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Chapter 1

INTRCDUCTION






One century after F. D. von Recklinghausen described "osteitis fibrosa
cystica generalisata™ the eticlogy and pathogenesis of primary
hyperparathyroidism remain poorly understood.! The clinical picture and
pathology of primary hyperparathyroidism have changed considerably during the
past 70 vyears. The first patients operated upon for primary
hyperparathyroidism had severe bone disease which was caused by
enlargement of a single parathyroid gland {"adenoma"). In the 1930's Albright
and Bauer reported the relationship between renal concrements, nefrocalcinosis
and primary hyperparathyroidism.> One decade later peptic ulcers and acute
pancreatitis were associated with primary hyperparathyroidism.>** At present,
half of the patients with primary hyperparathyroidism is asymptomatic or has
vague symptoms as muscular weakness, fatigue and mental disturbances.’
This changed clinical picture of primary hyperparathyroidism is probably due to
the early detection of primary hyperparathyroidism after the introduction of
automated routine assessment of serum calcium.

The first pathological entity reported in primary hyperparathyroidism was
a parathyroid "adenoma”, removed by Mandl in 1925.° Churchill described in
1833 three patients with enlargement of all four parathyroid g[ands.7
Microscopical examination of these glands showed acinar-like arrangement of
large water clear cells. This entity was called "water clear cell hyperplasia”.
For unknown reasons "water clear cell hyperplasia” has become rare. in 1858
Cope et al. reported another form of hyperplasia which was referred to as
"chief cell hyperplasia”.? Parathyroid "adenomas” and "chief cell hyperplasia”
were difficult to differentiate microscopically. No single differentiating
morphological criterion has been reported. Separating parathyroid "adenomas”
and "chief cell hyperplasia” grossly was also difficult since asymmetrical
enlargement of the parathyroid glands in "chief cell hyperplasia”™ was frequently
seen.’

Although at first the incidence of "chief cell hyperplasia” was
considered to be low, Paloyan suggested in the 70’s that most cases of primary
hyperparathyroidism were caused by hyperplasia of the parathyroid glands.
Therefore, Paloyan recommended subtotal parathyroidectomies in all patients
with primary hyperparathyroidism.'® However, permanent hypoparathyroidism
is a common complication of subtotal parathyroidectomies, and evidence was
lacking that most patients with primary hyperparathyroidism had hyperpiasia.
Therefore, subtotal parathyroidectomy was not accepted as a routine treatment
of primary hyperparathyroidism.

In 1971 Bruining hypothesized that all cases of primary
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hyperparathyroidism showed hyperplasia in the early stage of the disease.”
Hyperplasia would transite into nodular hyperplasia and finally an adenoma
would eveolve with involution of the remaining three parathyroid glands. An
increase of the Incidence of hyperplasia was attributed to the earlier diagnosis
of primary hyperparathyroidism.

In 1884 Ghandur and Kimura redefined the pathology of primary
hyperparathyroidism and reclassified 172 cases with primary
hyperparathyroidism.”> In 75 % of cases with single gland enlargement
hyperplasia was found at microscopical examination of all parathyroid glands
what induced the term "focal hyperplasia”. Almost half of the patients with
focal hyperplasia developed post-operatively evidence of parathyroid
hyperfunction after removal of the enlarged parathyroid gland.

The unresolved pathology of primary hyperparathyroidism has resulted in
a continuous debate on the optimal surgical treatment of primary
hyperparathyroidism. Bilateral and unilateral approaches are advocated, Some
surgeons use the histological appearance of parathyroid tissue at frozen section
tc determine the extent of parathyroidectomies.'®™ ' When a hyperplastic
parathyroid gland is reported by the pathologist, 3 or 3 1/2 parathyroids are
removed. An aiternative approach to parathyroid surgery is to rely solely on the
gross characteristics of parathyroid glands and remove only eniarged glands.'® '8

The scope of this thesis is:

- To review diagnostic procedures in primary hyperparathyroidism

- To review localization studies of parathyroid glands in primary
hyperparathyroidism

- To assess the optimal surgical treatment of primary
hyperparathyroidism by studying the rates of persistent or
recurrent hyperparathyroidism

- To atiempt to classify primary hyperparathyroidism by
histopathology

- To determine DNA patterns in parathyroid glands in primary
hyperparathyroidism
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Chapter 2

DIAGNOSIS OF PRIMARY HYPERPARATHYROIDISM






The diagnostic procedure for primary hyperparathyroidism begins with the
exclusion of diseases, other than primary hyperparathyroidism, which are
associated with hypercalcemia, and performing laboratory tests which assess
the function of the parathyroid glands. Dependence on clinicai symptoms to
establish the diagnosis of primary hyperparathyroidism is hazardous since they
may vary considerably ranging from the absence of symptoms to the presence
of severe Dbone or renal disease. The advanced stages of primary
hyperparathyroidism have become rare since the introduction of the mulii-
channel auto-analyzer. A sevenfold increase in the annual incidence of primary
hyperparathyrcidism has been noted, with a concomitant decrease in the
frequency of urelithiasis from 51 to 4 percent. The propertion of asymptomatic
patients has aisc changed from 18 to 51 percent.(1}

The cornerstone for the diagnosis of primary hyperparathyroidism is
hypercalcemia. However, the detection of hypercalcemia may be elusive
because of frequent fluctuations of serum calcium between normal and elevated
values. Lobaugh et al. studied 14 patients with primary hyperparathyroidism
before and after parathyroidectomies.{2) Circadian rhythms of serum ionized
calcium were determined before and after parathyroidectomies. The highest
concentration of ignized calcium occurred between 0800 pm and 0900 pm, and
the lowest, between 0800 and 0800 am. The difference between the highest
and lowest values of ionized calcium was 0.08 mmol/L. Parathyroidectomy
restored the reciprocal relationship between the levels of ionized calcium and
parathyroid hormone which were disturbed before the operations. These data
show that specimens drawn at different times throughout the day may be most
helpful in establishing the diagnosis of primary hyperparathyroidism in patients
with mild disease or borderline biocchemical findings.

Assays of serum calcium measure total calcium. However, Moore
determined levels of tota! serum calcium, protein bound calcium and ionized
calciurm in 42 patients with cirrhosis and 21 healthy persons, and found that
approximately 47 percent of serum calcium was icnized, 40 percent was bound
to proteins, principally albumin, and the remainder was complexed to citrate and
other organic anigns. There is general agreement that the ionized form of
calcium is the only physiologically important component.(3)

Ighal showed that after correction of serum calgium to & serum albumin
level of 40 g/L resulted in an increase of more than 0.2 mmol/L in 22.7 percent
of 188 patients with various diseases and a decrease of more than 0.2 mmol/L
in 7.1 percent.{4) Therefore, adjustment for serum levels of albumin is neces-
sary for assessment of the "true™ caicium level. Total serum calcium can be



adjusted for serum albumin as follows: for every 1T g/L by which the serum
albumin exceeds 40 g/L, 0.02 is subtracted from the total. A corresponding
correction is made when the serum albumin is less than 40 g/L..(5)

Primary hyperparathyroidism is classically associated with hypophosp-
hatemia since parathyroid hormone reduces the reabsorption of phosphate in the
renal tubules. However, it is not uncommon to find normal or elevated levels of
phosphate in patients with primary hyperparathyroidism.(8) Juttman et al.
found onily 56 patients with low serum levels of phosphate among 125 patients
with primary hyperparathyroidism.(7)

The reabsorption of bicarbonate in the kidney is decreased by parathyroid
hormone leading to a metabolic acidosis which is accompanied by an elevated
serum level of chleride. in spite of this phenomenon Shishiba et al. found that
30 percent of 63 patients with primary hyperparathyroidism had a positive,
instead of a negative base excess.{8)

Although the serum levels of chloride and phosphate independently do not
aid much in the diagnosis of primary hyperparathyroidism, Palmer et al. demon-
strated that the chloride / phosphate ratio was helpful in differentiating the
hypercalcemia of primary hyperparathyroidism from other forms of hypercal-
cemia.(9) Broulik and Pacovsky and Juttman et al. reported positive predictive
values of 96 and 91 percent respectively by using the chloride / phosphate ratio.
{10,7) Shishiba et al. found that the chloride / phosphate ratio was abnormal in
only 15 percent of patients with primary hyperparathyroidism.{8)

Serum alkaline phosphatase, which reflects the activity of ostecoblastic
celis, is only elevated in primary hyperparathyroidism with skeletal changes. In
the study of Juttmann et al., the serum alkaline phosphatase was elevated in 34
percent of patients with primary hyperparathyroidism.{7)

In 1867 Chase and Aurbach reported increased urinary excretion of cyclic
adenosine monophosphate ( cAMP ) in patients with primary hyperparathyroi-
dism.(11) In normal individuals half of urinary cAMP is plasma cAMP, which is
filtrated in the glomeruli, and the other half is produced by the renal tubuli
(nephrogenous cAMP). PTH increases the production of nephrogenous cAMP.
Broadus et al. demonstrated a significant correlation between the excretion of
cAMP and primary hyperparathyroidism.(12) However, Schweigar: et al.
considered the assessment of cAMP valueless in establishing the diagnosis of
primary hyperparathyroidism.(13) Increased excretion of urinary cAMP is non-
specific and can be observed in diabetes mellitus, hyperthyroidism, phaeochro-
mocytomas and tumoral hypercalcemia.

Parathyroid hormone enhances the renal excretion of phosphate by
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inhibiting reabsorption of phosphate in the proximal renal tubules. Because of
variations in dietary phophate and renat function there is an overlap between the
levels of tubular reabsorption of phosphate in normal individuals and patients
with primary hyperparathyroidism.(14} Walton and Bijvoet proposed 2 method
to determine the maximal reabsorption of phosphate in terms of renal function {
TmP/GFR ratio }.{15) The TmP/GFR ratio should be a better indicator of primary
hyperparathyroidism than tubular reabsorption of phosphate. However, the
TmP/GFR ratic is also altered in hypertension, familiai hypocalciuric hypercalce-
mia and by the adminstration of estrogens and corticosteroids.(16) Menko found
low values of the TmP/GFR ratio in 68 percent of patients with primary hyperpa-
rathyroidism. (17}

Calcium infusions into normal individuals lower the serum level of parathy-
roid hormone. Hackeng et al. showed in 12 normal individuals a decrease of the
plasma level of intact parathyroid hormone from 2.2 to 1.2 pmol/L after oral
ingestion of 1000 mg calcium.{18) In 9 patients with primary hyperparathyroi-
dism Tohme et al. found significantly less suppressibility of intact PTH (N-
terminal assay) than in 9 normal persons.(18} [n patients with primary hyperpa-
rathyroidism the fall of serum levels of parathyroid hormone should also be less
after infusion of calcium when compared to normal individuals. However, the
degree of autonomy or suppressibility of parathyroid function in primary hyper-
parathyroidism varies. WUpon inducing hypercalcemia Murray et al. found a
reduction of plasma parathyroid hormone concentration of 55 percent in 9
patients with parathyroid adenomas and of 50 percent in 3 patients with
parathyroid hyperplasia.{20) Reiss and Canterbury observed after infusion of
calcium no change in serum levels of parathyroid hormone in 7 patients with
adenomas, although serum parathyroid hormone levels in 3 patients with
hyperplasia were suppressed 1o a degree comparable to that in normal individu-
als.{21) Brown et al. reported the calcium sensitivity of dispersed cells derived
from adenomas and hyperplastic parathyroid glands.(22) The release of parathy-
roid hormone was suppressed by 50 percent or mgre in cells from 7 of 9
hyperplastic glands and from 8 of 12 adenomas. Cells taken from hyperplastic
glands, however, were suppressed by significantly lower concentrations of
calcium than those from adenomas and resembled normal parathyroid cells in
that respect.

Renal excretion of calcium is determined by a balance between the
glomerular filtration of calcium and its reabsorption in the tubules. In primary
hyperparathyroidism the relationship between calcium excretion and the serum
level of calcium is shifted to the right. Therefore, the calcium excretion can be
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normal in patients with mildly elevated levels of serum calcium.{23)

The diagnostic value of biopsies of bonie in primary hyperparathyroidism is
limited. Delling et al. described the histology of bone biopsies in 391 patients
with primary hyperparathyroidism.(24) In more than 45 percent of patients a
nen-specific increase of ostecid seams, osteoblasts and osteoclasts was
observed. Fifty percent showed specific, but very often mild, endosteal fibrosis.
Only in 4 percent of patients was there severe fibro-ostesclasis with develop-
ment of brown tumgors. Juttman et al. found increased bone turnover in up to
85 percent of the patients in their study of 125 patients with primary hyperpara-
thyroidism. (7}

Radiologic skeletal abnormalities occur when more than one quarter of the
bone (mineral} mass has been lost.(25) Currently, bone disease of such severity
is very rare in primary hyperparathyroidism. Therefore, radiologic investigations
have lost their value in the diagnosis of primary hyperparathyroidism.

Establishing the diagnosis in patients with hypercalcemia, using readily
available biochemical assays, appeared to be improved by applying the techni-
que of discriminant function analysis. Gibb et al. reported z study of 148
patients with hypercalcemia due to primary hyperparathyroidism, malignancies
and other causes.(28) The usefui variables to discriminate hypercalcemia of
primary hyperparathyroidism from tumoral hypercaicemia were, in decreasing
crder of importance, plasma albumin, plasma chloride, (logaritmic analysis of)
calcium excretion and (logaritmic analysis of) plasma gamma GT. Plasma
albumin levels had the greatest discriminant power, higher concentrations being
more commonly associated with primary hyperparathyroidism. The proportion
of patients correctly assigned by this process was nearly 90 percent. Lacher et
al. found serum zlbumin t¢ be the single parameter to discriminate hyperparathy-
roidism from tumoral hypercalcemia.(27) However, serum albumin alone could
only detect about 81 percent of the patients. Discriminant analysis with 20
laboratery tests, including an assay for carboxy terminal parathyreid hormone,
could perfectly separate the two groups.

More recently, the measurement of parathyroid hormone has emerged as
the optimal method for establishing the diagnosis of primary hyperparathyroi-
dism. After the first description of a radio-immuno assay for parathyroid
hormone by Berson and Yalow the role of parathyroid hermone assays was
controversial for many years because of variations in the specificity and sensiti-
vity of different methods which employed different antibodies.(28,28) Parathy-
roid hormone is secreted as a single chain polypeptide of 84 amino acids,
although there is in vivo and in vitro evidence of breakdown of the peptide in
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parathyroid cells and for the secretion of shorter fragments.{(30-32) The intact
peptide disappears rapidly from the circulation by cleavage between the residues
33-36 by the Kupffer cells of the liver.(34,35) The biclogical activity of the
hormone is determined by the amino acids 1-34 at the amino-terminal end ¢f the
molecule. This amino-terminal fragment has a plasma haif life of a few minutes.
The remainder of the molecule, containing aming acids 35-84, which is the
carboxyl-terminat portion, is devoid of biclogical activity. The carboxyl-terminal
fragment is excreted by the kidney and normally has a plasma half life of
approximately one hour.(36)

Gough et al. have reviewed the results of different parathyroid hormone
assays.{368) In 438 patients with primary hyperparathyroidism, the resuits of
assays for the carboxyl-terminal type were eievated in 87 percent of the
patients, while those of the assays for the amino-terminal type were elevated in
87 percent of 301 patients. In their own series of 204 patients, elevated
carboxyl-terminal assay resulis were observed in 91 percent of patients, and the
amino-terminal assay results were elevated in only 24 percent.

Subsequently assays for the mid-region were developed. Blind et al.
found the sensitivity of the mid-region assay to be nearly 90 percent.(37)
However, in one third of patients with tumoral hypercalgcemia elevated mid-
region assays were found. Impairment of renal function or interaction of an
immunogiobulin with the antibody may have caused the elevated values.(38)
The diagnostic value of carboxyl-terminal and mid-region assays is limited, in
spite of a satisfactory sensitivity, because they detect biologically nactive
fragments. The disadvantage of the amino-terminal assay is that although it can
recognize the biologically active part of the molecule, it lacks the sensitivity 1o
measure normal levels. (39)

Recently, a two-site immunochemiluminometric assay for parathyroid
hormone has been described.(40) The method relies on the fermation of an
immune complex of labeled anti-aming-terminal PTH antibody, intact PTH, and
solid phase anti-midregion PTH antibody. A chemiluminescent compound is
used as a label. Only intact parathyroid hermone is recognized by this system,
and carboxyl-terminal fragments do not interfere with the measurement. The
ability of the assay to detect levels of intact human PTH as low as 0.8 prmol/L
allowed detection of intact PTH in the serum of all norma! subjects tested. A
clear distinction was found between hypercaicemic individuals, subsegquently
proven t0 have primary hyperparathyroidism and those with malignancies. This
assay has the potential to detect all cases of primary hyperparathyroidism. The
intact parathyroid hormone assay z2lso has an important role in monitoring the
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treatment of renal bone disease ( secondary hyperparathyroidism }. Likewise the
immunoradiometric assays ( IRMA |} for intact parathyroid hormone, using a
radio-active label, have been reported to identify normal subjects, patients with
tumeral hypercalcemia and with primary hyperparathyreoidism, and distinguish
them from each other.(18,41-44) Care has to be tzken to draw the bicod
samples in the fasting state, as an oral calcium load may lower the level of
intact PTH in normal individuals and patients with primary
hyperparathyroidism.{18) These assays can detect intact PTH in concentrations
as low as 0.6 pmol/L. Since the assays for intact parathyroid hormone may
take days to complete, they cannot be done intra-operatively.

A parathyroid hormone related protein { PTHrP } has recently been isolated
from tumors associated with tumoral hypercalcemia.(45-48) The PTHrP gene
encodes three related PTHrP molecules.{50) All have the same amino acid
sequence through residue 139. The amino acid sequence of PTHrP shows
partial homology to the sequence in parathyroid hormone from amino acid 1
through amine acid 13, but differs thereafter.{51) Several authors have reported
interaction of PTHrP with PTH receptors, resulting in hypercalcemia when
infused into animals.(52-57) Burtis et al. introduced two sensitive immuno
assays for PTHrP, one of those an immuno radiometric assay. The level of
PTHrP was found to be normal or low in primary hyperparathyroidism, while in
the majority of patients with tumoral hypercalcemia it was increased.
Depending on the clinical setting, assessment of PTHrP may be helpful in the
differential diagnosis of primary hyperparathyroidism. Cn the other hand the
levei of intact PTH will be suppressed in tumoral hypercalcemia.

in conclusion, the gold standard to establish the dizgnosis of primary
hyperparathyroidism is the two-site immuno-radiometric assay which measures
intact PTH in the fasting state. This assay provides dependable discrimination
of patients with different forms of hypercalcemia and as a rule allows a rapid
diagnosis of primary hyperparathyroidism.
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LOCALIZATION STUDIES OF PARATHYROID GLANDS
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Localization studies of parathyroid glands play @ debatable role in the
management of primary hyperparathyroidism. Preoperative localization of
enlarged parathyroid glands would potentially facilitate exploration, reduce
operation time and increase the success rate of parathyroid surgery. However,
the success rate of first operations for primary hyperparathyroidism by
experienced surgeons is over S0 percent.! Therefore, the necessity for
localizing studies seems limited in patients undergoing first explorations of the
neck. Nevertheless, in institutes preferring unilateral approaches, imaging
studies are of great importance in localizing the side of the enlarged parathyroid
g[and.2 Reoperations for persistent or recurrent hyperparathyroidism have less
favorable results due to fibrosis and anatomically distorted areas, and lead 1o
increased rates of complications like permanent hypoparathyroidism and injury
of the recurrent laryngeal nerve.>* In such patients localization studies could
be valuable.

Various techniques of parathyreid localization have been attempted, but
most have been relatively unsuccessful. Intravenous and intra-arterial injections
with selenomethionine (™Se} ¢, ™' scanning’, thermography®®, barium
swallow'™", neck massage before parathyroid hormone measurement'?,
intravenous methylene blue injection13 and thyroid Iymphography“’ revealed poor
results, Most of these localization techniques will identify only large
parathyroid tumors ( more than 2 c¢m in diameter), which account for a low
percentage of abnormal parathyroid glands.” More sensitive and specific
localization techniques have recently become available.

Ultrasonography

High resolution real-time 10 MHz ultrasonography recognizes enlarged
parathyroid giands as oval, solid lesions with iess echogenecity than the thyroid
gland. These aspects should, when cembined with the anatomic location of the
parathyroid glands, enable the investigator to identify parathyroid tumors.
Normal parathyroid glands are generally not visualized sonographically because
of their small size and close anatomic relationship to, and iscechogenecity with,
the thyroid gland.'®™

Graif et al.” reported the results of pre-operative high resolution
sonography of the neck in 53 patients with primary hyperparathyroidism. Fifty-
one of 62 parathyroid tumors (83 percent) were located by ultrasound. The
mean length of the identified parathyroid tumors was 16 mm { range: 8 - 35
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mm). The largest parathyroid tumor missed on sonography measured 45 mm in
its longest axis, and was [ocated in the mediastinum. Distinction of cystic
parathyroid tumers from thyroid cysts proved to be difficult. Parathyroid glands
located in the mediastinum were not easily identified by ultrasound since the
bony thoracic cage covering the mediastinum impedes thorough sonographic
examination. The cartaliginous structures of the larynx rendered the upper
parathyroid glands less accessible in some patients. According to Randel et
al.?® 10 -15 percent of the parathyroid glands are located in regions inaccessible
to ultrasound.

Stein and Wexler?' reported a sensitivity of realtime 10 MHz
ultrasound of 87 percent for adenomas, while the sensitivity for hyperplasia
was as low as 38 percent in & study of 27 patients with primary
hyperparathyroidism. Parathyroid glands weighing 280 mg or more could be
correctly identified by ultrasound. On the other hand, enlarged parathyroid
giands weighing up to 3000 mg were also missed by ultrasound of the neck.

Lloyd and Lees®™ showed in a study of 173 patients that the sensitivity
of ultrasound to detect abnormal parathyroid glands was profoundly dependent
on the experience of the gperator ¢of the ultrasound. The most experienced
ultrasonologist detected 63 percent of parathyroid adenomas compared with a
rate of detection of 20 percent by inexperienced radiclogists. The mean weight
of detected zbnormal parathyroid glands was 2.2 ¢ ( 0.17 - 15.7 g). The
missed enlarged glands had a mean weight of 0.28 g { 0.07 - 0.36 g ). Failure
of detection was related to concurrent abnormalities of the thyroid gland, small
sizes of parathyroid tumors or to localizations of parathyroid tumors in the
space dorsal to the esophagus or within the thymus, both sites being difficult
accessible to ultrasound. All parathyroid glands weighing more than 0.36 g and
located in normal anatomic positions were detected by ultrasound.

Kern et al.® reported the results of intra-operative ultrasonography. In
3¢ patients who had reoperations of the neck because of persistent
hyperparathyroidism, pre-operative ultrasonography correctly localized 20 of 41
abnormal parathyroid glands. Intra-operative ultrasound visualized 33 of 41
abnormal parathyroids. Five intrathyroidal parathyroid adenomas were correctly
identified - by intra-operative ultrasound. One false positive finding with
ultrasound resulted from visualization of @ mediastinal lymph node.

Norton et al.®® also found intra-operative ultrasound to be superior 10
pre-operative ultrasound. in 25 patients undergoing recperations for persistent
or recurrent hyperparathyroidism 8 parathyroid tumors were localized
preoperatively by ultrasound, while intra-operative ultrasound identified 19 of
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25 parathyroid tumors correctly. Intrathyroidal parathyroid glands and the
lower parathyroid glands were localized reliably, but only two thirds of the
enlarged upper parathyroid glands were detected. The average length of the
operative procedures was significantly reduced by 2.8 hours when intra-
operative ultrasound was used to localize enlarged parathyroid glands.

Differentiation of posteriorly located thyroid nodules from enlarged
parathyroid glands can be difficult with ultrasound alone, since thyroid nodules
may show the same pattern of echoes as enlarged parathyroids.® ¥ Fine
needle aspiration biopsies have increased the specificity of the detection of
pathologic parathyroid glands by ultrasound.

Karstrup et 2l.® examined cytologiczally the aspirated material from 14
ultrasonographically suspect enlarged parathyroid glands. At operation the
presence of parathyroid tumors was confirmed. In 10 of 14 cases parathyroid
cells were found at cytolegy, in the remaining 4 cases only cells of endocrine
arigin were seen. Anazlysis for parathyroid hormone content revealed in 19 of
20 parathyroid glands a high content.

in a study of 16 patients by Verbanck et al.¥® 24 aspiration biopsies of
286 retrothyroid nodules showed parathyroid tissue. The cell block technique for
histological examination of aspirated small tissue fragments was used which
leaves the architecture of the tissue undisturbed, thereby facilitating
identification of parathyroid tissue. The smallest nodule aspirated measured 4 x
& mm. In & patients alcoholization of the parathyroid tumors was followed by a
fall in serum level of parathyroid hormone.

Kahaly et al.*® studied 15 patients with primary hyperparathyroidism and
20 patients with thyroid nodules. Highly significant differences for
cencentrations of parathyroid hormone and human thyroglobulin were measured
in the aspirates of enlarged parathyroid glands and thyroid nodules.
Immunocytology for parathyroid hormone was positive in 14 of 15 aspirations
of parathyroid glands and negative for thyroglobulin in all parathyroids.

Karstrup et al.3' used a 0.8 mm Sure-cut needle for ultrasound guided
fine needle biopsies in 60 parathyroid tumors. The success rate of obtaining
tissue for histological diagnosis was 55 percent. No false positive or negative
findings were encountered. Although a biopsy taken with a large bore needle,
like the Sure-cut needle, facilitates histological diagnosis of the specimen, it is
more difficult to obtain sufficient material with a large bore needle from a tumor
of soft consistency.

Table 1 summarizes the results of the studies on ultrasonography in
parathyroid disease. The sensitivity rates for detection of parathyroid tumors
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vary from 36 % to 85 %. The smallest parathyroid gland which can be
detected by ultrascnography measures 6 mm in longest axis and weighs 130
mg. Intra-operative ultrasonography seems to be more sensitive than pre-
operative ultrascnography of the neck.

Table 1. Uftrasonography in parathyroid disease

Number  Adenoma Sensitivity  Specificity Size/Weight  Size/Weight

of or % % Detected Missed
Glands Hyperplasia Glands Glands

Graif"? 62 Ad +Hyp 83 28 6-35 mm 10-45 mm
Stein®! 18 Adenoma 67 86 490-2290 mg 220-480 mg

18 Hyperptasia 37 100 130-1110 mg 200-3080 mg
Lioyd®? 35 Adenoma 63 95 170-1570 mg 70-360 mg
Kern®> 41" Ad+Hyp 49 - - -

412 Ad+Hyp 85 - - -
Norton2* 25" Ad-+Hyp 36 - - -

259 Ad +Hyp 76 - - -

* Pre-operative ultrasound a Intra-operative ultrasound

Computed Temographic Scanning

Computed tomography scanning was initiafly used only to find
parathyroid tumors located in the mediastinum, but CT scanning of the neck
has proved to be valuable as well in localizing pathologic parathyroid glands.

Sommer et al.* presented in 1982 a study of 21 patients with primary
hyperparathyroidism who had CT scans of the neck pre-operatively. CT images
before and after contrast administration were examined. Seventeen of 24
parathyroid tumors were correctly localized by CT scan. Three of the identified
tumors were located in the mediastinum. The smallest detected adenoma
measured 10 x 8 x 5 mm. - Goiters made identification of parathyroid tumors
more difficult. Small adenomas located caudally to the thyroid gland amid of
the numercus vessels traversing the superior thoracic aperture were difficult to
detect with CT scanning, particularly in patients with broad shoulders and short
necks.

Krebs et al.> reported in 2 series of 10 patients correct pre-operative
localization of 8 of 10 adenomas. There was one false positive finding because
a redundant esophagus in one patient was interpreted as an adenoma. Most
adenomas were surrounded by hypodense areas, representing fat enveloping the
adenomas. Some of the adenomas had an irregular aspect on CT scan
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althcugh they were round or ovoid in shape at operation. One adenoma
measuring 5 x 5 x 14 mm could not be seen cn CT-scan. Neormal parathyroids
were not identified because of their small sizes.

In a study of 63 patients with primary hyperparathyroidism Cates et al.>*
were able to localize pathologic parathyroids correctly in 81 percent. No
adenomas were encountered in the mediastinum, Cates et al. used a
combination of pre- and post-contrast images. Prior to adminstration of
intravenous contrast medium enlarged parathyroid glands are similar in
attenuation to muscle and adjacent vessels. However, on contrast enhanced
scans differentiating parathyroid tumors from thyroid can be impossible.
Therefore, examination of pre- and post contrast images is necessary to
distinguish parathyroid tumors from muscle, tortuous vessels and thyroid
masses.

Stark et al.*® compared the diagnostic accuracy of conventional CT-
techniques and CT-scanning using a special device, hyperextending the neck
and depressing the shoulders, in combination with dynamic CT-scanning and
administration of methyl-glucamine diatrizoate ( Gastrografin® ) if the esophagus
was not delineated clearly, Hyperextending the neck elevates the thyroid and
parathyroid glands and part of the thymus above the manubrium. Streak
artifacts related to shoulder position were eliminated. Application of this
modified technique resulted in an increase of sensitivity from 57 percent to 78
percent. The mean size of the identified enlarged parathyroid glands was 1.4 x
1.0 x 0.8 cm. False positive findings diminished from 8 percent to zero.

in a study of 51 patients undergoing neck operations for primary or
secondary hyperparathyroidism Carmalt et al.® found a sensitivity of detecting
parathyroid tumors by CT scanning of 77 percent in patients with adenomas.
Adenomatous glands greater than 8 mm in long axis were correctly localized in
91 percent. However, glands less than 8 mm in long axis were only identified
in 25 percent. The sensitivity for detection of hyperplastic parathyroid glands
was 33 percent because hyperplastic glands are usually smaller in size than
adenomas.

in a study of 100 patients with primary hyperparathyroidism Krubsack
et a compared the sensitivity of CT-scanning for different regions of the
neck. For the area contiguous to the right and left lobe of the thyroid the
sensitivity of CT-scanning was 77 percent. The sensitivity for the superior
mediastinum was however 486 percent. According to Krubsack this reflected
the difficulty of differentiating an ectopic parathyroid tumor from blood vessels
or slightly enlarged lymph nodes. in this study 38 percent of the parathyroid
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glands weighing less than 250 mg were detected by CT-scanning. Parathyroids
weighing more than 1000 mg were detected in 81 %.

Miller et al.® performed CT-scans of the neck in 53 patients with proved
parathyroid adenomas. Only contrast studies were done, The sensitivity with
respect to detecting parathyroid adenomas was 47 percent. Thirty-six percent
of the adenomas located in the anterior mediastinum were identified by CT.
Parathyroid glands smaller than 0.80 cm?® in volume were not detected by CT.

In 25 patients with persistent ¢r recurrent hyperparathyroidism by Clark
et al®® 11 of 25 parathyroid tumors were localized by CT-scanning. The
identified glands ranged from 0.6 to 4.0 ¢m in greatest diameter, whereas
tumors not identified by CT ranged from 0.6 to 3.5 cm. Three false positive
findings were due to enlarged lymph nodes. Metallic clips left behind at the
initial operation were troublesome for the interpretation of CT-scans.

Tabie 2 summarizes the presented studies. Sensitivity rates vary from
33 - 81 %, while the specificity rates are high in most studies. The smallest
parathyroid gland which can be detected by CT-scannning measures 68 mm in
longest axis. The device which hyperextends the neck and depresses the
shoulders, as recommended by Stark et al., seems a valuable asset in CT-
scanning of the neck.

Table 2. CT-scanning in parathyroid disease

Number  Adenoma  Sensitivity  Specificity  Size/Weight  Size/Weight
o)

of or % % Detected Missed
Glands Hyperplasia Glands Glands
Sommer32 24 Ad+Hyp 71 - 10-50 mm 16-30 mm
Krebs>> 10 Adenoma 80 96 - -
Cates™ 68 Ad +Hyp 81 - - -
Stark™ 57" Ad+Hyp 51 96 15x10x8 mm* -
238 Ad+Hyp 78 100 14x10x8 mm® -
Carmalt® 27 Adenoma 77 28 - -
85 Hyperplasia 33 86 - -
Krubsack®” 100 Ad+Hyp 68 92 - -
Miller™® 51 Adenoma 47 98 - -
Clark™® 25 Ad+Hyp 44 - 6-40 mm 6-35 mm

* Conventional method 2 Specia! Device ¥ Average size
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Magnetic Resonance Imaging

Magnetic resonance imaging { MRl } offers good scft-tissuz contrast
without the need for intravenous contrast. It can be used to examine the neck
and thoracic inlet in transverse, sagitial or coronal planes of section.*® MRI of
the parathyroid glands was described in 1883 by Stark et al.*! who performed
MR} with a whole body coil of the necks of six patients who had parathyroid
tumors. Parathyreoid glands of norma! sizes were not identified. Streak artifacis
of the shoulder, causing problems with interpretaticn of CT scans, were not
encountered, and vascular structures were easily identified. Spin-echo
techniques readily separated parathyroid tumors from adjacent muscle, fat and
thyroid tissue. MRI can distinguish residual scar from thyroid or parathyroid
tissue as well, therefore MRI seems a valuable study in patients undergeing
parathyroid reoperations. The spatial resolution of MRl was slightly inferior to
that of CT-scanning. In the study by Stark et al. only tumors larger than 1.0
cm were detected by MRI.

The accuracy of high-resolutien magnetic resonance imaging using local
coils was evaluated by Kneeland et al.*> who studied 22 patients with primary
hyperparathyroidism, The sensitivity for finding parathyreid tumors was 74
percent with a specificity of 88 percent. Two adenomas located in the superior
mediastinum were identified by MRI, but there were also two false positive
finding in this region. Incorrect diagnoses were due to isc-intensity of
parathyroid adenomas and thyroid gland or fat. Using different relaxation times
{ T1 and T2 ) minimizes confusing these structures. Another problem in
interpretating MR images were ghost artifacis caused by respiratory motion.

Spritzer et al.® reported the results of MRl with surface coils in 25
patients with primary hyperparathyreoidism. MRI allowed correct locealization of
14 of 17 adenomas, 2 of 2 carcinomas and 5 of 8 hyperplastic parathyroid
glands. MRI identified 9 of 11 abnormal glands in the 0.5 - 1.0 ¢m range and
12 of 14 lesions greater than 1.0 ¢m in diameter. The overall sensitivity and
specificity were 77.8 percent and 85.4 percent respectively.

in a MRI study by Tscholzkoff et al.** in 31 patients with primary
hyperparthyroidism comparable rates of sensitivity and specificity, 73 and S0
percent respectively, were found. Seven of thirteen parathyroid tumors smaller
than 1.0 cm were correctly localized by MRIL. Nineteen tumors exceeding 1.0
cm were all but one identified by MRI. Two of three mediastinal glands were
found by MRI.

Kier et al.*® evaluated 24 patients with primary hyperparathyroidism pre-
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operatively with MRI! using several coils. Seventeen of 20 adenomas were
detected. Two adencomas were missed because the signals of the thyroid and
the parathyroid adenomas were not different. In the third negative case the
surface coil could not be positioned sufficiently since the patient had a short
obese neck. in two patients with hyperplasia only one hyperplastic gland was
localized by MRL. This low vigld was attributed by the asuthors to a technical
inferior study in one patient and to the small sizes (117, 123 and 140 mg ) of
the hyperplastic glands in the other patient. Four false positive interpretations
were caused by co-existent thyreid disease, lymph nodes and ectopic thymus
tissue in the lower neck. The saddle shaped coil provided the best images with
sufficient extension to the superior mediastinum.

Table 3 summarizes the results of MR! studies in patients with
hyperparathyroidism. The smallest gland detected by MRI measures 5 mm in
longest axis and weighs 100 mg.

Table 3. Magnetic Resonance Imaging in parathyroid disease

Number  Adenoma  Sensitivity  Specificity  Size/Weight  Size/Weight

of or % % Detected Missed
Glands Hyperplasia Glands Glands
Kneelang™ 23 Ad +Hyp 74 88 - -
Spritzer™ 25 Ad+Hyp 78 25 5-40C mm 5-20 mm
Tscholskoff** 34 Ad +Hyp 74 91 5-40 mm 5-20 mm
Kier®® 20 Adenoma 80 93 100-5000 mg 200-5000 mg
6 Hyperplasia 17 100 > 2000 mg  117-1300 mg

Thallium - Technetium Scans

The accumulation of Thallium - 201 chloride in a parathyroid adenoma
was reported by Fukunaga® in 1979. In a patient with primary
hyperparathyroidism a nodule with a diameter of 3 cm revealed on physical
examination of the neck. This nodule was found 1o be a parathyroid adenoma
at operation, weighing 12 g. The adenoma showed uptake of Thallium-201 pre-
operatively. Thallium-201 appears 10 behave as an analog of potassium. its
uptake is inhibited competitively by K' and by poisoning the Na-K-ATP'ase
dependent membrane pump.***® Consequently thallium-201 is concentrated by
all cells of the body, but preferably by tissues with increased regional blood
flow.*® Thyroidal tumors, benign or malignant, have been shown to accumuiate
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an increased amount of Thallium-201. Fukunaga et al. suggested to use
combined imaging with Thallium-201 and Technetium-89 or lodine-123 1o
localize parathyroid tumors pre-operatively.

Thallium - Technetium subtraction scans of enlarged parathyroid glands
are made by injecting Technetium-S8 pertechnetate for imaging the thyroidal
gland followed by injecting Thallium-201 which accumulates both in thyroid and
parathyroid tissue. Comgputerized subtraction of the technetium images from
the thallium images results in a picture showing the parathyroid tumors.

Schoenenberg et al.>® found 19 true positive scintigrams in 21 patients
with adenomas. The mean diameter of the adenomas detected was 1.6 cm.
Two adenomas, measuring 3.0 and 2.5 ¢m in diameter, were missed. Only two
of 16 hyperplastic parathyroid glands were discovered by Thallium - Technetium
scanning.

In & study by Broughan et al.® in 12 of 14 patients, who had had
previous neck surgery, the parathyroid pathology was accurately localized by
pre-operative scanning. Fourty-two adenomas in 60 patients with adenomas
were succesfully localized by subtraction scanning, resulting in a sensitivity of
thallium-technetium scans for adenomas of 70 percent. In this study
hyperplastic parathyroid glands were present in 12 patients who had a total of
45 enlarged parathyroid glands. Only 16 of the enlarged parathyroids were
localized by thallium - technetium scans ( 36 percent }. Four of five intra-
thyroidal parathyroid tumors were identified. The rate of false positive findings
was 35 percent. Thyroid nodules and motion artifacts were designated as
some of the causes.

Clark et al.* reported the results of thallium-technetium scanning in 22
patients with persistent or recurrent hyperparathyroidism. Eight studies were
positive, eight were negative, and six were false positive. False positive scans
were due to enlarged lymph nodes in 3 patients and unknown factors in the
other patients.

Carmalt et al.® reported thallium-technetium scanning could detect 70
percent of paratyhyroid adenomas greater than 8 mm in long axis. However,
adenomas less than 8 mm in long axis were correctly localized in only 25
percent. Forty percent of hyperplastic parathyroid glands greater than 8 mm
were detected by thallium-technetium scanning, and 14 percent of hyperplastic
parathyroid glands smaller than 8 mm.

Hauty et al.>® reported an extensive review of the literature on thallium-
technetium subtraction scans in 1987. True positive scans were gbtained in
247 of 317 patients, i.e. a sensitivity rate of 82 percent. The vast majority of
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these patients had adenomas in normal anatomic positions. Faise negative
results were often due to coexisting thyroidal disease. In seven of the reported
studies 30 ectopic parathyroid tumors were included. Twenty-five of these 30
ectopic glands were identified by the scintigrams, i.e. a sensitivity of 86
percent. Detection of parathyroid tumors in patients with previous neck
explorations was successful in 46 of 66 cases { sensitivity of 70 percent ).
Localizing hyperplastic parathyroid glands was possible in 77 of 121
hyperpiastic parathyroids, accounting for & sensitivity rate of 84 percent.
Hyperplastic parathyroid glands weighing less than 300 to 400 mg or with
digmeters of less than 0.5 cm were not detected by thallium-technetium scans.
However, adenomas between 80 and 250 mg were localized. Controversy
persists on the issue whether the intensity of uptake of thallium is based on
hormonal activity of or blood flow to the parathyroid tumor or is just determined
by the size of the parathyroid gland.

Table 4 presents the results of thallium-technetium scans in primary
hyperparathyroidism. The sensitivity rates for detecting hyperplastic glands are
significantly lower than those for adenomas.

Table 4. Thalfium-Technetium scanning in parathyroid disease

Number  Adenoma  Sensitivity  Specificity  Size/Weight  Size/Weight

of or % % Detected Missed
Glands Hyperplasia Glands Glands
Schoenenberg”® 21 Adenoma 91 100 - 25-30 mm
16 Hyperplasia 13 75 - -
Broughan® 80 Adenoma 70 - - -
45 Hyperplasia 36 - - -
Claric®® 22 Ad+Hyp 36 - 8-35 mm 5-35 mm
Carmait™® 23 Adenoma 58 98 - -
85 Hyperplasia 26 75 - -
Hauty’? 317  Ad+Hyp 82 - - -
121 Hyperplasia 64 - - < % mm

Angiography and vencus sampling for parathyroid hormone

Arteriography or venous sampling for parathyroid hormone are used in
some institutions as localizing studies of parathyroid tumors, particularly when
other locelizing studies have failed to find the parathyroid tumor.

Brennan et al.*® reported in 1981 the results of selective cervical and
mediastinal arteriography and selective venous sampling for  parathyroid
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hormone in patients undergoing reoperation following failed first operations.
Selective arteriography localized 49 percent of the parathyreid tumors correctly.
Selective venous sampling for parathyroid hormone, which was considered
positive if & sample showed a two-fold concentration over average peripheral
levels, localized 55 percent of parathyroid tumors correctly. Cerebrovascular or
renal complications did not occur in this series. However, in an analysis by Edis
et al.’® of B1 patients, undergoing reoperations, 3 patients experienced
significant neurologic complications as the result of angiography.

Miller et al.®® compared prospectively superselective arterial digital
subtraction angiography { DSA } and superselective conventional angiography (
CA } in a series of 28 patients with persistent or recurrent hyperparathyroidism,
who had undergone negative non-invasive localization studies. Superselective
studies included catheterization of both internal thoracic ( mammarian } arteries,
both inferior thyroid arteries and both common carotid arteries. DSA localized
successfully 16 of 26 adenomas { 62 percent ). Ten of 11 adenomas located in
the anterior mediastinum were identified. Conventional angiography showed 10
of 26 adenomas. The greater sensitivity of DSA compared to CA was
attributed to increased contrast resolution of DSA-technique. No false positive
findings were documented. Complications did not occur.

Edis et al.>* evaluated the benefits of arteriography and venous sampling
for parathyroid hormone in 51 patients undergoing reoperations for persistent or
recurrent hyperparathyroidism. Eleven of 20 arteriograms detected the
parathyroid tumor correctly. There were three false positive findings with
arteriography. The results of venous sampling were no better than the toss of
a coin. Cotrect lateralization was obtained in 4 of 9 venous sampling studies.
In the other five patients venous sampling falsely lateralized the tumor to the
opposite side of the neck.

Combination of localization studies

Krubsack et al.¥ reported a prospective comparison of Thallium-
Technetium scanning { TTS )}, CT-scanning, ultrasound { US } and magnetic
resonance imaging (MRI) in 100 patients with hyperparathyroidism who
subsequently had successful parathyroidectomies. Eighty-nine patients had
adenomas, and 11 patients had hyperplastic parathyroid glands. TTS had the
highest overall sensitivity { 73 percent ) compared to CT { 68 percent ), US { 55
percent ) and MR! { 57 percent ). Regarding the region of the thymic tongues
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and the upper mediastinum, TTS was the most sensitive ( 90 percent } whereas
CT, US and MRI had low sensitivities ( 46, 44 and 50 percent respectively ).
For parathyroid tumors weighing less than 250 mg none of the imaging studies
could detect more than 50 percent of the tumors. The combination of TTS and
CT, or TTS and US was significantly more sensitive than any single imaging
technique. The sensitivity of TTS and CT was 90 percent, of TTS and US

85 percent with specificities of 86 and 89 percent respectively. Sensitivity was
not significantly improved by combining three or four imaging technigues. In
seven patients with hyperplasia, who had no prior neck surgery, imaging studies
did not suggest multiple gland disease in any of them.

Conclusions

The rates of detecting pathological parathyroid glands by pre-operative
localization studies vary from 13 to 91 percent. Experience of the investigator
and application of specizl imaging technigues are crucially to identify the
enlarged parathyroid glands prior to coperation. Detection of small parathyroid
glands by localization studies remains very difficult. The smallest parathyroid
which can be localized measures approximately 5 mm and weighs 100 mg.
Therefore, hyperplastic parathyroid glands, which are often small in size, are not
identified easily by imaging studies. These small hyperplastic glands can be
difficult to find at gperation and can lead to persistent hyperparathyroidism.

Since the experienced surgeons achieve cure in more than 90 percent of
patients with primary hyperparathyroidism having first operations, pre-operative
localization studies are not indicated in these patients. When an unilateral
approach is favored, imaging studies are indispensable to localize the side of the
parathyroid tumor. In patients with persistent or recurrent hyperparathyroidism
imaging studies of parathyroid glands should be recommended.

The non-invasive procedures, i.e. ultrasonography, CT-scanning,
thallium-technetium subtraction scanning and magnetic resonance imaging
should first be performed. The choice of any single localization technique
should depend on the experience available with one of the techniques.
Combining two imaging studies increases the rate of detection of abnormal
parathyroid glands. in patients who are suspected to have a mediastinal
parathyroid tumor, which has not been localized by non-invasive procedures,
superselective arterial digital subtraction angiography can be considered to
identify the parathyroid tumor.
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Introduction

The optimal surgical treatment of primary hyperparathyroidism is
controversial.  Bilateral and unilateral approaches have been advocated, and
the extent of the resection of parathyroid glands in primary hyperplasia varies.
Some endocrine surgeons leave 30-50 mg of parathyroid tissue in situ, while
others remove only the enlarged glands. Disagreement persists about the
necessity of taking biopsies of all the parathyroid glands. There is confusion
in the histolegical distinction between adencomas and hyperplastic parathyroid
glands. Attempts have been made 1o define these two entities by light
microscopy, DNA analysis and electron microscopy, none of which has

succeeded.”™ Nevertheless, some surgeons rely on the microscopic features of
the parathyroid glands to determine the extent of parathyroidectomies. Others
useé the sizes of the parathyroid glands to differentiate adenomas from
hyperplasias.” However, the variation in weights of normal parathyroid glands
is great and the upper limit of the normal weight is dabatable.®

It is, therefore, not surprising that a review of the literature congerning the
surgical treatment of primary hyperparathyroidism is contradictory. The
interpretation of the operative procedures reported in different studies is made
maore difficult because of the lack of long follow-up studies.

This is an analysis of the resuits of the operative treatment of a large
group of patients with primary hyperparathyroidism who have been treated at
two hospitals, operated upon by two surgeons using the same protocol, and
followed for a long period of time.

Materials and methods

Six hundred and ninety three patients with primary hyperparathyroidism had
their first operations at the University Mospital Dijkzigt in Rotterdam or at the
University Hospital in Leiden from 1852 to 1888. Patients with the syndromes
of multiple endeccrine neoplasias or familial hyperparathyroidism were excluded
since in patients with these hereditary disorders the incidence of multiple
enlarged parathyroid glands and recurrent hyperparathyroidism is significantly
higher than in patients with non-familial hyperparathyroidism.’

The charts of all patients were reviewed. Information was available on the
diagnostic procedures, the parathyroidectomies, the pathologic examinations of
the parathyroid glands, and the post-operative courses.
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Two surgeons operated on the majority of the patients. Localization
studies were not performed preoperatively. Bilateral approaches through coliar
incisions of the skin were used. An attempt was made to identify all
parathyroid glands. The glands were carefully dissected free to estimate the
sizes of the parathyroid glands and to localize the vascular stalks of the
parathyroid glands. Small biopsies were taken from all identified parathyroid
glands, as far away from the vascular stalks as possible. All biopsies were
examined by frozen sections. The identification of parathyroid tissue was the
onlty information required from the pathologist. The interpretations of the
microscopic slides of the parathyroid glands, which varied from adenomas, focal
hyperplasias, nodular hyperplasias to chief cell hyperplasias, did not determine
the extent of ‘the resection of parathyroid tissue. After exposing all parathyroid
glands, the glands estimated to weigh more than 40 mg were removed. In
cases of enlargement of four glands, remnants estimated to be 40 mg of
parathyroid tissue were left in situ. The parathyroid glands which were left
behind were marked with clips. The weights of the removed parathyroid glands
were recorded. Attempts were made to inspect the thymus in all patients tc
locate supernurmerary or aberrant glands.

The follow-up of patients was carried out with the aid of the National
Population Register, which registers the residence of all inhabitants of the
Netherlands. The foliow-up studies were performed either in the surgical clinics
of the University Hospital Rotterdarm or by family physicians. The follow-up
studies consisted of recording the medications with emphasis on calcium or
vitamin D supplementations and two blood samples which were drawn at
weekly intervals. Serum levels of calcium, albumin, creatinine and urea were
determined. A serum parathyroid hormone (PTH) assay ( IRMA for the intact
hormone, INCSTAR, Stillwater, Minnesota ) was performed when the mean
calcium value, corrected for serum albumin, exceeded 2.45 mmol/l { N 2.20 -
2.85 mmol/L } to detect normocalcemic hyperparathyroidism.

During the follow-up studies the quality of the voice was evaluated in all
patients. Laryngoscopic examingations were not done.

In this study persistent hyperparathyroidism is defined as post-operative
nhypercalcemia caused by an enlarged parathyroid gland, which was not
identified at the first attempt at a parathyroidectomy. Recurrent
hyperparathyroidism is defined as hypercalcemia due 1o an enlarged gland which
was observed to be of normal size during the first operation. Normocalcemic
intervals are not parts of these definitions.®
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Results

Single Gland Disease

Single gland disease is defined as the finding of a single enlarged
parathyroid gland with a mass greater than 40 mg and at least one normal
parathyroid gland at exploration of the neck. With this definition single gland
disease was found in 514 patients.

Because follow-up studies of all 514 patients would be very difficult, a
smaller number of patients, which would be statistically meaningful, was
selected. The procedure for selection assumed a rate of recurrent
hyperparathyroidism, calculated from a review of the literature of 2.5 %.°
Statistical calculations showed that follow-up studies of 158 patients should be
sufficient 10 detect a reasonable accurate rate of recurrent hyperparathyroidism
in 514 patients."

Geographic considerations were important factors in selecting the
patients. Qne hundred sixty patients were selected for follow-up studies. All
patients, whe were examined in the departments of surgery or internal medicine
of the University Hospital Rotterdam because of hypercalcemia after
parathyroidectomies, were included in the group.

The mean follow-up was 12.8 vears { 4 - 35 yrs ). The average age at
the time of the parathyroidectomies was 47.9 years ( 12 - 73 yrs ). Two thirds
of the patients were females.

Four glands were identified in 98 patients. A fifth gland was found in 2
cases, one at the junction of the inferior thyroid artery with the recurrent
laryngeal nerve and the other within the thymus.

Tabte 1. Number of parathyroid glands identified in 160 patients with single gland disease

Number of glands Number of patients Percentage
5 2 1.3
4 g8 81.2
3 38 23.7
2 18 11.3
1 4 2.5

The mean weight of the single enlarged glands was 1556 mg ( 115 - 16~
767 mg ).
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Temporary hypocalcemia { < 2.20 mmol/L } occurred in 43 patients
(22%). Six of these patients had elevated aikaline phosphatases { > 120 U/L),
so "bone hunger" was not 2 major cause of the hypocalcemia.
Supplementation of calcium was withdrawn in 17 patients before discharge
from the hospital.

Only two patients had permanent hypoparathyroidism after their
parathyroidectomies { 1.8 % ).

In one patient an eniarged parathyroid, weighing 12 000 mg, was removed. Two
parathyroid glands of normal sizes were found, and biopsies were taken from these glands. The
left upper parathyroid gland was not found.

in the other patient an enlarged parathyroid, weighing 1800 mg, was removed. The

upper parathyroid glands were of normal sizes. Biopsies were taken from these glands. The
left lower parathyroid gland was not found.

The levels of the serum calcium at the time of the follow-up studies are
listed in Table 2. One hundred and fourty two patients had serum calcium
values between 2.20 and 2Z.45 mmol/l, and fourteen, between 2.45 and 2.65
mmol/l { N 2.20 - 2.65 mmol/L ). PTH assays were performed in 9 patients
with serum calcium levels between 2.45 and 2.65 mmol/L. All were normal.

Table 2. Serum caleium values corrected for serum albumin at follow-up studies in 160
patients with single gland disease

Calcium {mmol/L} Number of patients
<2.20 1
2.20-2.45 142
2.45-2.65 14
>2.65 3

Three patients with single giand disease remained hypercalcemic after the
initial parathyroidectomies (1.2 %).

In one patient the left upper parathyroid gland, weighing 70mg, was removed. The right
upper parathyroid gland and the left lower gland were of normal sizes. The right lower
parathyroid gland was not found. The serum calcium was 2.817 mmol/L after the first
exploration of the neck. After 7 months a second operation was done. On the right side,
dorsal 1o the trachea an enlarged parathyroid gland, weighing 400 mg, was found and removed.
Post-operatively the serum calcium was normal.

) In the second patient the left lower parathyroid gland, weighing 470 mg, was removed at
the first operation. The left upper and the right lower glands were of normal sizes. The right
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upper parathyroid gland was not identified. Post-operatively, the serum calcium value was 3.10
mmoi/L. A second operation was done after 1 week. On the left side, dorsal to the esophagus,
an enlarged parathyroid gland, weighing 300 mg, was found. After the removal of this gland,
the patient was normocalcemic.

In the third patient, two parathyroid glands were identified at the parathyroidectomy. One
gland weighed 1500 mg and was removed. The other gland was normal in size and was left in
situ. The upper parathyroid glands could not be found. Five years after the neck exploration
the serum calcium was mildly elevated to 2.70 mmol/L. Because the patient was asymptomatic
a second operation was not considered. Twenty two years after the parathyroidectomy the
serum calcium value was 2.67 mmol/l. Renal function was normal and the patient was
asymptomatic.

No instance of recurrent hyperparathyroidism was recorded in patients with
single gland disease.

Vocal impairment was not observed in any of the patients with single gland
disease.

Multiple Gland Disease

Multiple gland disease was defined as the enlargement of more than one
parathyroid gland, each with a mass greater than 40 mg. Histological criteria
were not used t¢ define multiple gland disease.

Follow-up information was available on 114 of 179 patients with muitipie
gland disease. Forty seven patients had died, and the residence of 18 patients
was unknown, The mean follow-up was 14.7 years ( 1 - 29 yrs ). The
average age at the time of the operations was 48.7 years { 15 - 76 yrs }. The
distribution of females to males was 2:1.

Four parathyroid glands were found in 145 patients {Table 3). In 7 patients
a fifth gland was identified. The locations of the glands were as follows: dorsal
to the trachea ( 1 ), cephaiad to the junction of the inferior thyroid artery and
the recurrent iaryngeal nerve { 1 ), the anterior mediastinum ( 2 ) and the
thymus ( 3 ).

Table 3. Number of parathyroid glands identified in 179 patients with multiple giand disease

Number of giands Number of patients Percentage
5 7 4.1
4 145 811
3 22 12.3
2 5 2.5
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Only eighteen patients had 4 enlarged glands (Table 4). One hundred
and twenty patients had two enlarged glands. Seventy two patients with 2
enlarged parathyroid glands had an enlarged gland on the left side, and the
other, on the right. In forty eight patients, the two enlarged parathyroid glands
were found on the same side. The mean weight of the enlarged parathyroid
glands in muitiple gland disease was 849 mg { 45 - 18 000 mg ).

Table 4. Number of enlarged parathyroid glands in 173 patients with multiple gland disease

Nurber of enlarged glands Number of patients Percentage
5 1 0.8
4 18 8.8
3 40 22.1
2 120 867.3

Temporary hypoparathyroidism required calcium suppiementation in 28
patients {25.4%). Four patients had preoperatively elevated serum alkaline
phosphatases. Nineteen patients had to continue calcium supplementation for
several weeks after discharge from the hospital.

Permanent hypoparathyroidism was observed in B patients (4.4%).

In one patient a second exploration of the neck was done because hypercalcemia
persisted after the removal of two enlarged upper parathyroid glands. The lower parathyroid
glands were not found at the first parathyroidectomy. At the second operation the lower
parathyroid glands were identified. One gland weighed 750 mg and was removed. The other
was very small but was removed for histological examination.

In the second patient four enlarged parathyroid glands were found at the first
operation. Three enlarged glands were removed, and one parathyroid gland, estimated to weigh
160 mg, was left in situ. Persistent hypercalcemia necessitated a second exploration of the
neck. Parathyroid tissue was not found at the second operation, but permanent hypocalcemia
was the resuit.

The third patient had four enlarged parathyroid glands. At the inidal operation three
enlarged glands were removed. The ieft lower parathyroid gland, estimated to weigh 120 mg,
was left in situ. Post-operatively the serum calcium remained elevated. At the second
operation, which included a sternotomy, parathyroid tissue was not identified. Because of
persistent hypercalcemia a third attempt at parathyroidectomy, which included a thoracotomy,
was done, but no parathyroid tissue was found. Eventually a left hemi-thyroidectomy was done
and pathological examination showed parathyroid tissue in the the thyroid gland.

In the fourth patient four parathyroid glands were identified a1 the first operation.
The upper parathyroid glands were enlarged and were removed. Their weights were 200 and
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400 mg. A second operation was done because of persistent hypercalcemia. At the second
operation the right lower lobe of the thyroid gland was removed since the right lower
parathyroid gland was not found. Histwological examination showed intrathyroidal parathyroid
tissue. The left lower parathyroid gland was identified. This parathyroid gland was determined
t0 be minimally enlarged and was removed. The weight was 100 mg.

In the fifth patient three enlarged parathyroid glands were found at exploration of the
neck. The upper and the left lower parzthyroid glands were removed. The right lower
parathyroid gland of normal size was left in situ. A biopsy was taken from this gland.

The serum calcium values of the fellow-up studies are shown in Table 5.

Hypocalcemia was not recorded in any of the patients because the 5 patients
with permanent hypoparathyreoidism had adequate supplementation of calcium.

Table 5. Serum calcium values at follow-up studies in 714 patients with multiple gland disease

Calcium (mmoi/L) Number of patients
«<2.20 : 0
2.20-2.45 89
2.45-2.65 15
>2.65 10

Eighty nine patients had serum caicium values between 2.20 and 2.48
mmol/L, and fifteen, between 2.45 and 2.65 mmol/L ( N 2.20 - 2.65 mmol/L ).

Serum parathyroid hormone assays were done in 12 patients with calcium
values ranging from 2.45 to 2.65 mmol/L. In two patients elevated PTH values
were observed, 69.3 and 113.4 pmol/L respectively { N < 55 pmol/L ). These
patients probably had normocalcemic hyperparathyroidism, Second operations
were not considered because they were asymptomatic. Assays of serum
calcium at yearly intervals were advised.

Hypercalcemia after the first parathyroidectomies was recorded in 10
patients with multiple enlarged parathyroid glands. Eight of the patients were
documented to have persistent hyperparathyroidism (7.0%).

In one patient two enlarged upper parathyroid glands were removed at the first operation.
The lower glands were not identified. After 7 years the serum calcium was
3.10 mmol/L. At the second operation the lower parathyroid glands were found. The right
lower gland was very small and was removed for histological examination. The left lower
parathyroid gland weighed 750 mg and was removed. Permanent hypoparathyroidism followed.
This case is classified as persistent hyperparathyroidism because the enlarged left lower
parathyroid gland found at the second operation was not identified at the first one.

In the second patient three enlarged parathyroid glands were found at the initial operation.
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The enlarged upper parathyroid glands were removed. The left lower gland with an estimated
weight of 80 mg was left in situ. Hypercalcemia persisted. A second exploration of the neck
was done 6 months later. The right lower parathyroid gland, weighing 400 mg, was found
anterior 10 the trachea. This gland was removed and the patient became normocalcemic.
Twenty five years after the second operation the serum calcium value was 2.35 mmol/L.

The third patient had two enlarged lower parathyroid glands, weighing 3 000 and 4 000 mg,
removed at the initial parathyroidectomy. The post-operative serum level of calcium was 2.60
mmol/L. Symptoms of renal calculi persisted. Speoradic mild hypercalcemia was recorded., Two
years after the first operation a second attempt at a parathyroidectomy was made. In the staltks
of the left and the right thymus, two enlarged parathyroid glands, weighing 300 and 750 mg,
were identified. One remnant of 100 mg of parathyroid tissue was left in situ. Sixteen years
after the second parathyroidectomies the level of serum calcium was 2.41 mmel/L.

At the initial exploration of the neck in the fourth patient four enlarged parathyroid glands
were found. Approximately 250 mg of the right upper parathyroid gland was left in situ. The
other parathyroid glands were removed. Hypercalcemia persisted. After six months a second
operation, including a sternotomy, was done. A fifth enlarged parathyroid gland was found
dorsal to the esophagus. [n spite of the removal of this fifth gland mild hypercalcemia persisted
{ 2.70 mmol/L ). Oral phosphate treatment was started. Foliow-up data were not available.

in the fifth patient 4 enlarged parathyroid glands were identified at the first operation. Three
parathyroid glands were removed, and the right lower gland with an estimated weight of 160
mg was left in situ. Persistent hypercaleemia necessitated a second exploration of the neck.
Parathyroid tissue was not found, in spite of a sternotomy. However, hypocalcemia developed
and sixteen years after the negative exploration of the neck supplementation of calcium and
vitamin D was being continued.

In the sixth patient four enlarged parathyroid glands were found at the first operation. The
left lower gland, estimated to weigh 120 mg, was left in situ. Hypercalcemia persisted. At the
second operation, including a sternotomy, parathyroid glands were not found. During the third
attempt at a parathyroidectomy a thoracotomy was done and again parathyroid tissue was not
found. Eventually a2 left hemi-thyroidectomy was done. Histological examination showed
parathyroid tissue. Permanent hypoparathyroidism followed.

The seventh patient had two enlarged upper parathyroid glands at the primary operation.
These glands were removed. The sizes of the lower glands were estimated to be normal.
Hypercaicemia persisted. At the second operation the right lower parathyroid gland was not
found. The rght lower iobe of the thyroid gland was removed. Pathological examination
revealed parathyroid tissue. The left lower parathyroid gland was enlarged and was removed.
The weight was 100 mg. The size was probably underestimated at the first operation.
Permanent hypoparathyroidism ensued.

The last patient with persistent hyperparathyroidism had enlarged right upper and left lower
parathyroid glands at the first operation. The sizes of the other two parathyroid glands were
normal. Hypercalcemia persisted after the first operation. At the second operation a
sternotomy was done. In the left thymus an enlarged parathyroid gland, weighing 500 mg, was
found and removed. The patient becarme normocalcemic.

Two patients with multiple enfarged parathyroid glands had recurrent
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hyperparathyroidism { 1.8 % ).

in one patient two enlarged upper parathyroid glands, weighing 500 and 200 mg, were
removed at the first operation. The lower parathyroid glands were of normal sizes.
Post-coperative serum calcium levels were normal. Eleven years after the first operation the
serum calcium was elevated ( 2.82 mmol/L ). At the second operation the left lower
parathyroid gland was enlarged and was removed. The right lower parathyroid gland could not
be identified. Normocalcemia ensued.

In the second patient with recurrent hyperparathyroidism 4 parathyroid glands were identified
at the first operation. Three glands were enlarged, weighing 250, 500 and 600 mg. The right
lower parathyroigd gland was normal.  Twelve years after the parathyroidectomy the serum
caleium was elevated 1o 3.60 mmol/L. A second coperation was not done because of the poor
physical condition of the patient. Oral phosphate was given. Nineteen vyears after the
parathyroidectomies the patient died of unknown cause. At actopsy an enlarged right lower
parathyroid gland was found.

Vocal impairment was not observed in any of the patients with multiple
gland disease.

Discussion

The incidences of parathyroid adenomas {single gland disease) and primary
parathyroid hyperplasias (multiple gland disease) depend on the parameters
which are used to classify parathyroid glands.

The weights of parathyroid glands are frequently used to differentiate
normal from abnormal glands. Normal parathyroid glands are flat. A spherical
shape is more frequently observed in enlarged parathyroid glands. However,
experience is required to properly estimate the weight of a parathyroid gland.
Color and vascularity of the parathyroid glands do not help in differentiating
enlarged parathyroid glands from glands of normal sizes. The weights of normal
parathyroid glands vary.'"® Age, the constitution of the body and chronic
illnesses can affect the weights considerably. Dufour and Wilkerson showed
that the distribution of the total weights of normal parathyroid glands is
significantly skewed to higher values. The 85% interval ranged from 8.2 to
75.0 mg. An upper normal limit of 75 mg has, therefore, been proposed." In
our study we have used 40 mg as the upper normal limit based on the upper
normal limit of parenchymal weight of parathyroid glands.™ The parenchymal
weight is 2 better parameter for hormonal activity of parathyroid glands since
the fat content varies widely.

The incidence of multiple gland disease in this study is 23.5 %. The sole
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criterion used was the presence of two or more enlarged glands, each weighing
more than 40 mg. Table & shows how the number of patients with multiple
enlarged glands changes when different upper limits of normal for weight are
used. Edis et al. reported that the incidence of hyperplasia is overestimated by
30 % when a limit of 40 mg, instead of 70 mg is used.”  in this study the

incidence of hyperplasia would decrease by 3.2% when a limit of 70 mg,
instead of 40 mg, is used.

Tabte 6. /ncidence of hyperplasia using different upper limits of normel parathyroid weighr*

Upper limit (mg) Number of patients Rate of hyperplasia {%)
40 163 23.5
50 156 22.5
&0 146 22.1
70 141 20.3
80 123 17.7
g0 113 16.3

*In 16 patients weights were not recorded

Many authors rely on the combination of gross and microscopic features to
distinguish adenomas from hyperplastic glands.”"7 Incidences of hyperplasia
ranging from 18 to 58 % have been reported. Cellularity is frequently cited as
an important feature of hyperactivity. However, an objective definition of
cellularity has never been presented.

Some authors depend entirely on histology to distinguish adencmas from
hyperplastic glands.”™'  An incidence of hyperplasia of 45 % has been
reported. In our opinion, it is inappropriate to use histologic criteria to
differentiate adenomas from hyperplastic glands becuase a study on the
histelogy of parathyroid glands in 236 patients with primary
hyperparathyroidism has not showed significant different morphologic features
in adengomas and primary hyperplasias {vide chapter 5). Therefore, we prefer
the concept of single and multiple gland disease which uses the estimated
weight of parathyroid glands 2s the sole criterion to classify parathyroid glands.

The bilateral approach 1o the neck is most frequently used in parathyroid
surgery.”20"2  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 operative
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time and higher incidences of transient and permanent hypoparathyroidism and
injury to the recurrent laryngeal nerve.®-** Tibblin et al. recorded that the
average length of uniiateral procedures was 22 minutes shorter when compared
to bilateral procedures. In a comparative study by Tibblin et al. the occurrence
of post-operative hypocaicemia was studied.® After the second post-operative
day the serum calcium returned to normal levels in the unilateral group, while in
the patients who had bilateral operations with biopsies from normal-sized glands
hypocalcemia persisted for several days. Approximately cne third of the
patients with bilateral operations required temporary suppiementation of
calcium. At follow-up two of fifty patients with bilateral operations needed
vitamin D supplementations.

The occurrence of transient hypocalcemia after bilateral operations is most
likely predominantly determined by the taking of biopsies from normal-sized
glands. In several studies, rates of transient hypocalcemia ranging from 22 to
483 percent have been reported when biopsies were taken from all parathyroid
glands.'® When biopsies were taken only occasionally, 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 % in
multiple gland disease. To prevent transient and permanent hypoparathyroidism
biopsies are now taken solely to ascertain the nature of the tissue when gross
examination is uncertain.

The proponents of the unilateral appreach adhere to the concept that
primary hyperparathyroidism is caused by enlargement of a single parathyroid
gland { adenoma ) or by enlargement of ali glands ( hyperplasia ). The unilateral
egpproach is only applicable to single gland disease. When one enlarged and one
normal gland are identified on the same side of the neck, single gland disease is
believed to be present and the operation is terminated. Teo differentiate
between normal and abnormal glands Wang proposed the density test which
measures the difference in total fat content of two parathyroid glands.?* Low
contents of intercellular fat would indicate hormonal hyperfunction. However,
detailed studies of normal parathyroid glands have shown wide variations in the
amounts of intercellular fat. Seventy five percent of normal glands have been
shown to have less than 30 % intercellular fat and, 50 % less than 10 %.
With these data, estimations of intercellular fat content have become practically
useless as a parameter of normality. 2%

Tibblin utilizes the amount of intracellular fat to delineate normal and
abnormal parathyroid glands. Normal parathyroid glands contain  easily
detectable amounts of intracellular fat, while in abnormal glands intracellular fat
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is decreased or absent. However, these are not consistent findings.
Approximately 10 % of adenomas have significant amounts of intracellular fat,
and hyperplastic glands can stain for varying amounts of intracellular fat.%®

In our opinion, primary hyperparathyroidism can be caused by entargement
of only two or three parathyroid glands. in our material 120 patients had two
enlarged glands, and 40, three. Seventy-two of the patients with two enlarged
glands had one eniarged parathyroid on the right side of the neck and the other
on the left. An uniiateral approach in these patients could have resuited in a
high incidence of persistent hyperparathyroidism. A study by Wells et al.
recorded two or three gland disease in 22 9% 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
parathyroidectemies in cases with enlargement of two or more parathyroid
glands or in the presence of histological features indicating hyperplasia.™ '
However, the microscopic criteria for hyperpiasia are poorly defined. The
motive to perform subtotal parathyroidectomies is the assumption that normal-
sized parathyroid glands in multiple gland disease are potentially hyperactive
and can cause persistent or recurrent hyperparathyroidism. Another group of
authors does not consider normal-sized glands as potentially hyperactive and
therefore, selectively removes enlarged glands irrespective of the microscopic
findings.>#*®  This protocol would be associated with high incidences of
persistent and recurrent hyperparathyroidism when normal-sized glands are
potentially hyperactive. However, the rate of persistent hyperparathyroidism
after subtotal parathyroidectomies varies from 5 to 15 percent, whereas the
persistence rate after selective removal of entarged glands varies from 1 to 4
percent. In our study, which calis for selective removal, the persistence rate
was 7.0 %. In one patient with hyperplastic parathyroid glands the second
periocd of hypercalcemia was preceded by a normocalcemic period of 7 years.
One can argue that this patient had a recurrence instead of a persistence.
However, because the enlarged gland found at the time of the second operation
was not identified during the first operation, this patient was classified as
having persistent hyperparathyroidism. A statistical significant difference
between the rates of persistent hyperparathyroidism in patients with adenomas
and patients with hyperplastic parathyroid glands was found (Student t-test, p
< 0.05). This is not surprising because the chance to miss an enlarged gland
is greater when muitiple parathyroid glands are enlarged.

Recurrent hyperparathyroidism was reported by other authors in 0.4 10 16
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% of the patients after subtotal parathyroidectomies, while removing only the
enlarged glands was associated with recurrence rates varying between ©.4 and
8 %. In our study two recurrences in patients with hyperplasia were recorded {
1.8 % ). Recurrent hyperparathyroidism was not observed in patients with
adenomas. There was not a significant difference between the rates of
recurrence in patients with adenomas and patients with parathyroid hyperplasia
{ Student t-test, NS ). Our definition of recurrent hyperparathyreidism Is a
reflection of the biological behaviour of parathyroid glands in primary
hyperparathyroidism. The lack of a statistical significant difference for the rates
of recurrences in adenomas and parathyroid hyperplasias provides some
evidence that parathyroid adenomas and parathyroid hyperplasia are part of the
same pathological entity.

in conclusion removal of only the enlarged parathyroid glands results In
acceptable rates of persistent and recurrent hyperparathyroidism in patients
with primary hyperparathyroidism, provided MEN-I, MEN-H and familial
hyperparathyroidism are excluded. The histological features of parathyroid
glands do not play a role in determining the extent of resection of parathyroid
tissue. Therefore, the concept of single and multiple gland disease seems
preferable. To prevent transient and permanent hypoparathyroidism a
conservative approach to the extent of resection of parathyroid tissue and to
the taking of biopsies is preferable.
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Introduction

The pathology of primary hyperparathyroidism remains a controversial
and poorly understood subject in spite of considerable interest on the part of
pathologists, surgeons, endocrinclogists and molecular biologists. Most studies
have focused on the morphologic features of the parathyroid glands involved in
primary hyperparathyroidism, specifically with regard to the delineation of
"adenomas” and "hyperplasias”. Since no single criterion has proven irrefutable
in making this differentiation various histologic diagnoses have been used
ranging from adenomas, double adenomas, pseudo-adenomas, focal
hyperplasias, chief cell hyperplasias, water clear cell hyperplasias, adenomatous
hyperplasias to nodular hyperplasias. However, some surgeons use the
histologic appearance of parathyroid tissue at frozen section 1o determine the
extent of parathyroidectomies: When a hyperplastic gland is reported by the
pathologist, 3 or 3 1/2 parathyroids are removed."*

This study presents the morpholegic features of parathyroid glands in
236 patients with primary hyperparathyroidism who had long term follow up
studies, The objectives of this study are to document the differences between
the histologic features of parathyroid glands of normal sizes, single enlarged and
multiple enlarged parathyroid glands, and to determine the possibility of
predicting persistent or recurrent hyperparathyroidism and predicting the extent
of resection of parathyroid tissue by means of microscopic examination of
parathyroid tissue.

Patients and methods

The patients were selected from a registry of 683 patients operated on
at the University Hospital Dijkzigt ( Rotterdam ) or University Hospital in Leiden
for primary hyperparathyroidism between the years 1852 - 1888. Al the
patients had been classified as having single or multiglandular disease based on
the findings of the surgeon at the time of operations. Single gland disease was
defined as the presence of one enlarged parathyroid gland weighing more than
40 mg. Multiple gland disease was defined as the presence of two or more
enlarged parathyroid glands, each weighing more than 40 mg.

One hundred and seventy-nine of the patients had multiple gland
disease, and of these, 91 had adequate clinical follow-up and pathologic
material to be included in this study. From the remaining 514 patients with
single gland disease, a sample large enough 1o reflect a representative rate of
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recurrences was selected. Based on a published average recurrence rate of 2.5
%, it was determined that a sample size of approximately 160 patients would
be sufficient to detect recurrent hyperparathyroidism.” After eliminating those
patients with inadeguate pathologic material, this group consisted of 130
patients. Patients with MEN syndromes or familial hyperparathyroidism were
not included.

All patients had been operated on by one of two surgeons. A bilateral
exploration of the neck, identification and biopsy of all parathyroid glands, and
removal of only enlarged glands was the surgical approach. An estimated
weight of 40 mg or greater was used as the criterion for enlargement. Follow
up studies of the patients in both groups included c¢linical histories,
documentation of medications, calcium or vitamin D supplementations and the
determinations of serum levels of calcium, albumin, creatinine, urea and
parathyroid hormone ( intact hormone ) In tweo blood samples at various times
of the day.

Ali biopsies and intact glands removed from the two groups were
examined by two pathologists without knowledge of the operative findings,
weights of the glands, gross findings or follow up information. The review was
limited only to sections stained with hematoxylin and eosin. The presence or
absence of the following microscopic features were recorded: lobularity (Fig.
5.1), microscopic cellularity (Fig. 5.2), chief cells, oxyphil celis or water clear
cells (Fig. 5.3}, stromal fat, transition of abnormal tissue in the mass into
normal parathyroid tissue (Fig. 5.4), a normal rim of parathyroid tissue (Fig.
5.B), a capsule (Fig. 5.5), thick walled blood vessels, nuclear pleomgrphism
{Fig. 5.8), mitotic activity and blood/lymphatic vascular space involvement.
Each gland was categorized as nermal, adenoma or hyperplasia based on the
criteria of Ghandur-Mnaymneh and Kimura: i.e. a mass is considered as an
adenoma if it fulfills the following criteria: absence of fat cells, absence of
lobularity, a8 normal rim and microscopic cellularity.® A gland is considered
hyperplastic if any one of the following criteria are met: fat cells in the mass,
lobuiar architecture, or a transition of the abnormal tissue in the mass to normal
parathyroid tissue. After independent review by two pathologists, 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 unclassifiable.

A multidiscriminate analysis was done to assess the value of
morphologic features in differentiating between normal parathyroid tissue, single
and multiple gland disease.
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Figure 5.1 Normal parathyroid gland with

lobular architecture.

Figure 5.2 Parathyroid gland showing microscopic cellularity.
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Figure 5.4 Transition of cellular parathyroid tissue into normal parathyroid
tissue.
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Figure 5.5 Capsule separating rim of normal parathyroid tissue and cellular
parathyroid tissue.

Figure 5.8 Nuclear pleemorphism in a parathyroid gland.
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Results
The histologic classification of the 130 cases surgically classified as

single gland disease is shown in Table 1. Fifty eight cases were classified as
adenomas, 48, as hyperplasia, 18, as unclassifiable and &, as normal glands.

Table 1. Histologic classification of parathyroid glands

Normal-Sized Glands  Single Enlarged Glands Multiple Enlarged Glands

{%} (%) %)
Normal 316 (93.2) 6{4.7) 70 (33.9)
Adenoma 2 10.6) 58 {44.6) 22 (10.8)
Hyperplasia 10(2.9) 48 {36.9) 84 (40.9)
Unciassifiable 11 (3.2) 18 {13.8) 30 (14.6)
Toral 339 130 2086

Two patients with single enlarged parathyroid glands had persistent
hyperparathyroidism. One patient had had a single entarged parathyroid
removed which was interpreted as hyperplasia. The other patient had had one
enlarged gland removed and & biopsy of one normal sized gland. Both were
interpreted as hyperplasia.

Two-hundred and six enlarged parathyroid glands were examined in the
91 patients classified by the surgeons as multigland disease. Eighty-four were
histologically classified as hyperplasias, 70, as normal glands, 30, as
unclassifiable cases, and 22, as adenomas (Table 1).

Six patients with multigland disease had persistent hyperparathyroidism.
In three of these patients all parathyroid glands were classified as normal
glands, in the other three, the glands were classified as hyperplasias. Recurrent
hyperparathyroidism was observed in two patients. In one patient three
enlarged glands {all classified as hyperplasias) were removed at the first
operation. Material from the norma! sized parathyroid which was left behind
was not available. After 19 years hypercalcemia developed. A hyperplastic
parathyroid gland was then found at autopsy. The other patient with recurrent
hyperparathyroidism had two enlarged upper parathyroid glands which were
removed at the first operation. Microscopic slides obtained at this operation
were not availabie. Hyperecalcemia developed after 11 years. At reoperation an
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enlarged left lower parathyroid gland was found and removed. This gland was
classified as hyperplasia.

Biopsies of parathyroids of normal sizes taken from patients with single
and multigland disease were combined and analyzed as a separate group.
There were 332 glands in this group. Three-hundred and sixteen were
classified as histologically normal, 2, as adenomas, 10, as hyperplasias, and 11,
as unclassifiable cases (Table 1).

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-sized, single enlarged and multiple
enlarged parathyroid glands.T The standardized canonical coefficients of these
features were all below 0.15. Mitotic activity and blood/lymphatic vascular
space involvement were not seen in any case. Comparing normal sized
parathyroids and the combined group of single and multiple enlarged
parathyroids showed a highly significant difference ( Eigenvalue = 1.0982 ).
Microscopic cellularity was the most important differentiating feature (Table 2).

Table 2. Standardized canonical coefficients of histologic features in comparison of normal-sized
and enlarged parathyroid glands

Microscopic Cellularity 1.230
Clear Cells 0.125
Lack of Stromal Fat 0.140
Lobularity -0.104
Transition 0.031
Thick Walled Vessels 0.017

¥ Positive signs indicate abnormality, negative, normalcy.

Tablie 3 shows the classification of normal-sized parathyroid glands,
single enlarged and multiple enlarged glands into normal and abnormal glands on
basis of the multidiscriminate analysis.

Table 3. Classification of parathyroid glands by multidiscriminate analysis

Normal-Sized Parathyroid Glands (%) Enlarged Parathyroid Glands (%)
Normal Glands 299 (88.20} 87 (19.94)
Abnormal Glands 40 {11.80) 268 (80.06}
Total 339 336
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Comparing single and multiple enlarged parathyroids showed a far less
significant difference ([ Eigenvalue = 0.317 }. Microscopic cellularity, lack of
stromal fat, presence of transition and thick walled vessels indicated single
giand disease, whereas clear cells and lobularity suggested multiple gland
disease (Table 4).

Table 4. Standardized canonical cogfffcients of histologic features in comparison of single and
multiple enfarged parathyroid glands

Microscopic Cellutarity 0.284
Clear Cells -0.182
Lack of Stromal Fat 0.280
Lobularity -0.568
Transition 0.438
Thick Walled Vessels 0.254

* Positive signs indicate single gland disease, negative, multigland disease

Table 5 shows the classification of all parathyroid glands into "normal”,
"adenoma” and "hyperplasia”.

Table 5. Classification of parathyroid glands by multidiscriminate analysis

Normal-Sized Parathyroid Glands Single Enlarged Glands Multiple Enlarged Glands

(%} (%) (%)
"Normal” 299 (88.20} 6 (4.62) 61 (29.61)
"Adenoma” 10 ( 2.95) 99 (76.15) 62 (30.10
"Hyperplasia® 30 { 8.85) 25 (19.23) 83 (40.29)
Total 338 130 2086

Discussion

Traditional dogma in primary hyperparathyroidism holds that the majority
of cases { 50 - 89 % ) are caused by parathyroid "adenomas".®' The
percentage of adenomas reported has varied depending on the criteria to define
them. Adenomas are reporied to occcur with equal frequency in all four giands.
Microscopically, a monomorphic proliferation of chief celis i$ most ¢common,
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often with some oxyphil and/or transitional cells. Water clear celis are rarely
found. Cytologic changes in the chief cells, such as nuclear enlargement and
hyperchromasias, also occur. Occasionally, marked nuclear pleomorphism, a
benign finding, may be seen. Any architectural arrangement, solid, nodular,
trabecular, acinar, or follicular, is possible. The presence of small amounts of
stromal fat is acceptable to many authors as long as the other criteria are
met.2%13.16%%  pagenerative changes, cysts, fibrosis, hemorrhage, etc.,
especially in larger ones, are not uncommeon. The most important findings in
the traditional definition of a parathyroid adenoma is a compressed rim of
"normal™ parathyroid tissue and most importantly, another biopsy-proven normal
glang %< 11.13.16,19

The existence of multiple adenomas has been debated for vears.
Harness et al. recorded 5 patients with multiple adenomas in 300 cases of
primary hyperparathyroidism using the following criteria: (1) the finding of more
than one enlarged parathyroid gland that shows histologically hyperplasia, (2)
aperative confirmation that the remaining parathyroid glands are normal in size,
consistency, color and that at least one or more are histologically normal, (3)
neither clinical evidence nor family history of MEN syndromes or familial
hyperparathyroidism and (4) permanent cure of hypercalcemia by excision of
the enlarged parathyroid glands.? Verdonk and Edis reported 38 patients (1.8
%} with double adenomas in 1,862 patients with primary
hyperparathyroidism.?'

In contrast to adenomas, most series report @ minority { 15 - 20 % ) of
primary hyperparathyroidism as caused by hyperpiasia.®%2'  Usually, all four
parathyroid glands are affected, but the enlargements may be assymetrical.
Microscopically, a mixture of cells is common, and nodularity is much more
common and prominent than in adenomas. Water clear cell hyperplasia is
distingtive, but rarely seen at the present time. Stromal fat is usually
demonstrable in the gland, but may not be seen in all sections. Architectural
arrangements are as varied as those seen in adenomas. it is worth noting, how
ever, that nodular patterns can be exaggerated and can result in an appearance
similar to an adenoma.

The traditional methods to distinguish an adenoma from hyperplasia rely
on a variety of morphologic features. However, no single criterion has proven
irrefutable in making this differentiation, and the consequence is the use of the
terminology single and muitiple gland disease.Z® Many early studies on
differentiating adenomas and hyperplasias have used either poorly described
criteria or poorly sampled parathyroid glands. The marked variation in normal
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content of stromal fat, and the acceptance by many authors that stromal fat
can be present in adenomas has eliminated this finding as a criterion. The
finding of 2 normal rim of compressed parathyroid tissue, as seen in 50 - 70 %
of adenomas, is unreliable since this phenomenon may be reproduced by large
dominant nodules in hyperplastic glands. Considerable overlap in the cell types
may be seen in both adenomas and hyperplasias, as well as the distribution of
cell types, which renders this criterion useless. The most heavily relied upon
criterion is the identification of another normal gland. However, problems then
arise: the concept that parathyroid hyperplasia may be assymetrical is well
accepted and may be marked at times. If one accepts this concept, then the
distinction of the minimally enfarged or "microscopically hyperplastic” gland
from the normal gland becomes critical. Since there is significant variability in
fat content of normal glands, this task may be difficult even when an entire
gland is available for examination. This distinction may be impossible when
only small biopsies are submitted for frozen sections, which is a common
practice. The definition of normality, in this context, may significantly alier the
apparent incidences of hyperplasia and adenoma. While some have suggested
that "microscopic hyperplasia” and mild enlargerment in a "normal gland™ found
along with an adenoma correlates with higher rates or persistent and recurrent
hyperparathyroidism, and that such cases should be classified as examples of
hyperplasia, others have emphasized that such distinctions are probably more
semantic than real because they correlate poorly with persistent or recurrent
hyperparathyroidism.

In addition to the morphologic features, staining for fat has been applied
to distinguish hyperplasia from adenoma and normal from abnormal glands. Fat
staining is based on the principle that in inactive or functionally normal glands,
the cells have abundant and easily demonstrabie cytoplasmic fat droplets. The
hyperfunctioning gland has little or no cytoplamic fat.*® The usefulness of this
technigue has been controversial.®%%" We feel that the significant overlap in
cytoplasmic fat content in both hyperactive and normal glands, the
methodologic differences between various studies and the subjectivity of
interpretation, limit the usefulness of staining for cytoplasmic fat on & routine
basis.

For practical purposes, the distinction of normal from abnormal glands,
at the present time, may best be done by gross evaluation of the glands at the
time of parathyroidectomy. In this study parathyroid glands with estimated
weights greater than 40 mg were removed irrespective of the microscopical
findings other than the assessment of parathyroid tissue. After a mean follow
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up of 13.5 years the rates of persistent and recurrent hyperparathyroidism were
3.6 % and 0.7 % respectively. In all patients persistent hyperparathyroidism
was caused by missed enlarged glands. Therefore, the rate of recurrent
hyperparathyroidism is the only meaningful parameter for normality of
parathyroid glands. Since the rate of recurrent hyperparathyroidism was only
Q.7 % parathyroid glands weighing 40 mg or less can be considered as
functionally normal. Taking forty mg as the upper limit of normal for the total
weight of a parathyroid gland was based on the study of Gilmour and Martin.%
However, Dufour and Wilkerson showed that the distribution of the weights of
normal glands was skewed to higher values, with a 95 percent interval ranging
from 8.2 to 75.0 mg.*® in our study only 18 of 336 enlarged parathyroids had
weights between 40 and 75 mg. Classifying these glands as normal would not
alter the results of this study significantly.

In this study all biopsies and intact glands removed from patients with
single and multigland disease were categorized as adenoma or hyperplasia
based on the criteria of Ghandur-Mnaymneh and Kimura.® Based cn the
assumption that an adenoma is a clonal growth which would be expected to
displace adjacent parathyroid tissue as it grew and not incorporate stromal fat
and eliminate the normal lobularity of the gland, they proposed that any lesicn
that contained stromal fat, had a lobular pattern or showed transition from
normal parathyroid tissue to abnormal tissue, was an example of hyperplasia.
All three of these criteria had 1o be absent 1o consider the lesion an adenoma.

In our study 130 cases of single gland disease, 58 ( 44.6 % } were

histologically classified as adenomas and 48 ( 36.9 % ) as hyperplasias.
The 48 cases with hyperplasia could be classified as examples of "focal
hyperplasia”. In the series of Ghandur-Mnaymneh and Kimura 129 of 144
cases considered to be hyperplastic showed only single gland enlargement. In
their study 44 % of the patients with focal hyperplasia showed post-operatively
persistent elevation of levels of serum parathyroid hormone. However, in our
study only 2 of 48 cases of "focal hyperplasia” showed persistent
hyperparathyroidism.

in contrast to the traditional definition of adenomas a "normal rim of
parathyroid tissue” was only present in 31.5 % of the single enlarged glands.
in a comparison of single and multiple eniarged glands the presence or absence
of 8 "normal rim™ was statistically not significant. Microscopic cellularity, lack
of stromal fat, transition and thick walled vessels were more frequent features
in single gland disease. However, the standardized canonical coefficients of
these features were low.
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Of 206 cases with muiltiple gland disease ¢ne third was classified as
"normal” and 40.9% as hyperplasia. Lobularity and clear cells were more
frequently seen in muitigland disease than in single gland disease.

Biopsies of normal-sized parathyroid glands were histologicailly classified
as "normal” in 93.2 %. The specificity of the histological diagnosis of "normal”
was only 77 % because one third of the multiple enlarged glands was called
"normai” by the pathologists.

As demonstrated by these data, the microsceopic classification of
abnormal glands as hyperplasia or adenomas correlates poorly with the gross
classification of the 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 sections.
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Chapter 6

DNA ANALYSIS IN PRIMARY HYPERPARATHYROIDISM
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intreduction

The goal of parathyroid surgery is to remove all hyperactive or
potentially hyperactive parathyroid tissue. The majority of patients with primary
hyperparathyreidism is cured by the removal of a single enlarged parathyroid
gland ( adenoma ). Controversy remains on the optimal surgical treatment of
multiple enlarged parathyroid glands ( hyperplasia ). Some authors advocate
subtotal parathyroidectomies in muitigland disease because they consider all
parathyroid glands hyperactive in muitigland disease.'™ Others remove only
enlarged parathyroid glands.>® Microscopical examination of parathyroid tissue
has been unabie to discriminate between parathyrcid adenomas and primary
parathyroid hyperplasia.” This has led to a guest for objective means to make
this differentation.

This study assesses the ability of DNA analysis to discriminate normal
parathyroid glands from hyperactive or potentially hyperactive parathyroid
glands and to establish if DNA analysis shows differneces in DNA content in
single and multigland diseass.

Patients and Methods
Patient Selection

The charts of patients who had their first parathyroidectomies for primary
hyperparathyroidism at the University Hospital in Rotterdam from March 1874
to August 1980 were reviewed. Patients with multiple endocrine neoplasias or
familial hyperparathyroidism were excluded. Information was available on the
diagnostic procedures, the parathyroidectomies, the pathelogic examinations of
the parathyroid glands, and the post-operative courses. Two surgeons operated
on the majority of the patients. The surgical approach was to identify all
parathyroid glands. The glands were carefully dissected free to estimate the
sizes of the parathyroid glands. Normal parathyroid glands are flat. A globular
shape is suspect. However, experience is required to properly estimate the
weight of a parathyroid gland. Small biopsies were taken of all identified
glands. All biopsies were examined by frozen sections. The identification of
parathyroid tissue was the conly information required from the pathologist. The
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interpretation of the microscopic slides of the parathyroid glands, which varied
from adenomas, focal hyperplasias, nodular hyperplasias to chief cell
hyperplasias, did not determine the extent of the resection of parathyroid
tissue. The parathyroid glands estimated to weigh more than 40 mg were
removed. When four parathyroid glands were enlarged, a remnant of 40 mg of
parathyroid tissue was left in situ. The fresh weights of the removed
parathyroid giands were recorded. The foliow up of patients was carried out
with the gid of the National Population Register, which registers the residents of
all inhabitants of the Netherlands. The follow up studies were performed either
in the surgical clinics of the University Hospital Rotterdam or by family
physicians. The follow up studies consisted of recording the medications with
emphasis on calcium or vitamin D supplementations and two blood assays
which were drawn at weekly intervals. Serum levels of caicium, albumin,
creatinine and urea were determined. A serum parathyroid hormone (PTH}
assay (IRMA 1-84 for the intact hormone, INCSTAR, Stillwater, Minnesota)} was
performed when the mean calcium value, corrected for serum albumin,
exceeded 2.45 mmol/L (normal 2.20 - 2.65 mmol/L) to detect normocalcemic
hyperparathyroidism.

Single gland disease was defined as one enlarged parathyroid gland
weighing more than 40 mg, in the presence of the other glands appearing
normal in size. Muiltigland disease was defined as two or more enlarged
parathyroid glands each weighing more than 40 mg.

Persistent hyperparathyroidism was defined as postoperative
hypercalcemia caused by an enlarged parathyroid gland, which was not found
during the first attempt at a 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
normocalcemia was not part of these definitions.®  Patients who were
hypercalcemic after their first parathyroidectomies and who had not second
operations were not classified as having persistent or recurrent
hyperparathyroidism.

Specimen Acquisition

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.
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Faraffin DNA Method

The paraffin-embedded tissues were deparaffinized and dissociated according
to a2 modification of a method reported by Hedley.” Three to four 50 um
sections of the paraffin biocks were cut on a standard microtome and
deparaffinized with two 3 mlL washes of Americlear (Stephens Scientific
Division, Oak Ridge, NJ). Tissue sections were rehydrated by sequential 10
minute washes in 3 mL of 100%, 95%, 70%, and 50% (v/v]) ethanol, washed
in distilled water and held 1 hour to 24 hours in 3 ml. of distilled water at room
temperature. The tissues were then dissociated in 1 mbL of a 1% (w/v) pepsin
solution {1100 units/mg protein, Sigma Chemicals, St. Louis, MO) at 37 C for
30 min., vortexing every & min. then centrifuged at 1000 x g for 5 min. The
cell pellets were resuspended in 1-3 mL Earles Balanced Salt Solution (Sigma
Chemicals). The samples were filtered through 150 um metal meshes (Small
Parts, Inc. Miami, FL) and recentrifuged at 1000 x g for 5 min. The cell
buttons were resuspended in 1 ml propidium iodide staining solution and
processed as described in the section on the method of staining.

Method of Staining

Cell suspensions were stained with propidium lodide (Pi) {Sigma Chemicals,
St. Louis, MO) according to the method described by Bauer.’ One mL of low
salt stain (3.0 g polyethylene glycol (PEG 800C, Fisher Scientific, Pittsburgh,
PA}, 5 mL of 1 ma/mL Pl, 5 mL of 3800 units/mL RNAse A in PBS, T mL of
10% (v/v) Triton X-100/PBS, 89 mL of 4 mmol/L Sodium Citrate Buffer) were
added tc cell pellets from paraffin embedded tissue and gently vortexed.
Samples were incubated for 20 min. at 37 C, then 1.0 mL of a2 high salt stain
(3.0 g PEG, 5 mL of 1 mg/mL PI, 1 mL of 10% (v/v} Triton X-100/PBS, 94 mL
400 mmol/L Sodium Chloride} was added to each tube and gently vortexed.
Each specimen was filtered through a 80 um nylon mesh (Small Parts, Inc.,
Miami, FL) into 2 new polystyrene tube, then analyzed by flow cytemetry for
DNA content. Staining solutions were prepared in advance and stored at -70 C
in 3 mi aliquots unti! just prior 1o use.
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Flow Cytornetry

All samples were anglyzed on a Epics-C flow cytometer (Couiter
Corporation, Hialeah, FL) at 400 mW cf laser power with a 2 W argon ion laser.
A 550 nm dichroic short pass mirror and 570 nm long pass mirror were used in
front of the red photomultiplier tube (PMT). The signal from the red PMT was
split and fed into two ampiifiers. One fluorescence amplifier was set at a gain
of 5 and the PMT high voltage was adjusted to bring the diploid peak to
approximately channel 80 in a 256 channel histogram. The other fluorescence
amplifier was set to a gain of 2 to vield a "down-scale” version of the DNA
histogram, which was used for visualizing triplets and tetraploid tumors.

The following parameters were collected in list mode on all sampies: log
forward angle light scatter, log side scatter, red fluorescence, and down-scale
red fiuorescence. The 256 channel red fluorescence histograms were seff-gated
above channel 10. Al samples were briefly vortexed just prior 1o running and
data were acquired st a flow rate of 100 events per second. A maximum of
10,000 events was acquired for each sample.

Computer Modeling

All histograms were analyzed using Verity:Modfit (Verity Software
House, inc., Topsham, ME), a cell cycle analysis program.’’ The following
parameters were calculated and anzlysed: DNA index, % S-Phase, % G2M, %
G2ZM minus doublets, debris and total events { Fig. 1 ). DNA index was defined
as the ratio of the mean of the GO/G1T peak of the tumor population to the
mean of the GO/G1 peak of the normal population. Position is the mean
channe! number of 2 modelled Gaussian peak. Populations with a DNA index
between 0.2 and 1.1 were considered as DNA diploid populations. DNA
tetraploid populations were defined as populations who had > 20 % of the
total number of cells at the 4C ¢or G2M region and another peak at 8C. DNA
aneupioid populations of cells had DNA indices between 0.9 and 1.1. DNA
aneuploid and hypopdiploid populations had indices less than 0.9 , while DNA
anguploid and hyperdiploid populations had indices between 1.1 and 1.8 or
greater than 2.1.

Doublets were calculated by interpolating between the singlet and triplet
peak heights. The G2M minus the doublets was felt to represent a more
accurate assessment of G2ZM or 4c¢ cefls. All results were eniered into a
database and analyzed using Excel (Microsoft Corporation, Redmond, WA)
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Figure 6.1 Histogram of a parathyroid gland with a DNA diploid population of cells.
GO / G1 peak at channel 78 (2¢}, G2M peak at channel 158 (4c). S-phase: cells
between GO / G1 and G2M peaks. Debris: cells between channel 0 and GO / G1 peak.
Triplet peak at channel 234 {6c).
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Resuits

Paraffin embedded material was available for flow cytometric nuclear
DNA analysis from 39 patients with single gland disease and 27 patients with
multigland disease. The mean age at operation was 47.9 years ( 18-78 yrs ).
The ratio of females 10 males was 2:1.

Ninety-two normal-sized parathyroid glands were subjected to DNA
analysis. Seventy-two were taken from patients with single gland disease, and
twenty, from patients with multigland disease. Ninety-one of 392 specimens
showed cell populations with DNA diploid contents (Table 1.}.

Table 1. DNA pattern in parathyroid glands of patients with primary
hyperparathyroidism

Diploid Aneuploid Tetraploid
Normal-Sized Glands a1 0 1
Single Enlarged Glands 27 8 1
Multiple Enlarged Glands 48 10 1

in one case a DNA tetraploid population { DNA index = 2.05 )} was
found.(Fig. 8.2) This was a biopsy of a normal-sized giand from a patient who
had two enlarged glands removed and who developed 14 vyears after
parathyroidectomy an elevated parathyroid hormone level and a serum calcium
value of 2.66 mmol/L.

78



[\]
o
[w]
o,

| INTN ST ST I

t

2000

1500

1000

500

o s i b e

IS B s s B T1|L|rll

0 0 0C 10 120

Channel Number

Figure 6.2 Histogram of a normal-size parathyroid gland with population of DNA
tetraploid cells. GO / G1 peak of DNA diploid cells at channel 22. GO / G1 peak of
DNA tetraploid cells at channel 45. G2M peak of DNA tetraploid cells at channel 20.

DNA analysis of 36 enlarged parathyroid glands in patients with single
gland disease showed DNA diploid populations in 27 glands (Table 1.). Nine
glands showed DNA aneuploid popuiations. Six were hyperdiploid, and two
glands showed both hypodiploid and hyperdipioid populations (Fig. 6.3). A DNA
tetraploid population was identified in one single enlarged gland. None of the
patients with single gland disease had persistent or recurrent
hyperparathyroidism.
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Figure 6.3 Histogram of a single enlarged parathyroid gland with coexistent DNA
hypodiploid and hyperdiploid populations of cells at, respectively, channel 60 and 120.

Fifty-nine enlarged parathyroid glands obtained from 27 patients with
muitigland disease were available for DNA analysis. DNA analysis revealed cell
populations with DNA diploid contents in 48 of 59 enlarged glands (Table 1.).
Eleven glands contained DNA aneuploid populations. Six of which were
hyperdiploid and four, hypoediploid. In one enlarged parathyroid two
hyperdipicid popuiations were found (Fig. 6.4). One aneuploid gland had a DNA
tetraploid population. One patient had persistent hyperparathyridism due to a
left lower enlarged parathyroid which was missed at the first operation. After
removal of this gland normalcalcemia followed. DNA analysis of the left lower
gland showed a DNA diploid pattern with 8.2 % of celis at 4C.
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Figure 6.4 Histogram of a multiple enlarged parathyroid gland with two DNA
hyperdiploid populations of cells at channel 85 and 120.

The mean weight of single enlarged parathyroid glands with DNA diploid
populations was 2,082 mg (115 - 16,676 mg), while the mean weight of single
enlarged glands with DNA aneuploid populations was 3229 mg (310 - 12000
mg). A Student t-test revealed no significant difference {t = 0.78).

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

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

The Student i-test was used to compare the mean percentages of cells
in the S and G2ZM phases among the three groups (Table 2.). There was a
significant difference between the normal-sized and enlarged glands (p <
0.001), but none between the single and multiple enlarged gtands.

Table 2. DNA parameters of parathyroid glands with diploid DNA patterns of patients with
primary hyperparathyroidism

% S-phase % G2M % G2M - doublets

Normal-Sized Giands 1.88 +/-1.14 6.94 +/-3.05 5.85 +/- 2.08
(0.6-6.2) {1.8-15.7) (1.8-11.9)

Singie Enlarged Glands 3.84 +/- 4.00 10.02 +/- 4.35 8.03 +/- 2.54
{0.1-18.5) (4.9-15.3) {3.2-14.5)

Multipte Enlarged Glands 3.48 +/- 2,63 9.86 +/- B.53 8.53 +/- 4.93
{0-12.5) (1.7-22.2) {1.7-19.2)

Discussion

The extent of resection of parathyroid tissue in this study was
determined by the gross appearance of the parathyroid glands at the exploration
of the neck. Only parathyroid glands estimated to weigh more than 40 mg
were removed irrespective of the microscopic findings. Using this protocol in
693 patients with primary hyperparathyroidism the rates of persistent and
recurrent hyperparathyroidism were respectively 3.6 % and 0.7 % after a
mean follow-up of 13.5 years.12 In this study on the DNA flow cytometric
findings in parathyroid glands of patients with primary hyperparathyroidism an
attempt was made to correlate DNA patterns to hormonal activity of
parathyroid glands and persistent or recurrent hyperparathyroidism.

Irvin and Bagwell attempted to identify histologically undetectable
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parathyreoid hyperpiasia by flow cytometry in 37 patients with parathyroid
adenomas.”” Flow cytometric DNA analysis was done in parathyroid glands
obtained from patients without parathyroid disease, normal-sized glands from
patients with primary hyperparathyroidism and enlarged parathyroid glands.
The percentage of nuclei that fell within the 4C region was referred to as
"hyperplastic index™. The difference of "hyperplastic index"” between normal
sized glands and enlarged glands was statistically significant. However, there
was 2 considerable overlap of "hyperplastic index” between the two' groups of
parathyreids. Twenty-nine percent of the normal-sized parathyroid glands
would be classified as enlarged parathyroids using solely the "hyperplastic
index". Our study also showed significant differences of % S-phase and %
G2ZM between normal-sized parathyroid glands and enlarged glands in primary
hyperparathyroidism. However, there was to much overlap between the two
groups to merit use of % S-phase and % G2M to discriminate between normal
and abnormal parathyroid glands in individual cases.

In arother study irvin et al. correlated the postoperative levels of serum
parathyroid hormone (PTH) and DNA-contents of normal-sized parathyroid
glands which were left behind after parathyroidectomies.™ Percentages of DNA
tetraploidy greater than & 9% were considered abnormal based on the
percentage of DNA tetraploid celis in normal parathyroid giands from patients
without parathyroid disease. Seven of seventeen patients who had follow-up
studies had elevated levels of serum PTH. In all these patients the tetraploid
DNA content of the normal-sized parathyroids was greater than 6 %. Four
patients with normal-sized parathyroids with tetraploid DNA contents greater
than 6 % had normal PTH levels. All six patients with less than 6 % of DNA
tetraploid cells had normal PTH levels. [n our study the mean percentage of
G2M of normal-sized parathyroids was 6.94 %. PTH levels were only
determined at follow-up when the mean of two serum corrected calcium values
exceeded Z.45 mmol/l. since normocaicemic hyperparathyroidism was not
considered 10 be likely in patients with serum calcium levels lower than 2.45
mmol/l. PTH assays were done in 8 patients. In one patient an elevated level
of PTH was found. In this patient DNA analysis showed a DNA tetraploid
population of cells in a biopsy from a normal-sized gland.

The finding of BDNA aneuploid populations of cells in single or multiple
enlarged parathyroid glands in primary hyperparathyroidism has been reported
by several authors. Table 3 and 4 summarize the data of the studies on DNA
aneuploidy and tetraploidy in primary hyperparathyroidism.
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Table 3. DNA pstterns in single gland disease ( adenomas )

Nurmber of Glands % Aneuploidy % Tetraploidy
tevin ' 37 15 -
Harlow® 12 25 8
Bowiby'® 58 5 21
Shenton'’ 3% 15 50
Joensuu'® 54 26 g
Present study 358 22 3

Table 4. DNA patterns in multiple gland disease { hyperplasia )

Number of Glands % Aneuploidy . % Tetraploidy
frvin'é 4 25 -
Bowlby'® 10 0 20
Present study 3] 17 2

DNA aneuploidy is a2 well recognised feature of human tumors. There is
accumulating evidence that ploidy reflects the biological behaviour of a large
number of tumors and that diploid tumors in particular have a good
prognosis.” Tumor ploidy cannot be used as an absolute criterion to distinguish
between benigh and malignant tumors since the latter may also be diploid. The
finding of DNA aneuploidy in benign breast tumors has been reported in a small
number of patients who later developed invasive breast cancer.20-2!

irvin et al. found rates of DNA aneupioidy in single and multigland
disease comparzble to our study.™ In their study the number of parathyroid
glands with DNA tetraploid populations of cells was not reported.

Bowlby et al. reported a high incidence of DNA tetraploidy.'® However,
DNA tetraploidy was defined as DNA patterns with greater than 15 % of the
cells in the DNA tetraploid region. We feel that a definition of DNA tetraploidy
shouid include another peak of celis at 8C, representing the G2M region of the
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GO/G1 cells at 4C. A high peak of cells at 4C without a peak at 8C merely
reflects high mitotic activity of the analysed tissue. Although Bowlby et al. did
not observe recurrent hyperparathyroidism or metastases they suggested that
parathyroid glands with DNA aneuploid or DNA tetraploid celis might progress
into malignancies. Data on parathyroid glands with DNA aneuploidy or DNA
tetraploidy which are left in situ are difficult to obtain. In our study one patient
with a DNA tetraploid population of cells in a normai-sized parathyroid gland
which was left behind developed recurrent hyperparathyroidism.  However, we
were unable to delineate DNA ansuploidy or DNA tetraploidy as a premalignant
marker. :

In the study by Shenton et al. 50 % of the adenomas had more than 20
% of their cells in the G2M region.”” Both frozen and paraffin embedded
parathyroid tissue were used. The contribution of doublets to this high rate of
DNA tetraploidy is difficult to establish since corrections for doublets were not
done in the study by Shenton et al..

’ Joensuu and Klemi reported the results of DNA analysis of 1684
adenomas of the pituitary, thyroid, parathyroid and adrenal glands.”®
Unequivocal evdence of DNA aneuploidy was found in 29 % of pituitary, 25 %
of thyroid, 35 % of parathyroid and 53 % of adrenal adenomas. After 2 mean
follow-up of 3.8 years none of the adenomas had given rise to metastases.

Few reports in the literature include correlations of clinical and
iaboratory parameters with nuclear DNA analyses of parathyroid lesions.
Joensuu and Klemi observed that the mean age of patients with DNA aneuploid
adenomas was higher at diagnosis.’® Obara et al. correlated DNA aneuploidy
with pre-operative serum czlcium and C-PTH levels.?? DNA aneuploidy was
associated with a high serum calcium level, and % $S-phase was related to
higher pre-operative serum calcium and C-PTH levels.

No attempt was made to correlate the results of nuclear DNA analysis
with other parameters, except the weights, in our study. There were no
significant differences between the weights of parathyroid glands with DNA
diploid and DNA aneuploid contents. Obara et al. also reported no correlation
of DNA aneuploidy with the weight of the tumor.® In spite of the lack of a
correlation of DNA aneuploidy and weight in our study, we noted that in 8 of
10 patients with multigland disease and DNA aneuploidy the DNA aneuploid
pepulation of cells was found in the iargest parathyroid gland.

in two single enlarged parathyreid glands both hypo-diploid and
hyperdiploid populations of cells were found within the same gland, and in one
muitiple_enlarged parathyroid gland two hyperdiploid populations of cells were
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identified. These findings suggest a multicellular origin in single and multigland
disease. Current concept is that most neoplasms arise from a single cell of
origin. =%

Arnold et al. reported the results of two independent molecular genetic
studies in parathyroid adenomas and parathyroid hyperplasia.® In eight
adenomas monoclonal patterns were found, and none of five hyperplastic
glands had a monoclonal pattern. A study by Fialkow et al. appears to
contradict the findings of Arnold et al..?® Four parathyroid adenomas from
patients with heterozygosity for the X-chromosome-iinked enzyme , glucose-6-
phosphate dehydrogenase were anafysed. Both B and A iscenzymes were
found in each adenoma in proportions similar 1o those observed in normal
tissue, indicating that the lesions had multicellular origin. Fialkow et al.
concluded that parathyroid hyperplasia and adenomas might be similar
biologicaliy.®
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Chapter 7

GENERAL DISCUSSION






The twoe-site immunoassay which measures intact parathyroid hormone
is the gold standard to establish the diagnosis of primary hyperparathyroidism.
This assay provides dependable discrimination of patients with different forms
of hypercalcemia, and as a rule allows for a rapid diagnosis of primary
hyperparathyroidism.

Localization studies of parathyroid glands are unnecessary in first
explorations of the neck since the success rate of first parathyroidectomies by
experienced surgeons is over 95 %." However, in patients with persistent or
recurrent hyperparathyroidism localization studies c¢an be helpful in localizing
enlarged parathyroid glands. The sensitivity to detect enlarged parathyroid
glands varies considerably and depends greatly on the experience of the
investigator. Unfortunately localization studies are unable to detect parathyroid
glands smaller than 5 mm or weighing less than 100 mg. Particularly these
small glands can be difficult to find at exploration of the neck.

The understanding of the pathology of primary hyperparathyroidism is
crucial to determine the optimal surgical treatment of primary
hyperparathyroidism. The role of the histological features of parathyroid glands
remains controversial. The traditional concept of "parathyroid adenomas™ and
"hyperplasia” is debatable because histologic features which differentiate
"adenomas” and "hyperplasia” consistently have never been reported.? In spite
of this, the majority of surgeons and pathologists uses this concept, and the
extent of resection of parathyroid tissue is determined by the findings at
microscopical examination of frozen sections. Several authors state that
normal-size parathyroid glands with hyperplastic features are potentially
hyperactive and should be removed.®>  Unfortunately, the criteria for
hyperplasia are poorly described in these studies. The duration of follow-up is
usually short or not documented, and persistent or recurrent
hyperparathyroidism are not precisely defined, To establish potential hormonal
hyperactivity of normal size parathyroid glands long term follow-up studies are
necessary. in addition, persistent and recurrent hyperparathyroidism need 10 be
separated properly. Persistent hyperparathyroidism is caused by missed enlarged
parathyroid glands at the first parathyroidectomy, and therefere, is a measure
for the surgical skill. Recurrent hyperparathyroidism is caused by growth of a
parathyroid gland which had a normal-size at the first exploration of the neck,
and is therefore, related to the biology of the disease. Excluding patients with
muitiple endocrine neoplasia (MEN type 1 and 2) and familial
hyperparathyroidism, in the present study normal-size parathyroid glands were
left behind irrespective of their histological appearances and the number of
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enlarged parathyroid glands. After a mean follow-up of 13.5 years the rate of
recurrent hyperparathyroidism was 0.7 %. Therefore, we conclude that the
only important parameter of hormonal function of parathyroid glands is the size
of the giand. The consequence of this cbservation is the use of the terminclogy
"single and multiple gland disease".

in this study an attempt has been made to correlate histological and
flowcytometric findings of parathyroid glands with the gross classification as
single or multiple gland disease. The traditicnal dogma was that a "parathyroid
adenoma” is associated with enlargement of a single parathyroid gland and
"hyperplasia” with enlargement or rather disease of all parathyroid glands.
Since the traditional microsceopical criteria for "parathyroid adenoma™ and
"hyperplasia” had proven to be unable to differentiate these two entities, the
criteria recently proposed by Ghandur and Kimura were applied.® Normal
parathyroid glands were distinguished from abnormal glands fairly accurately by
microscopical examination [ sensitivity = 93 %, specificity = 77 %]).
However, the correlation between "parathyroid adenoma™ and "hyperplasia™ and
single and multiple gland disease was poor. A multidiscriminate analysis was
also unable to find characteristic histologic patterns in singie and multiple gland
disease. Flow cytometric nuclear DNA analysis showed similar results as the
histological study: significant differences between normal-size and enlarged
parathyroid glands but no difference between single and multiple gland disease,

Primmary hyperparathyroidism can be caused by enlargement of only two
or three parathyroid glands. In this study 120 patients had two eniarged
parathyroid glands, and 40 patients had three enlarged parathyroid glands. Only
18 patients had four enlarged parathyroid glands. Seventy-two of the patients
with two enlarged parathyroid glands had one enlarged parathyroid on the right
side of the neck and the other on the left. A unilateral approach in these
patients could have resulted in & high incidence of persistent
hyperparathyroidism.

in our opinion, removal of only enlarged parathyroid glands in non-
familial primary hyperparathyroidism is associated with acceptsble rates of
persistent and recurrent hyperparathyroidism. Evidence is lacking that normal-
size parathyroid glands are potentially hyperactive. The role of microscopic
examination of parathyroid tissue seems tc be limited 1o the distinction of
normal from abnormal parathyroid tissue. Flow cytometric DNA analysis can
objectively differentiate normal from abnormal parathyroid glands. Although
primary hyperparathyroidism can be treated successfully the pathogenesis of
primary hyperparathyroidism remains to be elucidated.
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Chapter 8

SUMMARY

SAMENVATTING






Primary hyperparathyroidism is a common disease with an incidence of
25 to 28 cases per 100,000 pcpulation per year. The clinical picture of primary
hyperparathyroidism ranges from absence of symptoms to severe bone and/or
renal disease. The etiology and pathogenesis of primary hyperparathyroidism
remain poorly understood. As a consequence the surgical treatment varies
considerably.

in chapter 1 the historical aspects of the clinical picture, the pathology
and the surgical treatment of primary hyperparathyroidism are described.
Subsequently the scope of the thesis is presented.

in chapter 2 the diagnostic procedures for primary hyperparathyroidism
are reported. The diagnostic value of the assessment of serum calcium, serum
phesphate, serum chloride / serum phosphate ratio, serum alkaline phosphatase,
urinary excretion of cyclic adencsing mono phosphate (cAMP), maximal
reabsorption of phosphate in terms of renal function {(TmP / GFR ratio}, calcium
infusion, renal excretion of caicium, bone histology and radiolegic studies of the
skeleton are discussed. None of these parameters is highly sensitive or specific
for primary hyperparathyroidism. Discriminate analysis of several parameters
increases the diagnostic accuracy. The diagnostic value of carboxyl-terminal
and mid-region immuno-assays is limited in spite of a satisfactory sensitivity,
because these immuno-assays detect biologically inactive fragments of
parathyroid hormone. The amino-terminal assay recognizes the biologically
active part of the parathyroid hormone, but lacks the sensitivity to measure
normal levels of serum parathyroid hormone. Presently the gold standard to
establish the diagnosis of primary hyperparathyroidism is the two-site immuno-
radiometric assay which recognizes the intact parathyroid hormone, and also
detects low levels of serum parathyroid hormone.

In chapter 3 the value of ultrasonography, computed tomography
scanning, magnetic resonance imaging (MRI), thallium-technetium subtraction
scanning, angiography and venous sampling for parathyroid hormone to localize
enlarged parathyroid glands is reviewed. The smallest parathyroid gland which
ever has been localized measures 5 mm and weighs 100 mg. The sensitivity of
localization studies depends greatly on the experience of the investigator.
Combining imaging studies increases the rate of detecting enlarged parathyroid
glands.  Superselective arterial digital subtraction angiography should be
considered in patients suspected to have a meadiastinal parathyroid tumor.

in chapter 4 the results of follow-up studies in 693 patients with non-
familial primary hyperparathyroidism are reported. All patients had selective
removal of enlarged parathyroid glands (estimated weights > 40 mg)
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irrespective of their histological appearances. After a mean follow-up of 13.5
years the rates of persistent and recurrent hyperparathyroidism were,
respectively, 3.6 and 0.7 %. Evidence was lacking that normal-size parathyroid
glands were potentially hyperactive. Transient and permanent
hypoparathyroidism occurred in 24 and 2.% %. Removal of only enlarged
parathyroid glands is recommended as the surgical treatment of non-familial
primary hyperparathyroidism, Biopsies of parathyroid giands should only be
taken sparingly 10 prevent transient and permanent hypoparathyroidism.

In chapter 5 the histological features of the parathyroid glands of 2386
patients with non-familial primary hyperparathyroidism are presented. Normal
parathyroid glands were distinguished from abnormal parathyroid glands fairly
accurately (sensitivity = 93 %, specificity = 77 %). However, histological
classification of enlarged parathyroid glands as "parathyroid adenomas™ or
"hyperplasia” correlated poorly with the gross classification of single and
multiple gland disease. Multidiscriminate analysis of the histological features
of the parathyroid glands showed a highly significant difference comparing
normal-size parathyroid glands and enlarged parathyroid glands { Eigenvalue =
1.0982 ). Microscopic cellularity was the most important differentiating
feature. Comparing single and multiple enlarged parathyrcid glands showed a
far less significant difference ( Eigenvalue = 0.317 ).

in chapter & the results of flow cytometric nuclear DNA analysis of
paraffin embedded parathyroid tissue from 66 patients with non-familial primary
hyperparathyroidism are reported. Significant differences for DNA index, % S-
phase, % G2M were found comparing normal-size and enlarged parathyroid
glands { p < 0.001 ), but none between single and multiple enlarged
parathyroid glands.
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Primaire hyperparathyrecidie is een frequent voorkomende ziekte met
een jaarlikse incidentie van 25 tot 28 per 100.000. Het klinische beeld is
variabel. Sommige patienten zijn asymptomatisch, anderen hebben ernstige
skelet- en/of nierafwijkingen. De etiologie en pathogenese van primaire
hyperparathyreoidie zijn onduidelijk. Als een gevolg hiervan bestaan er
verschillende inzichten ten aanzien van de optimale chirurgische therapie.

In hoofdstuk 1 worden de historische aspecten van het klinische beeld,
de pathologie en de chirurgische behandeling van primaire hyperparathyreoidie
uiteengezet. Vervolgens wordt de vraagstelling wvan dit proefschrift
geformuleerd.

In hoofdstuk 2 wordt de diagnostiek van primaire hyperparathyreoidie
beschreven. De diagnostische waarde van serurm calcium gehalte, serum
fosfaat , serum chloor / fosfaat ratio, serum alkalische fosfatase, uitscheiding
van cyclisch adenosine monofosfaat (CAMP) in de urine, maximale reabsorptie
van fosfaat gerelateerd aan de nierfunctie (TmP / GFR ratio), calcium infusie,
calcium uitscheiding, bothistologie and rontgen diagnostiek van het skelet
worden besproken. Geen van deze parameters is specifiek voor primaire
hyperparathyreoidie. Combinatie van diverse parameters vergroot de
diagnostische sensitiviteit en specificiteit. Immunoassays voor het carboxyl- of
midden gedeelte van het bijschildkiier hormoon hebben een hoge sensitiviteit.
Deze bepzlingen meten echter biologisch niet actieve fragmenten van het
bijschildklier hormoon. De immunoassays voor het amino uiteinde van het
bijschildklier hormoon  herkennen het biologisch actieve gedeelte van het
bijschildklier hormoon maar hebben een hoge detectie drempel. De gouden
standaard voor de diagnose van primaire hyperparathyreoidie 1s de two-site
immuno-radiometrische bepaling [{RMA)} die het gehele bijschidklierhormoon
herkent , ook in zeer lage congentraties.

In hoofdstuk. 3 wordt de waarde van echografie, CT-scan, nucleaire
magnetische resonantie (NMR), thallium-technetium subtractie scan, angiografie
en veneuze meting van het bijschildklierhormoon als lokalisatie techniek voor
vergrote biischildklieren besproken. De kleinste bijschidklier die bij pre-operatief
onderzoek is waargenomen heeft een diameter van 5 mm en een gewicht van
100 mg. De gevoeligheid van lokalisatie technieken is sterk afhankelijk van de
ervaring van de onderzoeker. Combinatie van meerdere lokalisatie studies
verhoogt de detectie kans. Superselectieve arteriele digitale subtractie
angiografie dient overwogen te worden bij patienten die mogelijk een vergrote
bijschildklier in het mediastinum hebben.

In hoofdstuk 4 worden de resultaten van follow-up onderzoek bij 683



patienten met niet-familiaire primaire hyperparathyreoidie gepresenteerd. Bij alle
patienten werden alleen de vergrote bijschildklieren (geschat gewicht groter dan
40 mg) verwijderd onathankelijk van de histologische bevindingen. Na een
gemiddelde follow-up van 13,5 jaar werd persisterende hyperparathyreoidie bij
3,6 % van de patienten en recidiverende hyperparathyreoidie bij 0,7 % van de
patienten gevonden. Bijschildklieren met een normale grootte leken een normale
hormonzle functie te hebben en geen aanleiding te geven tot recidiverende
hyperparathyreoidie. Tijdelijke en blijvende hypoparathyrecidie kwamen
respectievelik bij] 24 en 2,5 % van de patienten voor. Verwijdering van
vergrote bijschildklieren bij niet-familiaire primaire hyperparathyreoidie wordt
aanbevolen als chirurgische therapie. Een biopsie van een bijschidklier dient
alleen genomen te worden als er twijfel bestaat over de aanwezigheid van
bijschildklierweefsel,

In hoofdstuk 5 worden de histologische beelden van de bijschildkiieren
van 238 patienten met niet-familiaire primaire hyperparathyreoidie beschreven.
Normale  bijschidklieren werden goed onderscheiden van abnormale
bijschildklieren {sensitiviteit = 93 %, specificiteit = 77 %). Histologische
classificatie van bijschildkleren als "adenomen” of "hyperplasie” correleerde
echter niet met de aanwezigheid van een of meer vergrote bijschildkiieren.
Multidiscriminant analyse van de histologische bevindingen toonde een
statistisch significant verschil tussen normale en abnormale bijschildklieren
(Eigen-waarde = 1,0992). Microscopische hypercellulariteit vormde het
belangrijkste criteriumm  om normale en abnormale bijschildklieren te
onderscheiden. Een statistisch significant verschil tussen "single gland disease”
en "multiple gland disease™ werd niet gevenden (Eigen-waarde = 0.317).

in hoofdstuk 6 worden de resultaten van flow cytometrie wvan
bijschildklieren van 66 patienten met niet-familiaire primaire hyperparathyreoidie
beschreven. De DNA-index, het percentage cellen in de synthese fase en het
percentage cellen in de G2M fase bleken statistisch significant te verschillen bij
vergelijking van normale en vergrote bijschildkliieren (p < 0,001). Een
statistisch verschil tussen "single gland disease™ en "multiple gland disease”
werd niet gevonden.
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