
Parathyroid glands, 72 patients had one parathyroid tumor on

he right side and the other on the left. The mean weight of the
Cnlarged parathyroids was 949 mg (range 45-18,000 mg).

Temporary hypocalcemia required calcium supplementation
0 29 (25.4%) patients. Nineteen patients had to continue
Calcium medications after discharge from the hospital. Perma-

Table 2. Histological classification of parathyroid glands.
Multiple

Normal-size Single enlarged enlarged
Classification glands glands glands
Normal 316 6 70
Adenoma 2 58 22
Hyperplasia 10 48 84
Unclassifiable 1t 18 30

nent hypoparathyroidism occurred in 5 (4.4%) patients. In 4
patients permanent hypoparathyroidism followed second oper-
ations for persistent hyperparathyroidism.

The serum calcium values at follow-up are shown in Table 1.
Parathyroid hormone assays were done in 12 patients with
serum levels of calcium between 2.45 and 2.65 mmol/L. In 3
patients, elevated PTH values were found, Eight (7.0%) pa-
tients had postoperative hypercalcemia due to persistent hyper-
parathyroidism. In 3 patients with persistent hyperparathyroid-
ism, enlargement of 4 parathyroid glands was found at the first
operation. Parathyroid glands weighing 160 mg, 120 mg, and 100
mg were left behind. After removal of these glands at re-
operation, permanent hypoparathyroidism followed in each
case. Four patients had persistent hyperparathyroidism due to
missed parathyroid tumors. The locations of these glands were
dorsal to the trachea (n = 1), dorsal to the esophagus (n = 1),
and within the thymus (n = 2). In one patient with persistent
hyperparathyroidism the left lower parathyroid gland was con-
sidered to be normal in size at the first operation. At re-
operation this gland was removed and weighed 250 mg. In all
but one of the patients with persistent hyperparathyroidism the
normocalcemic interval was <6 months. In one patient hyper-
calcemia developed 7 years after the first operation. Only 2
(1.8%) patients had recurrent hyperparathyroidism. The normo-
calcemic intervals were 11 years and 19 years.

Histopathology

One-hundred and thirty patients with single gland disease and
91 patients with multigland disease had adequate clinical fol-
low-up and pathologic material to be included in the histology
study.

Of the 130 cases surgically classified as single gland disease,
58 (44.6%) cases were histologically classified as adenomas, 48
(36.9%) cases were classified as hyperplasia, 18 (13.8%) cases
were unclassifiable, and 6 (4.7%) cases were classified as
normal glands (Table 2). Two patients with a single enlarged
parathyroid gland had persistent hyperparathyroidism. One
patient had a single enlarged parathyroid gland removed which
was interpreted as hyperplasia. The other patient had one
enlarged gland removed and a biopsy of one normal-size gland.
Both were interpreted as hyperplasia.

Two-hundred and six enlarged parathyroid glands were ex-
amined in the 91 patients classified by the surgeons as having
multigland disease. Eighty-four (40.9%) glands were histologi-
cally classified as hyperplasia, 70 (33.9%) glands were classified
as normal glands, 30 (14.6%) glands were unclassifiable, and 22
(10.6%) glands were classified as adenomas (Table 2),

Six patients with multigland- disease had persistent hyper-
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Table 3. DNA pattern in parathyroid glands,

DNA Normal-size Single enlarged Multiple enlarged
pattern glands glands glands

Diploid 91 27 43

Aneuploid 0 8 10

Tetraploid 1 1 1

% S-phase 1.89 3.64 3.48

% G2M 6.94 8.03 9.96

parathyroidism. In 3 of these patients all parathyroid glands
were classified as normal glands, in the other 3 patients the
glands were classified as hyperplasia. Recurrent hyperparathy-
roidism was observed in 2 patients. In | patient three enlarged
parathyroid glands (all classified as hyperplasia) were removed
at the first operation. Material from the normal-size parathyroid
which was not resected was not available for study. After 19
years, hypercalcemia developed. A hyperplastic parathyroid
gland was then found at autopsy. The other patient with
recurrent hyperparathyroidism had two enlarged upper para-
thyroid glands which were removed at the first operation.
Microscopic slides obtained at this operation were not avail-
able. Hypercalcemia developed after 11 years. At re-operation
an enlarged left lower parathyroid gland was found and re-
moved. This gland was classified as hyperplasia.

Biopsies of normal-size parathyroid glands taken from pa-
tients with single and multigland disease were combined and
analyzed as a separate group. There were 339 glands in this
group. Three-hundred and sixteen (93.2%) glands were classi-
fied as histologically normal, 2 (0.6%) glands were classified as
adenomas, 10 (2.9%) glands were classified as hyperplasia, and
11 (3.2%) glands were unclassifiable (Table 2).

Multidiscriminate analysis revealed that the presence or
absence of a normal rim, a capsule, chief or oxyphil cells, and
nuclear pleomorphism did not contribute to differentiating
among normal-size, single enlarged, and multiple enlarged
parathyroid glands. The standardized canonical coefficients of
these features were all below 0.15 [16). Mitotic activity and
blood/lymphatic vascular space involvement were not seen in
any case. Comparing normal-size parathyroid glands and the
combined group of single and multiple enlarged parathyroid
glands showed a highly significant difference (Eigenvalue =
1.0992). Microscopic cellularity was the most important differ-
entiating feature. Comparing single enlarged and multiple en-
larged parathyroid glands showed a far less significant differ-
ence (Eigenvalue = 0.317). Microscopic cellularity, lack of
stromal fat, presence of transition, and thick walled vessels
indicated single gland disease, whereas clear cells and lobular-
ity suggested multigland disease.

Flow Cytometric Nuclear DNA Analysis

Paraffin embedded material was available for flow cytometric
nuclear DN A analysis from 39 patients with single gland disease
and 27 patients with multigland disease. Ninety-two normal-
size parathyroid glands were subjected to DNA analysis. Sev-
enty-two glands were from patients with single gland disease
and 20 glands were from patients with multigland disease.
Ninety-one of 92 specimens showed cell populations with DNA
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diploid contents (Table 3). In one case a DNA tetraploid
population (DNA index = 2.05) was found. This was a biopsy of
a normal-size gland from a patient who had two enlarged glands
removed and who later developed an elevated PTH level and a
serum calcium value of 2.68 mmol/L.

DNA analysis of 36 enlarged parathyroid glands in patients
with single gland disease showed DNA diploid populations in 27
glands (Table 3). Nine glands showed DNA aneuploid popula-
tions. Six glands were hyperdiploid and 2 glands showed both
hypodiploid and hyperdiploid populations. A DNA tetraploid
population was identified in 1 aneuploid gland. None of the
patients with single gland disease had persistent or recurrent
hyperparathyroidism.

Fifty-nine enlarged parathyroid glands obtained from 27
patients with multigland disease were available for DNA anal-
ysis. DNA analysis revealed cell populations with DNA diploid
contents in 48 of 59 enlarged glands (Table 3). Eleven glands
contained DNA aneuploid populations, 6 of which were hyper-
diploid and 4 were hypodiploid. One aneuploid gland had a
DNA tetraploid population. One patient had persistent hyper-
parathyroidism due to a left lower enlarged parathyroid which
was missed at the first operation. After removal of this gland
normocalcemia followed. DNA analysis of the left lower gland
showed a DNA diploid pattern with 9.2% of cells at 4C.

The mean weight of single enlarged parathyroid glands with
DNA diploid populations was 2,092 mg (range 115-16,676 mg)
while the mean weight of single enlarged glands with DNA
aneuploid populations was 3,229 mg (range 310-12000 mg). A
Student t-test revealed no significant difference (t = 0.78).

In multiple gland disease the mean weight of enlarged glands
with DNA diploid populations was 2,027 mg (range 100-16,000
mg) while the mean weight of enlarged glands with DNA
aneuploidy was 1,150 mg (range 45-18,000 mg). Comparison of
the mean weights showed no significant difference (t = 0.80).

A chi-square test was used to compare the incidence of DNA
diploid and DNA aneuploid populations of cells in normal-size
parathyroid glands, single enlarged glands, and multiple en-
larged glands. The differences were statistically significant
when comparing normal-size glands with enlarged glands in
single gland disease (p < 0.001) or multiple gland disease (p <
0.001). However, there was no statistically significant differ-
ence in the incidences of aneuploidy in single and multiple gland
disease.

The Student t-test was used to compare the mean percentage
of cells in the S and G2M phases among the three groups. There
was a statistically significant difference between the normal-size
and enlarged glands (p < 0.001), but none between the single
and multiple enlarged glands.

Discussion

The bilateral approach to the neck is most frequently used in
parathyroid surgery [17-20]. An attempt is made to identify all
parathyroid glands during the exploration of both sides of the
neck. Proponents of the unilateral approach note that the
bilateral approach is associated with significantly longer oper-
ative time and higher incidences of transient and permanent
hypoparathyroidism and injury to the recurrent laryngeal nerve
[21, 22]. Tibblin and associates [21] recorded that the averagé
length of unilateral procedures was 22 minutes shorter when
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compared to bilateral procedures. In a comparative study by
Tibblin and coworkers [21] the occurrence of postoperative
hypocalcemia was observed. After the second postoperative
day the serum calcium returned to normal levels in the patients
undergoing unilateral exploration while in the patients who had
bilateral operations with biopsies from normal-size glands hy-
pocalcemia persisted for several days. Approximately one-third
of the patients with bilateral operations required temporary
supplementation of calcium. At follow-up only 2 of S0 patients
with bilateral operations needed vitamin D supplementation.

The occurrence of transient hypocalcemia after bilateral
operations is most likely influenced by the biopsy of normal-
size glands. In several studies, rates of transient hypocalcemia
ranging from 22% to 48% have been reported when biopsies
were taken from all parathyroid glands (23, 24]. When biopsies
were taken only sparingly, the rate of transient hypocalcemia
was significantly lower. Transient hypocalcemia was recorded
in our study in 22% of patients with single gland disease and in
25.4% of patients with multiple gland disease. To prevent
transient and permanent hypoparathyroidism biopsies are now
taken solely to ascertain the nature of the tissue when gross
€Xamination is not helpful.

The proponents of the unilateral approach adhere to the
concept that primary hyperparathyroidism is caused by enlarge-
ment of a single parathyroid gland (adenoma) or by enlargement
of all glands (hyperplasia). The unilateral approach is only
applicable to single gland disease. When one enlarged and one
normal giand are identified on the same side of the neck, single
gland disease is believed to be present and the operation is
terminated. To differentiate between normal and abnormal
glands Tibblin and colleagues [25] rely on the amount of
intracellular fat. Wang [22] uses the density test which mea-
Sures the difference in total fat content of two parathyroid
glands. Low content of intracellular or stromal fat would
indicate hormonal hyperfunction. However, several studies
have shown that the intracellular and stromal fat content vary
Widely in normal and abnormal parathyroid glands [26, 27].

In our opinion, primary hyperparathyroidism can be caused
by enlargenient of only 2 or 3 parathyroid glands. In our study,
120 patients had 2 enlarged glands, and 40 patients had 3
enlarged glands. Seventy-two of the patients with 2 enlarged
glands had 1 enlarged parathyroid on the right side of the neck
and the other on the left. An unilateral approach in these
Patients could have resulted in a high incidence of persistent
hyperparathyroidism. A study by Wells and coworkers [7]
ecorded 2 or 3 gland disease in 22% of all patients, which is in
accordance with the incidence (23%) in our study.

The extent of resection of parathyroid tissue in patients with
Multiple enlarged glands remains controversial, One group of
Authors advocates subtotal parathyroidectomy in patients with
®nlargement of two or more parathyroid glands or in the
Presence of histological features indicating hyperplasia [1-3, 9,

8). However, the microscopic criteria for hyperplasia are
Poorly defined. In our histology study we were unable to
delineate microscopic features which characterize hyperplasia.
he motive to perform subtotal parathyroidectomy is the as-
SUmption that normal-size parathyroid glands in multiple gland
1Sease are potentially hyperactive and can cause persistent and
'ecurrent hyperparathyroidism. Another group of authors does
N0t consider normal-size glands as potentially hyperactive and,

therefore, selectively removes enlarged glands irrespective of
the microscopic findings [6, 7, 29, 30]. This protocol would be
associated with high incidences of persistent and recurrent
hyperparathyroidism when normal-size glands are potentially
hyperactive. However, the rate of persistent hyperparathyroid-
ism after subtotal parathyroidectomy varies from 5% to 15%,
whereas the persistence rate after selective removal of enlarged
glands varies from 1% to 4%. In our study, which undertook
selective removal, the persistence rate was 9.6%. Recurrent
hyperparathyroidism was reported in 0.4% to 16% of the
patients after subtotal parathyroidectomy, while removing only
the enlarged glands was associated with recurrgnce rates vary-
ing between 0.4% and 8%. The recurrence rate in our study was
1.8%.

In conclusion, evidence is lacking that normal-size parathy-
roid glands are potentially hyperactive. Removal of only the
enlarged glands results in acceptable rates of persistent and
recurrent hyperparathyroidism, To prevent transient and per-
manent hypoparathyroidism a conservative approach to the
extent of resection of parathyroid tissue and to the taking of
biopsies is preferable.

The aim of our histopathology study was to determine if
microscopic examination of parathyroid tissue can differentiate
among normal parathyroid glands, single enlarged glands, and
multiple enlarged glands. Biopsies of normal-size parathyroid
glands were histologically classified as ‘‘normal”” in 93.2% of
cases. The specificity of the histological diagnosis of ‘‘normal”
was 80% because one-third of the multiple enlarged glands were
called “‘normal’’ by the pathologists. Of the 130 cases classified
as single gland disease, only 44.6% were histologically classified
as ‘‘adenomas’, A compressed rim of ‘‘normal’’ parathyroid
tissue, which is the most traditional finding in parathyroid
adenomas, was only present in one-third of the single enlarged
glands. Recognizing the shortcomings of the traditional criteria
and accepting the concept of ‘‘focal hyperplasia’, Ghandur-
Mnaymneh and Kimura [15) reclassified 172 patients with
primary hyperparathyroidism. Of 144 cases considered to be
hyperplastic, 129 cases showed only single gland enlargement
and thus, were considered as examples of ‘‘focal hyperplasia™.
Our results are similar to these of Ghandur-Mnaymeh and
Kimura in that many, nearly 40%, of our cases with single gland
disease were classified histologically as examples of hyperpla-
sia.

Our results show that the microscopic classification of abnor-
mal parathyroid glands as hyperplasia or adenoma correlates
poorly with the gross classification as single gland disease and
multigland disease. However, the pathologist can distinguish
normal from abnormal parathyroid glands with a fair degree of
accuracy. We feel that this distinction should be the primary
aim of microscopic examination of frozen and permanent sec-
tions.

The inability to discriminate microscopically between single
gland disease and multigiand disease has led to a quest for
objective means to make this differentiation. Flow cytometric
DNA analysis has been used for this purpose.

One of the issues to be resolved is if flow cytometric DNA
analysis can detect potentially hyperactive parathyroid glands
which are normal in size. In a study by Irvin and colleagues [11]
the mean of the percentage of cells at 4C (G2M) of normal-size
glands was 7.48%. Eleven patients had normal-size glands that
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had % 4C greater than 6%. In 7 of these patients elevated serum
PTH levels were found postoperatively. Levels of serum PTH
were normal in all patients who had normal-size glands with %
4C less than 6%. The mean % 4C of the normal-size glands in
our study was 6.94%. Two patients had persistent hyperpara-
thyroidism. In 1 patient the enlarged parathyroid gland which
was missed at the first operation showed a DNA diploid pattern
with % 4C of 9.2%. In the other patient a DNA tetraploid
population (% 4C greater than 20%) was found in a normal-size
gland. One aneuploid gland was reported by Irvin and associ-
ates [11] and this normal-size gland was found in a patient who
had elevated PTH levels postoperatively.

The value of the percentage of cells in the S-phase in
predicting persistent hyperparathyroidism is difficult to assess
because the % S-phase is not reported in other studies. In our
study a correlation between % S-phase and persistent hyper-
parathyroidism was not found.

The percentage of single enlarged glands (adenomas) with
DNA aneuploidy are reported in several studies and vary from
5% to 26% [11, 12, 31, 32]. In our study 22% of the single
enlarged glands had DNA aneuploid populations. Joensuu and
Kiemi [32] in their study of DNA aneuploidy in adenomas of
endocrine organs state that DNA aneuploidy occurs commonly
in several types of human endocrine adenomas. The prognosis
of aneuploid adenomas appears to be as good as that of diploid
ones, but little is known about their tendency to progress into
histologically and clinically malignant neoplasms if left in place.

Multigland disease (hyperplasia) is defined differently in
various studies. Bowlby and coworkers [12] defined primary
hyperplasia by the gross identification of 3 enlarged glands,
each weighing >60 mg. In 2 of 10 glands DNA tetraploidy was
reported. Irvin and associates [11], who required microscopic
confirmation of hyperplasia, reported aneuploidy in 1 hyper-
plastic gland. Aneuploidy was observed in our material in 10
hyperplastic glands and tetraploidy in | hyperplastic gland.

Significant differences were found in the incidence of DNA
aneuploidy and the mean percentage of cells in the S-phase or
G2M phase when comparing normal-size and abnormal glands,
but none between single giand disease and multigland disease.
These results merely confirm the conclusions of our histopatho-
logic study that normal glands can be identified with a fair
degree of accuracy, but the distinction of single gland disease
from multigland disease is essentially impossible.

In conclusion, removal of only enlarged parathyroid glands in
primary hyperparathyroidism is associated with acceptable
rates of persistent and recurrent hyperparathyroidism. In this
long-term follow-up study, evidence is lacking that normal-size
parathyroid glands are potentially hyperactive. The role of
microscopic examination of parathyroid tissue seems to be
limited to the distinction of normal from abnormal parathyroid
tissue. Flow cytometric DNA analysis can objectively differen-
tiate normal from abnormal parathyroid glands. The application
of flow cytometric DNA analysis appears to be in its early
stages. More studies remain to be done. Until these are com-
pleted, it appears premature to make any conclusive statements
concerning the role that DNA analysis may play in the elucida-
tion of the pathogenesis of primary hyperparathyroidism or the
contributions it may make to the evaluation and care of patients
with this disease.
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Résumé

Deux cent soixante quatorze patients ayant une hyperparathy-
roidie primaire ont eu une exérése élective des glandes parathy-
roides hypertrophiques. Des biopsies ont été prélevées au
niveau de toutes les glandes parathyroidiennes. Les glandes de
taille normale ont été laissées en place quel que soit leur aspect
histologique. Aprés un suivi moyen de 13.5 ans, les taux
d’hyperparathyroidie persistante et de récidive étaient observés
chez 3.6% et 2.5% des patients. Une hypoparathyroidie transi-
toire est survenue dans 24% des cas et elle était permanente
chez 2.5% des patients. Les lames provenant des glandes
hypertrophiques et des biopsies réalisées au niveau des glandes
de taille normale ont été revues par deux anatomopathologistes.
On a pu distinguer les glandes parathyroides normales des
glandes anormales avec une assez bonne précision (sensibilité
93%, spécificité 80%). La classification histologique des anom-
alies parathyroidiennes en adénome et en hyperplasie était mal
correlée 2 la classification selon le caractére unique ou multiple
de I'atteinte glandulaire. Une analyse de I ADN par cytométrie
de flux sur les coupes de tissu parathyroidien inclus dans la
paraffine a montré des différences significatives en ce qui
concerne I'index ADN, le pourcentage de phase S et de G2M (p
< 0.001). Il n’était pas possible, d’aprés I’analyse de ' ADN, de
faire la différence entre atteinte uni ou pluriglandulaire. En
conclusion, 1’éxérése des seules glandes hypertrophiques donn¢
des résultats acceptables en ce qui concerne le taux de persis-
tance ou de récidive de I'hyperparathyroidie. Des biopsies né
devraient étre prélevées que dans des cas sélectionnés pour
prévenir I"hypoparathyroidie permanente ou transitoire. L’ex-
amen histologique et 1'analyse par cytométrie de flux peuvent
différencier les glandes normales des parathyroides patholog-
iques mais ne sont pas capables de distinguer atteintes uni et
multiglandulaires.

Resumen

Doscientos setenta y cuatro pacientes con hiperparatiroidismo
primario fueron sometidos a reseccién selectiva de las gldndulas
paratiroides aumentadas de tamaro. Se tomaron biopsias de 12
totalidad de las gldndulas paratiroides; las paratiroides d¢
tamafio normal fueron dejadas, sin tener en cuenta la aparienci2
microscépica. En un seguimiento promedio de 13.5 afios las
tasas de hiperparatiroidismo persistente o recurrente fueron
3.6% y 2.5%, respectivamente. Se observé hipoparatiroidism®
transitorio en 24% y permanente en 2.5% de los pacientes. 105
cortes microscopicos de las glindulas aumentadas de tamafio ¥
de las biopsias de las glandulas de tamafo normal fuerof
revisadas por dos patélogos. La diferencia entre giandulas
normales y glindulas anormales fue establecida con bastant€
certeza (sensibilidad = 93%, especificidad = 80%). La clasifi”
cacién microscopica de las glandulas anormales entre adenomas ¢
hiperplasia se correlacioné pobremente con la clasificacién macro”
scopica entre enfermedad uniglandular o enfermedad multigla®”
dular. El andlisis de DNA por citometria de flujo del tejid®
paratiroideo incluido en parafina demostrd diferencias signifi
cativas en cuanto al indice de DNA, el % de formas S y el % d¢
G2M (p < 0.001). La diferenciacién entre enfermedad uniglam
dular y enfermedad muitiglandular no fue posible mediante €
andlisis de DNA. En conclusién, la reseccién de sélo Ia$
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paratiroides aumentadas de tamano resulta en tasas aceptables
de hiperparatiroidismo persistente o recurrente. Sélo ocasional-
mente se deben tomar biopsias, para asi evitar el hipopara-
tiroidismo transitorio o permanente. El examen microscépico y
¢l analisis de DNA por citometria de flujo pueden diferenciar
entre glindulas paratiroides normales y gldndulas anormales,
pero no entre enfermedad uniglandular y enfermedad multiglan-
dular.
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should not be based solely on a gross examination of the
parathyroid glands rather than on a proper histopathological
diagnosis. The rationale of their recommendation is their view
that the choice of surgical procedure should preferably rely
upon an evaluation of the glandular size and is best made by an
experienced surgeon al operation.

This view can, of course, be discussed. A major problem in
parathyroid histopathology concerns the discrimination be-
tween adenoma and hyperplasia (chief cell type), but modern
histochemical techniques may decisively contribute to the
distinction between single gland and multigland disease.

In the present study there was a considerable discrepancy
between the microscopic and macroscopic evaluation irrespec-



