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Chapter 1 

INTRODUCTION 





One century after F. D. van Recklinghausen described "osteitis tibrosa 

cystica generalisata" the etiology and pathogenesis of primary 

hyperparathyroidism remain poorly understood. 1 The clinical picture and 

pathology ot primary hyperparathyroidism have changed considerably during the 

past 70 years. The tirst 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.2 One decade later peptic ulcers and acute 

pancreatitis were associated with primary hyperparathyroidism.3
•
4 At present, 

half of the patients with primary hyperparathyroidism is asymptomatic or has 

vague symptoms as muscular weakness, tatigue and mental disturbances.5 

This changed clinical picture of primary hyperparathyroidism is probably due to 

the early detection of primary hyperparathyroidism after the introduetion of 

automated routine assessment of serum calcium. 

The tirst pathological entity reported in primary hyperparathyroidism was 

a parathyroid "adenoma", removed by Mandl in 1925.6 Churchill described in 

1933 three patients with enlargement of all four parathyroid glands.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 reasans "water clear cell hyperplasia" has become rare. In 1958 

Cope et al. reported another torm of hyperplasia which was referred to as 

"chief cel I hyperplasia" .8 Parathyroid "adenomas" and "chief cel I hyperplasia" 

were ditticuit to differentiate microscopically. No single differentiating 

morphological criterion has been reported. Separating parathyroid "adenomas" 

and "chief cell hyperplasia" grossly was also difficult since asymmetrical 

en largement of the parathyroid glands in "chiet cell hyperplasia" was frequently 

seen.9 

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. 10 However, permanent hypoparathyroidism 

is a camman complication of subtotal parathyroidectomies, and evidence was 

lacking that most patients with primary hyperparathyroidism had hyperplasia. 

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. 11 

Hyperplasia would transite into nodular hyperplasia and finally an adenoma 

would evolve 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 1984 Ghandur and Kimura redefined the pathology of primary 

hyperparathyroidism and reclassified 172 cases with primary 

hyperparathyroidism.12 In 75 % of cases with single gland enlargement 

hyperplasia was found at microscopical examinatien of all parathyroid glands 

what induced the term "focal hyperplasia". Almast half of the patients with 

focal hyperplasia developed post-operatively evidence of parathyroid 

hypertunetion after remaval of the enlarged parathyroid gland. 

The unresolved pathology of primary hyperparathyroidism has resulted in 

a continuous debate on the optima! surgical treatment of primary 

hyperparathyroidism. Bilateral and unilateral approaches are advocated. Same 

surgeons use the histological appearance of parathyroid tissue at frozen section 

to determine the extent of parathyroidectomies. 10• 13'
15 When a hyperplastic 

parathyroid gland is reported by the pathologist, 3 or 3 1/2 parathyroids are 

removed. An alternative approach to parathyroid surgery is to rely solely on the 

gross characteristics of parathyroid glands and remave only enlarged glands. 16- 18 
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The scope of this thesis is: 

To review diagnostic procedures in primary hyperparathyroidism 

To review localization studies of parathyroid glands in 

hyperparathyroidism 

primary 

To assess the optima! surgical 

hyperparathyroidism by studying the 

recurrent hyperparathyroidism 

treatment of primary 

rates of persistent or 

To attempt 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 Iabaratory tests which assess 

the tunetion of the parathyroid glands. Dependenee on clinical symptoms to 

establish the diagnosis of primary hyperparathyroidism is hazardous since they 

may vary considerably ranging trom the absence of symptoms to the presence 

of severe bone or renal disease. The advanced stages of primary 

hyperparathyroidism have become rare since the introduetion of the multi­

channel auto-analyzer. A sevenfold increase in the annual incidence of primary 

hyperparathyroidism has been noted, with a concomitant decrease in the 

frequency of urolithiasis trom 51 to 4 percent. The proportion of asymptomatic 

patients has also changed trom 18 to 51 percent.(1) 

The cornerstone tor 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 

befare and after parathyroidectomies.(2) Circadian rhythms of serum ionized 

calcium were determined befare and after parathyroidectomies. The highest 

concentration of ionized calcium occurred between 0800 pm and 0900 pm, and 

the lowest, between 0800 and 0900 am. The difference between the highest 

and lewest values of ionized calcium was 0.08 mmoliL. Parathyroidectomy 

restored the reciprocal relationship between the levels of ionized calcium and 

parathyroid hormone which were disturbed befare the operations. These data 

show that specimens drawn at different times throughout the day may be most 

helptul in establishing the diagnosis of primary hyperparathyroidism in patients 

with mild disease or borderline biochemica! find·,ngs. 

Assays of serum calcium measure total calcium. Ho wever, Moore 

determined levels of tata! serum calcium, protein bound calcium and ionized 

calcium in 42 patients with cirrhosis and 21 healthy persons, and found that 

approximately 47 percent of serum calcium was ionized, 40 percent was bound 

to proteins, principally albumin, and the remainder was complexed to citrate and 

ether organic anions. There is general agreement that the ionized form of 

calcium is the only physiologically important component.(3) 

lqbal showed that after correction of serum calcium to a serum albumin 

level of 40 giL resulted in an increase of more than 0.2 mmolil in 22.7 percent 

of 198 patients w·1th various diseases and a decrease of more than 0.2 mmolil 

in 7.1 percent.(4) Therefore, adjustment for serum levels of albumin is neces­

sary for assessment of the "true" calcium level. Total serum calcium can be 
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adjusted for serum albumin as follows: for every 1 giL by which the serum 

albumin exceeds 40 giL, 0.02 is subtracted from the total. A corresponding 

correction is made when theserum albumin is less than 40 giL.{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.{6) Junman et al. 

found only 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 chloride. 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 I phosphate ratio was helpful in differentiating the 

hypercalcemia of primary hyperparathyroidism from other forms of hypercal­

cemia. {91 Broulik and Pacovsky and Junman et al. reported positive predictive 

va lues of 96 and 91 percent respectively by using the chloride I phosphate ratio. 

{10,71 Shishiba et al. found that the chloride I phosphate ratio was abnormal in 

only 15 percent of patients with primary hyperparathyroidism.{8) 

Serum alkaline phosphatase, which reflects the activity of osteoblastic 

cells, is only elevated in primary hyperparathyroidism with skeleta! changes. In 

the study of Juttmann et al., the serum alkaline phosphatase was elevated in 34 

percent of patients with primary hyperparathyroidism.{7) 

In 1967 Chase and Aurbach reported increased urinary excretion of cyclic 

adenosine monophosphate { cAMP I in patients with primary hyperparathyroi­

dism.{11 I 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, Schweigart et al. 

considered the assessment of cAMP valueless in establishing the diagnosis of 

primary hyperparathyroidism.{13) lncreased 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 renal 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 a method 

to determine the maximal reabsorption of phosphate in terms of renal tunetion ( 

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 ratio is also altered in hypertension, familial hypocalciuric hypercalce­

mia and by the adminstration of estrogens and corticosteroids.(16) Menko found 

low va lues of the TmP/GFR ratio in 68 percent of patients with primary hyperpa­

rathyroidism. (17) 

Calcium infusions into normal individuals lower theserum 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 pmoi/L after oral 

ingestion of 1000 mg calcium.(18) In 9 patients with primary hyperparathyroi­

dism Tohme et al. found s·,gnificantly less suppressibility of intact PTH (N­

terminal assay) than in 9 normal persons.(19) In patients with primary hyperpa­

rathyroidism the fall of serum levels of parathyroid hormone should a lso be less 

afterinfusion of calcium when compared to normal individuals. However, the 

degree of autonomy or suppressibility of parathyroid tunetion in primary hyper­

parathyroidism varies. Upon 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 to a degree camparabie to that in normal individu­

als.(21) Brown et al. reported the calcium sensitivity of dispersed cel Is derived 

from adenomas and hyperplastic parathyroid glands.(22) The release of parathy­

roid hormone was suppressed by 50 percent or more in cells from 7 of 9 

hyperplastic glands and trom 8 of 12 adenomas. Cells taken trom hyperplastic 

glands, however, were suppressed by significantly lower concentrations of 

calcium than those from adenomas and resembied normal parathyroid cells in 

that respect. 

Renal excretion of calcium is determined by a balance between the 

glomerular flitration 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 blopsies of bone in primary hyperparathyroidism is 

limited. Delling et al. described the histology of bone biopsies in 391 patients 

with primary hyperparathyroidism.(241 In more than 45 percent of patients a 

non-specific increase of osteoid seams, osteoblasts and osteoclasts was 

observed. Fifty percent showed specific, but very aften mild, endosteal fibrosis. 

Only in 4 percent of patients was there severe fibro-osteoclasis with develop­

ment of brown tumors. Juttman et al. found increased bone turnover in up to 

95 percent of the patients in their study of 125 patients with primary hyperpara­

thyroidism. (7) 

Radiologie skeletal abnormalities occur when more than one quarter of the 

bone (mineral) mass has been lost.(251 Currently, bene disease of such severity 

is very rare in primary hyperparathyroidism. Therefore, radiologie investigations 

have lost their value in the diagnosis of primary hyperparathyroidism. 

Establishing the diagnosis in patients with hypercalcemia, using readily 

available biochemica! assays, appeared to be improved by applying the techni­

que of discriminant function analysis. Gibb et al. reported a study of 148 

patients with hypercalcemia due to primary hyperparathyroidism, malignancies 

and other causes. (261 The useful variables to discriminate hypercalcemia of 

primary hyperparathyroidism from tumoral hypercalcemia were, in decreasing 

order of importance, plasma albumin, plasma chloride, (logaritmic analysis of) 

calcium excretion and Oogaritmie analysis of) plasma gamma GT. Plasma 

a!bumin 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 albumin to be the single parameter to discriminate hyperparathy­

roidism from tumoral hypercalcemia.(271 However, serum albumin alone could 

only detect about 81 percent of the patients. Discriminant analysis with 20 

Iabaratory tests, including an assay for carboxy terminal parathyroid hormone, 

could perfect!y separate the two groups. 

More recently, the measurement of parathyroid hormone has emerged as 

the optimal methad for establishing the diagnosis of primary hyperparathyroi­

dism. After the first description of a radio-immune assay for parathyroid 

hormone by Berson and Yalow the role of parathyroid hormone assays was 

cantroversial for many years because of variations in the specificity and sensiti­

vity of different methods which employed different antibodies.(28,29) 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.(30-321 The intact 

peptide disappears rapidly from the ei reulation by cleavage between the residues 

33-36 by the Kupffer cells of the liver.(34,35) The biologica! activity of the 

hormone is determined by the amine acids 1-34 at the amino-terminal end of the 

molecule. This amino-terminal fragment has a plasma half life of a few minutes. 

The remainder of the molecule, containing amino acids 35-84, which is the 

carboxyl-terminal portion, is devoid of biologica! activity. The carboxyl-terminal 

fragment is excreted by the kidney and normally has a plasma half life of 

approximately one hour.(36J 

Gough et al. have reviewed the results of different parathyroid hormone 

assays.(36) In 438 patients with primary hyperparathyroidism, the results of 

assays for the carboxyl-terminal type were elevated in 87 percent of the 

patients, while these of the assays for the amine-terminal type were elevated in 

67 percent of 301 patients. In their own series of 204 patients, elevated 

carboxyl-terminal assay results were observed in 91 percent of patients, and the 

amine-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.(37J 

However, in one third of patients with tumoral hypercalcemia e!evated mid­

region assays we re found. Impairment of ren ar tunetion or interaction of an 

immunoglobulin 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 inactive 

fragments. The disadvantage of the amino-terminal assay is that although it can 

recognize the biologically active part of the molecule, it Jacks the sensitivity to 

measure normal levels. (39) 

Recently, a two-site immunochemi!uminometric assay for parathyroid 

hormone has been described.(40) The method relies on the formation of an 

immune complex of labelect anti-amino-terminal PTH antibody, intact PTH, and 

solid phase anti-midregion PTH antibody. A chemiluminescent compound is 

used as a label. Only intact parathyroid hormone 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 lew as 0.8 pmoi/L 

allowed detection of intact PTH in the serum of all normal subjects tested. A 

clear distinction was found between hypercalcemic individuals, subsequently 

proven to have primary hyperparathyroidism and those with malignancies. This 

assay has the potential to detect all cases of primary hyperparathyroidism. The 

intact parathyroid hormone assay also has an important rele 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 

tumoral hypercalcemia and with primary hyperparathyroidism, and distinguish 

them from each other.(18,41-44) Care has to be taken to draw the blood 

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 Concentratiens 

as low as 0.6 pmoi/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.(45-49) The PTHrP gene 

eneodes three related PTHrP molecules.(50) All have the same amine 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 amino 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 immune radiometric assay. The level of 

PTHrP was found to be normal or low in primary hyperparathyroidism, while in 

the majority of patients with tumoral hyperealeem ia it was increased. 

Depending on the clinical setting, assessment of PTHrP may be helpful in the 

differential diagnosis of primary hyperparathyroidism. On the other hand the 

level of intact PTH will be suppressed in tumoral hypercalcemia. 

In conclusion, the gold standard to establish the diagnosis of primary 

hyperparathyroidism is the two-site immuno-radiometric assay which measures 

intact PTH in the fasting state. This assay provides dependable discriminatien 

of patients with different farms of hypercalcemia and as a rule allows a rapid 

diagnosis of primary hyperparathyroidism. 

References 
1. Heath lil H, Hodgson SF and Kennedy MA. Primary hyperparathyroidîsm, incidence, 

morbidity, and potential impact in a community. N Engl J Med, 302, 189, 1980. 

2. Lobaugh 8, Neeion FA, Qyama H, Buckley N, Smith S, Christy M and Leight GS. 

Circadian rhythms for calcium, inorganic phosphorus, and parathyroid hormone in 

primary hyperparathyroidism: Functional and practical considerations. Surgery, 1009, 

1989. 
3. Moore EVV. Studies with ion exchange calcium electrodes: 111: The state of serum calcium 

14 



in patients with cirrhosis. Gastroenterology, 60, 43, 1971. 

4. lqbal SJ, Ledger S, Giles M, Nanji N. Need for albumin adjustments of urgent tata! serum 

calcium. Lancet, 11, 1477, 1988. 

5. Editorial: Correcting the calcium. Br Med J, 598, 1977. 

6. Smit FW. Primaire hyperparathyreoidie, diagnostiek en behandeling. Ed.: Dijkhuizen van 

Zanten, Groningen, 61, 1989. 

7. Juttmann JR, Bruining HA and Birkenhager JC. Diagnostische aspecten van primaire 

hyperparathyreoidie. Ned Tijdschr Geneesk, 124, 1002, 1980. 

8. Shishiba Y, Nakazawa H, Shimuzu T, Ozawa Y, Akiyama H and Matsushita H. Significan­

ee of parathyroid hormone (PTH) radioimmunoassay in the diagnosis of primary 

hyperparathyroidism: an experience based on 63 surgically proven cases. Endecrinol Jpn, 

34, 263, 1987. 
9. Pa!mer FJ, Nelson JC and Bacchus H. The chloride-phosphate ratio in hypercalcemia. 

Ann Int Med, 80, 200, 1974. 

1 0. Broulik PO and Pacovsky V. The chloride phosphate ratio as the screening test for 

primary hyperparathyroidism. HormMetab Res, 11, 577, 1979. 

11. Chase LR and Aurbach GD. Parathyroid tunetion and the renal excretion of 3'5'-adeny!ic 

acid. Prae Nat! Acad Sci USA, 58, 518, 1967. 

12. Broadus AE, Mahaffey JE, Bartter FC and Neer RM. Nephrogenous cyclic adenosine 

monophosphate as a parathyroid function test. J Clin In vest, 60, 771, 1977. 

13. Schweigart U, Henderkon U, Paterek K, Hartung R, Zilker Th and Bonermann P. 

Wertigkeit verschiedener Stoffwechselparameter bei der Diagnostik des primaren 

Hyperparathyreodismus. Med Klin, 7, 281, 1976. 

14. Smit FW. Primaire hyperparathyreoidie, diagnostiek en behandeling. Ed.: Dijkhuizen van 

Zanten, 69, 1989. 

15. Walton RJ and Bijvoet OLM. Nomogram for derivation of renal tresheld phosphate 

concentration. Lancet, 309, 1975. 

16. Bijvoet OLM. Renal phosphate excretion in man. Folia Med Neer!, 15, 84, 1972. 

17. Menko FH, Bijvoet OLM, Fronen LHH, Sandler LM, Adami S, O'Riordan JLH, Schopman 

Wand Heynen G. Familial benign hypercalcemia. Q J Med, 206, 120, 1983. 

18. Hackeng WHL, Lips P, Netelenbos JC and Lips CJM. Clinical implications of estimation of 

intact parathyroid hormone(PTH) versus total immunoreactive PTH in normal subjects 

and hyperparathyroid patients. J Clin Endecrinol Metab, 63,447, 1986. 

19. Tohme JF, Bilezikian JP, Clemens TL, Silverberg, Shane E and Lindsay R. Suppression of 

parathyroid hormone secretion with oral calcium in normal subjects and patients with 

primary hyperparathyroidism. J Clin Endecrinol Metab, 70, 951, 1990. 

20. Murray TM, Peacock M, Powell D, Monchik JM and Potts JT, Jr. Non-autonomy of 

hormone secretion in primary hyperparathyroidism. Clin Endecrinol {Oxford), I, 235,1972 

21. Reiss E and Canterbury JM. Primary hyperparathyroidism: Application of radio-immunoas­

say to differentlation of adenoma and hyperpiasla and to preoperative loca!ization of 

hyperfunctioning parathyroid glands. N Eng! J Med, 280, 1381, 1969. 

22. Brown EM, Brennan MF, Hurwitz S, Windeck R, Marx SJ, Spiegel AM, Koehier JO, 

Gardner DG and Aurbach GD. Dispersed cells prepared from human parathyroid glands: 

distinct calcium sensitivity of adenomas vs. primary hyperplasia. J Clin Endecrinol 

15 



Metab, 46, 267, 1978. 

23. Nordin BEC and Peacock M. The role of the kidney in serum calcium homeostasis. In: 

Calcitonin 1969, Proceedings of the secend international symposium, Londen, 21-24 

July 1969, Heinemann, Londen 1970, p. 475. 

24. Delling G, Dreyer T, Hesch RD, Schulz W, Ziegier R and Bressel M. Morphologische 

Veranderungen der Beckenkammspongiosa beim primaren Hyperparathyeodismus and 

ihre Bedeutung fur die Diagnostik. Klin Wochenschr, 65, 643, 1987. 

25. Ziegier R, in Rothmund M. Hyperparathyreodismus, Stuttgart: Thieme Verlag, 1980. 

26. Gibb JA, Ogston SA, Patersen CR and Evans JR. Discriminant functions in differential 

diagnosis of hyperealeem ie patients. Cl in Chem, 36, 358, 1 990. 

27. Lacher DA, Baumann RR and Boyd JC. Camparisen of discriminant a na lysis procedures 

in Iabaratory differentiation of hypercalcemia. Am J Clin Path, 89, 753, 1988. 

28. Berson SA, Yalow RS, Aurbach GD and Potts JT. lmmunoassav of bovine and human 

parathyroid hormone. Prae Natl Acad Sci USA, 49, 613, 1963. 

29. Raisz LG, Yajnik CH, Bockman RS and Bower SF. Camparisen of commercially available 

parathyroid hormone immunoassays in the differential diagnosis of hypercalcemia due to 

primary hyperparathyroidism or malignancy. Ann Int Med, 91, 739, 1979. 

30. Silverman R and Yalow RS. Heterogeneity of parathyroid hormone, clinical and physiolo­

gical implications. J Clin In vest, 52, 1 958, 1973. 

31. Flueck JA, Di Bella FP, Edis JA, Kehrwald JM and Arnaud CD. lmmunoheterogeneity of 

parathyroid hormone in veneus effluent serum from hyperfunctioning parathyroid glands. 

J Clin lnvest, 60, 1367, 1977. 

32. Morissey JJ, Hamilton JW, Macgregor RR and Cohn DV. The secretion of parathyroid 

hormone fragments 34-84 and 37-84 by dispersed porcine parathyroid cells. Endocrinolo­

gy, 107, 164, 1980. 

33. Hanley DA and Ayer LA. Calcium dependent release of carboxvHerminal fragments of 

parathyroid hormone by hyperplastic human parathyroid tissue in vitro. J Clin Endecrinol 

Metab, 63, 1075, 1986. 

34. Zuil JE and CHuang J. Characterization of parathyroid hormone fragments produced by 

cathepsin D. J Biol Chem, 260,1608,1985. 

35. Martin KJ, Hruska KA, Frietag JJ, Klahr S and Slatopolsky E. The peripheral metabolism 

of parathyroid hormone. N Eng! J Med, 301, 1092, 1979. 

36. Gough IR, Thompson NW and Eckhauser FE. The value to the surgeon of parathyroid 

hormone assays in primary hyperparathyroidism. Aust N Z J Med, 58, 381, 1988. 

37. Blind E, Schmidt-Gayk H, Scharia S, Flentje D, Fischer S, Gohring U and Hitzier W. Two­

site assay of intact parathyroid hormone in the investigation of primary hyperparathyroi­

dism and other disorders of calcium metabolism compared with a mldregion assay. J Clin 

Endecrinol Metab, 67, 353, 1988. 

38. Mallette LE and Nammeur H. False-positive elevations of mldregion parathyroid hormone: 

inhibition of radioligand binding by heterophylic antibody in parient serum. In Cohn DV, 

Martin TJ and Meunier PJ. Calcium reguiatien and bene metabolism, basic and clinical 

aspects. Proceedings of the 9th international conference on calcium reguiaring horrnanes 

and bone metabolism. Excerpta Medica, Amsterdam, New York and Oxford, vol. 9, 550, 

1987. 

16 



39. Woodhead JS. The measurement of circulating parathyroid hormone. Clin Biochem, 23, 

17, 1990. 
40. Brown RC, Aston JP, Weeks I and Woodhead JS. Clrculating intact parathyro"1d hormone 

measured by a two~site immunochemiluminometric assay. J Clin Endecrinol Metab, 65, 
407, 1987. 

41. Blind E, Schmidt-Gayk H, Armbruster FP and Stadier A. Measurement of intact human 

parathyrin by an extracting two-site immunoradiometric assay. Clin Chem, 33, 1376, 
1987. 

42. Newman DJ and Ashby JP. Clinicaland Iabaratory evaluation of a two-site immunoradio­

metric assay forintact parathyroid hormone. Ann Clin Biochem, 25, 645, 1988. 
43. Ratcliffe WA, Heath DA, Ryan M and Jones SR. Performance and diagnostic application 

of a two-site immunoradiometric assay for parathyrin in serum. Clin Chem, 35, 1957, 
1989. 

44. Frolich M, Walma ST, Paulson C and Papapoules SE. lmmunoradiometric assay forintact 

parathyroid hormone: characteristics, clinical application and camparisen with a radio­

immunoassay. Ann Clin Biochem, 27, 69, 1990. 
45. Stewart AF, !nsogna KL and Burtis WJ. Frequency and partlal characterization of 

adenylate cyclase-stimulating activity in tumors associated with humora! hypercalcemia 

of malignancy. J Bene Mineral Res, 1, 267, 1986. 

46. Burtis WJ, Wu T and Bunch C. ldentification of a navel 17,000 dalton parathyroid 

hormone-like adenylate cyclase-stimulating protein from a tumor associated with humoral 

hypercalcemia of malignancy. J Biol Chem, 262,7151, 1987. 
47. Moseley JM, Kubota M and Diefenbach-Jagger H. Parathyroid hormone-related protein 

purified from a hu man lung cancer line. Prae Natl Acad Sci USA, 84, 5048, 1 987. 
48. Stewart AF, Wu T, Goumas 0, Burtis WJ and Broadus AE. N-terminal amine acid 

sequence of two navel tumor derived adenylate cyclase stimulating proteins: identificati­

on of parathyroid hormone-like and parathyroid hormone-un!ike domains. Blochem 

Biophys Res Commun, 146, 672, 1987. 

49. Strewler GJ, Stern PH and Jacobs JW. Parathyroid hormonelike protein from human 

renal carcinoma cells: structural and functional homology with parathyroid hormone. J 
Clin lnvest, 80, 1803, 1987. 

50. Mangin M, lkeda K, Dreyer BE and Broadus AE. lsolation and characterization of the 

human parathyroid hormone-like peptide gene. Prae Natl Acad Sci USA, 86, 2408, 1989. 

51. Burtis WJ, Brady TG and Orloff JJ. lmmunochemical characterization of circulating 

parathyroid hormone-related protein in patients with humara I hyperealeem ia of cancer. N 

Eng I J Med, 322, 11 06, 1990. 
52. Stewart AF, Elliot J, Burtis WJ, Wu T and lnsogna KL. Synthetic parathyroid hormone­

like protein (1-74): Biochemica! and physiological characterization. Endocrinology, 124, 
642, 1989. 

53. Stewart AF, Wu T, Burtis WJ, Weir EC, Broadus AE and lnsogna KL. The relative 

potency of a human tumor-derived PTH-like adenylate cyclase-stimulating preparatien in 

three bioassays. J Bene Mineral Res, 2, 37, 1987. 
54. Horiuchi N, Caulfield MP and Fisher JE. SimHarity synthetic peptide from tumor to 

parathyroid hormone in vivo and in vitro. Science, 238, 1568, 1987. 

17 



55. Kemp BE, Moseley JM and Rodda CP. Parathyroid hormone·related protein of malignan· 

cy: active synthetic fragments. Science, 238, 1 568, 1987. 

56. Stewart AF, Mangin M and Wu T. Synthetic human parathyroid hormone·like protein 

stimulates bone resorption and causes hypercalcemia in rats. J Clin lnvest, 81, 596, 

1988. 
57. Rabban·l SA, Mitchell J, Roy OR, Hendy GN and Goltzman D. lnfluence of the amino· 

terminus on in vitro and in vivo biologica! activity of synthetic parathyroid hormone·lîke 

peptides of malignancy. Endocrinology, 123, 2709, 1988. 

18 



Chapter 3 

lOCAUZATION STUDIES OF PARATHYROID GLANDS 

This chapter has been submitted for publication. 





localization studies of parathyroid glands play a debatable role in the 

management of primary hyperparathyroidism. Preoperative !ocalization of 

enlarged parathyroid glands would potentially facilitate exploration, reduce 

operatien time and increase the success rate of parathyroid surgery. However, 

the success rate of first operations for primary hyperparathyroidism by 

experienced surgeons is over 90 percent. 1 Therefore, the necessity for 

localizing studies seems limited in patients undergoing first explorations of the 

neck. Nevertheless, in institutes preterring unilateral approaches, imaging 

studies are of great importance in localizing the side of the enlarged parathyroid 

gland.2 Reoperations for persistent or recurrent hyperparathyroidism have less 

favorable results due to fibrosis and anatomically distorted areas, and lead to 

increased rates of complications like permanent hypoparathyroidism and injury 

of the recurrent laryngeal nerve.3
•
4 In such patients localization studies coufd 

be valuable. 

Various techniques of parathyroid localization have been attempted, but 

most have been relatively unsuccessful. lntravenous and intra-arterial injections 

with se!enomethionine (75Se} 5
•
6

, 
131 1 scanning7

, thermography8
•
9

, barium 

swallow10
'

11
, neck massage befare parathyroid hormone measurement12

, 

intravenous methylene blue injection 13 and thyroid lymphography'4 revealed poor 

results. Most of these localization techniques will identify only large 

parathyroid tumors ( more than 2 cm in diameter), which account for a low 

percentage of abnormal parathyroid glands. 15 More sensitive and specific 

localization techniques have recently become available. 

Ultrasonography 

High resolution reai-time 10 MHz ultrasonography recognizes enlarged 

parathyroid glands as oval, solid lesions with less echogenecity than the thyroid 

gland. These aspects should, when combined with the anatomie location of the 

parathyroid glands, enable the investigator to identify parathyroid tumors. 

Normal parathyroid glands are generally not visualized sonographically because 

of their smal! size and close anatomie relationship to, and isoechogenecity with, 

the thyroid gland .16. 18 

Graif et al. 19 reported the results of pre-operative high resolution 

sonography of the neck in 53 patients w"1th primary hyperparathyroidism. Fifty­

one of 62 parathyroid tumors (83 percent) we re located by ultrasound. The 

mean length of the identified parathyroid tumors was 16 mm 1 range: 6 - 35 
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mm). The largest parathyroid tumor missed on sonography measured 45 mm in 

its longest axis, and was located in the mediastinum. Distinction of cystic 

parathyroid tumors 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.20 10-15 percent of the parathyroid glands are located in regions inaccessible 

to ultrasound. 

Stein and Wexler21 reported a sensitivity of reai-time 10 MHz 

ultrasound of 67 percent tor adenomas, while the sensitivity for hyperpiasla 

was as low as 36 percent in a 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 

glands weighing up to 3000 mg we re a lso missed by ultrasound of the neck. 

Lloyd and lees22 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 operator of the ultrasound. The most experienced 

ultrasonologist detected 63 percent of parathyroid adenomas compared with a 

rate of detection of 20 percent by inexpe(lenced radiologists. The mean weight 

of detected abnormal parathyroid glands was 2.2 g ( 0.17- 15.7 g). The 

missed enlarged glands had a mean weight of 0.29 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 anatomie positions were detected by ultrasound. 

Kern et al.23 reported the results of intra-operative ultrasonography. In 

39 patients who had reoperations of the neck because of persistent 

hyperparathyroidism, pre-operative ultrasonography correctly localized 20 of 41 

abnormal parathyroid glands. lntra-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 a mediastinal lymph node. 

Norton et al. 24 a lso found intra-operative ultrasound to be superior to 

pre-operative ultrasound. In 25 patients undergoing reoperations for persistent 

or recurrent hyperparathyroidism 9 parathyroid tumors were localized 

preoperatively by ultrasound, while intra-operative ultrasound identified 19 of 
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25 parathyroid tumors correctly. lntrathyroidal 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.25 -27 Fine 

needie aspiration biopsies have increased the specificity of the detection of 

pathologie parathyroid glands by ultrasound. 

Karstrup et al. 28 examined cytologically the aspirated material from 14 

ultrasonographically suspect enlarged parathyroid glands. At operatien the 

presence of parathyroid tumors was confirmed. In 10 of 14 cases parathyroid 

cells were found at cytology, in the remaining 4 cases only cells of endocrine 

origin were seen. Analysis for parathyroid hormone content revealed in 19 of 

20 parathyroid glands a high content. 

In a study of 16 patients by Verbanek et al.29 24 aspiration biopsies of 

26 retrothyroid nodules showed parathyroid tissue. The cell block technique for 

histological examinatien of aspirated smal! 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 

6 mm. In 6 patients alcoholization of the parathyroid tumors was foliowed by a 

fall in serum level of parathyroid hormone. 

Kahaly et al.30 studied 15 patients with primary hyperparathyroidism and 

20 patients with thyroid nodules. Highly significant differences for 

concentrations of parathyroid hormone and human thyroglobulin were measured 

in the aspirates of enlarged parathyroid glands and thyroid nodules. 

lmmunocytology for parathyroid hormone was positive in 14 of 15 aspirations 

of parathyroid glands and negative for thyroglobulin in all parathyroids. 

Karstrup et al. 31 used a 0.8 mm Sure-cut needie for ultrasound guided 

fine needie 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 bare needie trom 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 ultrasonography measures 6 mm in longest axis and weighs 130 

mg. lntra-operative ultrasonography seems to be more sensitive than pre­

operalive ultrasonography of the neck. 

Table 1. U!trasonography in parathyroid disease 

Number Adenoma Sensitivity Specificity Size/Weight Size/Weight 
of or % % Detected Missed 

Glands Hyperplasia Grands Glands 

Graif19 62 Ad +Hyp 83 98 6-35 mm 10-45 mm 
Stein21 18 Adenoma 67 96 490·2290 mg 220-460 mg 

16 Hyperplasia 37 100 130-111 0 mg 200-3080 mg 
Uoyd22 35 Adenoma 63 95 170·1570 mg 70·360 mg 
Kern23 41. Ad+Hyp 49 

41° Ad+Hyp 85 
Norton

2
' 25. Ad+Hyp 36 

25° Ad+Hyp 76 

• Pre-operative ultrasound iil lntra-operative ultrasound 

Computed Tomographic Scanning 

Computed tomography scanning was initially used only to find 

parathyroid tumors located in the mediastinum, but CT scanning of the neck 

has proved to be valuable as wel! in localizing pathologie parathyroid glands. 

Sommer et al.32 presented in 1982 a study of 21 patients with primary 

hyperparathyroidism who had CT scans of the neck pre-operatively. CT images 

befare and alter contrast administration we re examined. Seventeen of 24 

parathyroid tumors were correctly localized by CT scan. Th ree 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. Smal! adenomas located caudally to the thyroid gland amid of 

the numerous 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.33 reported in a 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 interpreled 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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although they were round or ovoid in shape at operation. One adenoma 

measuring 5 x 5 x 14 mm could nat be seen on CT-scan. Normal parathyroids 

were not identified because of their smal i sizes. 

In a study of 63 patients with primary hyperparathyroidism Cates et al.34 

were able to localize pathologie parathyroids correctly in 81 percent. No 

adenomas were encountered in the mediastinum. Cates et a I. 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.35 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 I Gastrografin' I if the esophagus 

was nat 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 51 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 9 percent to zero. 

In a study of 51 patients undergoing neck operations for primary or 

secondary hyperparathyroidism Carmalt et al.36 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 al.37 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 71 percent. The sensitivity for the superior 

mediastinum was however 46 percent. According to Krubsack this reflected 

the difficulty of differentiating an ectopie 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 %. 
Milier et al.38 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 0.60 cm3 in volume were nat detected by CT. 

In 25 patients with persistent or recurrent hyperparathyroidism by Clark 

et al.39 11 of 25 parathyroid tumors were localized by CT-scanning. The 

identified glands ranged from 0.6 to 4.0 cm in greatest diameter, whereas 

tumors nat 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 

initia! operatien were troublesome for the interpretation of CT-scans. 

Table 2 summarizes the presented studies. Sensitivity rates vary trom 

33 - 81 %, while the specificity rates are high in most studies. The smallest 

parathyroid gland which can be detected by CT-scannning measures 6-8 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 s·1zeM/eight Size/Weight 
of or % % Detected Missed 

Glands Hyperplasia Glands Glands 

Somme(52 24 Ad +Hyp 71 10-50 mm 10-30 mm 
Krebs33 10 Adenoma 80 96 
Cates34 68 Ad+Hyp 81 
Stark35 57* Ad+Hyp 51 96 15x10x8 mm# 

23° Ad+Hyp 78 100 14x10x8 mm# 
Carmai.f6 27 Adenoma 77 98 

85 Hyperplasia 33 86 
Krubsack37 100 Ad +Hyp 68 92 
Miller'8 51 Adenoma 47 98 
Clark39 25 Ad +Hyp 44 6-40 mm 6-35 mm 

• Conventional methad êl Special Device # Average size 
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Magnetic Resonance lmaging 

Magnetic resonance imaging I MRI ) offers goed soft-tissue contrast 

without the need for intravenous contrast. lt can be used to examine the neck 

and thoracic in!et in transverse, sagittaf or corona! planes of section.40 MR! of 

the parathyroid glands was described in 1983 by Stark et al.41 who performed 

MRI with a whole body coil of the necks of six patients who had parathyroid 

tumors. Parathyroid glands of normal sizes were not identified. Streak artifacts 

of the shoulder, causing prob[ems with interpretation of CT scans, were net 

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 undergoing 

parathyroid reoperations. The spatlal resolution of MRI 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-resalution magnetic resonance imaging using roca~ 

coils was evaluated by Kneeland et al_42 who studled 22 patients with primary 

hyperparathyroidism. The sensitivity for finding parathyroid tumors was 74 

percent with a specificity of 88 percent. Two adenomas located in the superior 

mediastinum were identified by MR!, but there were also two false positive 

finding in this region. Incorrect diagnoses were due to iso-intensity of 

parathyroid adenomas and thyroid gland or fat. Using different relaxation times 

( T1 and T2 I minimizes confusing these structures. Another problem in 

interpretating MR images were ghost artifacts caused by respiratory motîon. 

Spritzer et al 43 reported the results of MRI with surface coils in 25 

patients with primary hyperparathyroidism. MRJ allowed correct Jocalization 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 cm range and 

12 of 14 lesions greater than 1.0 cm in diameter. The overall sensitivity and 

specificity were 77.8 percent and 95.4 percent respectively. 

In a MRI study by Tscholakoff et al.44 in 31 patients with primary 

hyperparthyroidism comparable rates of sens.,tivity and specificity, 73 and 90 

percent respectively, were found. Seven of thirteen parathyroid tumors smaller 

than 1.0 cm were correctly localized by MRI. Nineteen tumors exceeding 1.0 

cm were a!l but one identified by MRI. Two of three mediastinal glands were 

found by MRI. 

Kier et al 45 evaluated 24 patients with primary hyperparathyroidism pre-
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operatively with MRI using several coils. Seventeen of 20 adenomas were 

detected. Two adenomas were missed because the signals of the thyroid and 

the parathyroid adenomas were nat 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 MRI. This low yield was attributed by the authors to a technica! 

inferior studyin one patient and to the smal! sizes I 117, 123 and 140 mg I of 

the hyperplastic glands in the other patient. Four false positive interpretations 

were caused by co-existent thyroid disease, lymph nodes and ectopie 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 MRI 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 lmaging in parathyroid disease 

Number Adenoma Sensitivity Specificity SizeNVeight SizeN.Jeight 
of or % % Detected Missed 

Glands Hyperplasia Glands Glands 

Kneeland42 23 Ad+Hyp 74 88 
Spritzer43 25 Ad +Hyp 78 95 5-40 mm 5-20 mm 
Tscholakotr4 34 Ad +Hyp 74 91 5-40 mm 5-20 mm 
Kier45 20 Adenoma 80 93 1 00-5000 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 Fukunaga46 in 1979. In a patient with primary 

hyperparathyroidism a nodule with a diameter of 3 cm revealed on physical 

examinatien of the neck. This nodule was found to be a parathyroid adenoma 

at operation, weighing 12 g. The adenoma showed uptake of Thallium-201 pre­

operatively. Thallium-201 appears to behave as an analog of potassium. lts 

uptake is inhibited competitively by K• and by poisoning the Na-K-ATP'ase 

dependent membrane pump 47
•48 Consequently thallium-201 is concentrated by 

all cells of the body, but preferably by tissues with increased regional blood 

flow. 49 Thyroidal tumors, benign or malignant, have been shown to accumulate 
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an increased amount of Thallium-201. Fukunaga et al. suggested to use 

combined imaging with Thallium-201 and Technetium-99 or lodine-123 to 

localize parathyroid tumors pre-operatively. 

Thallium - Technetium subtraction scans of enlarged parathyroid glands 

are made by injecting Technetium-99 pertechnetate for imaging the thyroidal 

gland foliowed by injecting Thallium-201 which accumulates both in thyroid and 

parathyroid tissue. Computerized subtraction of the technetium images from 

the thallium images results in a picture showing the parathyroid tumors. 

Schoenenberg et al.50 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 cm in diameter, were missed. Only two 

of 16 hyperplastic parathyroid glands were discovered by Thallium - Technetium 

scanning. 

In a study by Broughan et al. 51 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 !ocalized 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 I 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.39 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.36 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.52 reported an extensive review of the literature on thallium­

technetium subtraction scans in 1987. True positive scans we re obtained 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 anatomie positions. False negative 

resu!ts were often due to coexisting thyroidal disease. In seven of the reported 

studies 30 ectopie parathyroid tumors we re included. Twenty-f1ve of these 30 

ectopie 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 I. 

localizing hyperplastic parathyroid glands was possible in 77 of 121 

hyperplastic parathyroids, accounting for a sensitivity rate of 64 percent. 

Hyperplastic parathyroid glands weighing less than 300 to 400 mg or with 

diameters of less than 0.5 cm were nat detected by thallium-technetium scans. 

However, adenomas between 60 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. Thallium-Technetium scanning in parathyroid disease 

Number 
of 

Glands 

Schoenenberg50 21 
16 

Broughan51 60 
45 

Clark39 22 
Carma!f6 23 

85 
Hautv52 317 

121 

Adenoma Sensitivity 
or % 

Hyperplasia 

Adenoma 91 
Hyperplasia 13 
Adenoma 70 
Hyperplasia 36 
Ad+Hyp 36 
Adenoma 58 
Hyperplasia 26 
Ad+Hyp 82 
Hyperplasia 64 

Specificiry 
% 

100 
75 

98 
75 

Size/Weight Size/Weight 
Oetected Missed 
Glands Glands 

25-30 mm 

8-35 mm 5-35 mm 

< 5 mm 

Angiography and venous 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 localizing studies have failed to find the parathyroid tumor. 

Brennan et al.53 reported in 1981 the results of selective cervical and 

mediastinal arteriography and selective veneus sampling for parathyroid 
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hormone in patients undergoing reeperatien following failed first operations. 

Selective arteriography localized 49 percent of the parathyroid tumors correctly. 

Selective venous sampling for parathyroid hormone, which was considered 

positive if a sample showed a two-fold concentratien over average peripheral 

levels, localized 55 percent of parathyroid tumors correctly. Cerebrovascular or 

renal complications did nat occur in this series. However, in an analysis by Edis 

et al.54 of 51 patients, undergoing reoperations, 3 patients experienced 

significant neurologie complications as the result of angiography. 

Milier et al.55 compared prospectively superselective arterial digital 

subtraction angiography { DSA } and superselective conventional angiography { 

CA ) in a series of 26 patients with persistent or recurrent hyperparathyroidism, 

who had undergone negative non-invasive localization studies. Superselective 

studies included catheterization of bath internat thoracic ( mammarian ) arteries, 

bath inferior thyroid arteries and bath camman 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 

anributed to increased contrast resolution of DSA-technique. No false positive 

findings were documented. Complications did nat occur. 

Edis et al.54 evaluated the benefits of arteriography and veneus sampling 

for parathyroid hormone in 51 patients undergoing reoperations for persistent or 

recurrent hyperparathyroidism. Eleven of 20 arteriograms detected the 

parathyroid tumor correctly. Th ere we re three false positive findings with 

arteriography. The results of veneus sampling were no better than the toss of 

a coin. Correct lateralization was obtained in 4 of 9 veneus sampling studies. 

In the ether five patients veneus sampling falsely lateralized the tumor to the 

opposite side of the neck. 

Combination of loca!ization studies 

Krubsack et al.37 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 MRI { 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 techniques. 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 special imaging techniques are crucially to identify the 

enlarged parathyroid glands prior to operation. 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 aften small in size, are not 

identified easily by imaging studies. These small hyperplastic glands can be 

difficult to find at operatien and can lead to persistent hyperparathyroidism. 

Si nee 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 persistentor 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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Chapter 4 

SURGICAL APPROACH AND CLINICAL FOLLOW-UP 

IN 693 PATIENTS WITH 

PRIMARY HYPERPARATHYROIDISM 
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Introduetion 

The optima! surgical treatment of primary hyperparathyroidism is 

cantroversiaL Bilateral and unilateral approaches have been advocated, and 

the extent of the raseetion of parathyroid glands in primary hyperplasia varies. 

Some endocrine surgeons leave 30-50 mg of parathyroid tissue in situ, while 

others remave only the enlarged glands. Disagreement persists about the 

necessity of taking biopsies of all the parathyroid glands. There is confusion 

in the histological distinction between adenomas and hyperplastic parathyroid 

glands. Attempts have been made to define these two entities by light 

microscopy, DNA analysis and electron microscopy, none of which has 

succeeded .1
w

4 Nevertheless, some surgeons rely on the microscopie features of 

the parathyroid glands to determine the extent of parathyroidectomies. Others 

use the sizes of the parathyroid glands to differentlate adenomas from 

hyperplasias. 5 However, the variation in weights of normal parathyroid glands 

is great and the up per limit of the normal weight is debatable 6 

lt is, therefore, not surprising that a review of the iîterature concerning the 

surgical treatment of primary hyperparathyroidism is Contradietory. The 

interpretation of the operative procedures reported in different studies is made 

more difficult because of the lack of long follow-up studies. 

ïhis is an analysis of the results 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 

foliowed tor a long period of time. 

Materials and methods 

Six hundred and ninety three patients with primary hyperparathyroidism had 

their first operations at the Univarsity Hospita! Dijkzigt in Rotterdam or at the 

Univarsity Hospita! in leiden from 1952 to 1988. Patients with the syndromes 

of multiple endocrine 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-famillal hyperparathyroidism-' 

The charts of all patients were reviewed. lnformation was available on the 

diagnostic procedures, the parathyroidectomies, the pathologie examinations of 

the parathyroid glands, and the post-operative courses. 
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Two surgeons operated on the majonty of the patients. Localization 

studies were nat performed preoperatively. Bilateral approaches through collar 

incisions of the skin were used. An anempt 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 

only information required from the pathologist. The interpretations of the 

microscopie slides of the parathyroid glands, which va ried from adenomas, focal 

hyperplasias, nodular hyperplaslas to chief cell hyperplasias, did nat determine 

the extent of 'the resection of parathyroid tissue. After exposing all parathyroid 

glands, the glands estimated to weigh more than 40 mg we re 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 inspeet the thymus in all patients to 

locate supernumerary or aberrant glands. 

The fellow-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 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 samples which were drawn at 

weekly intervals. Serum levels of calcium, albumin, creatinine and urea were 

determined. A serum parathyroid hormone (PTHI assay ( IRMA for the intact 

hormone, INCSTAR, Stillwater, Minnesota I was performed when the mean 

calcium value, corrected for serum albumin, exceeded 2.45 mmoi/I ( N 2.20 -

2.65 mmolil I to detect normocalcemic hyperparathyroidism. 

During the fellow-up studies the quality of the voice was evaluated in all 

patients. laryngoscopie examinations were not done. 

In this study persistent hyperparathyroidism is defined as post-operative 

hypercalcemia caused by an enlarged parathyroid gland, which was nat 

identified at the first attempt at a parathyroidectomy. Recurrent 

hyperparathyroidism is defined as hypercalcemia due to an enlarged gland which 

was observed to be of normal size during the first operation. Normocalcemic 

intervals are not partsof these definitions.8 
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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 s·,ngle 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 %.9 

Statistica! calculations showed that follow-up studies of 156 patients should be 

sufficient to detect a reasanabie accurate rate of recurrent hyperparathyroidism 

in 514 patients. 10 

Geographic considerations were important factors in selecting the 

patients. One hundred sixty patients were selected for fellow-up studies. All 

patients, who were examined in the departments of surgery or interna I medicine 

of the University Hospita! Rotterdam because of hypercalcemia after 

parathyroidectomies, were included in the group. 

The mean follow-up was 12.8 years ( 4 - 35 yrs I. The average a ge at 

the time of the parathyroidectomies was 47.9 years ( 12- 73 yrs ). Two thirds 

of the patients we re 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. 

Tab!e 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 98 61.2 
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 mmolil l occurred in 43 patients 

(22%). Six of these patients had elevated alkaline phosphatases ( > 120 Uil), 

so "bone hunger" was not a major cause of the hypocalcemia. 

Supplementation of calcium was withdrawn in 17 patients befare discharge 

from the hospita!. 

Only two patients had permanent hypoparathyroidism after their 

parathyroidectomies ( 1.8 % ). 

In one patient an enlarged 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 1 600 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 2.45 mmolil, and fourteen, between 2.45 and 2.65 

mmolil ( N 2.20 - 2.65 mmolil ). PTH assays were performed in 9 patients 

with serum calcium levels between 2.45 and 2.65 mmoi/L. All were normaL 

Table 2. Serum calcium va/ues corrected for serum albumin at follow-up studies in 160 
patients with single gland disease 

Calcium (mmoi/L) 

<2.20 
2.20-2.45 
2.45-2.65 
>2.65 

N umber of patients 

1 
142 

14 
3 

Three patients with single gland disease remained hypercalcemic after the 

initia! parathyroidectomies (1.9 %). 
ln 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 2.81 mmo1/L after the first 

exploration of the neck. After 7 months a second operatien was done. On the right side, 

dorsal to the trachea an enlarged parathyroid gland, weighing 400 mg, was found and removed. 

Post-operatively the serum calcium was normaL 

In the secend parient the left lower parathyroid gland, weighing 4 70 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 grand was not identified. Post·operativeiy, theserum calcium value was 3.10 
mmoi/L. A secend eperation was done after 1 week. On the !eft side, dorsal to the esophagus, 

an enlarged parathyroid gland, weighing 900 mg, was found. After the remaval 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 mmoi/L. Because the patient was asymptomatic 

a secend operatien was nat considered. Twenty two years after the parathyroidectomy the 

serum calcium value was 2.67 mmol/l. Rena! function was normal and the patient was 

asymptomatic. 

No instanee 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 to define multiple gland disease. 

Follow-up information was available on 114 of 179 patients with multiple 

gland disease. Forty seven patients had died, and the residence of 18 patients 

was unknown. The mean follow-up was 14.1 years ( 1 - 29 yrs ). The 

average age at the time of the operations was 48.7 years ( 15- 76 yrs ). The 

distri bution of females to rnales 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 ), cephalad to the junction of the inferior thyroid artery and 

the recurrent laryngeal nerve ( 1 I. the anterior mediastinum ( 2 I and the 

thymus ( 3 ). 

Table 3. Number of parathyroid g!ands identified in 179 patients with multiple gland disease 

Number of glands 

5 
4 
3 
2 

Number of patients 

7 
145 

22 
5 

Percentage 

4.1 
81.1 
12.3 
2.5 

43 



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 multiple gland disease was 949 mg { 45 - 18 000 mg ). 

Table 4. Number of enlarged parathyroid glands in 179 patients with multiple gland disease 

Number of enlarged glands Number of patients Percentage 

5 
4 
3 
2 

1 
18 
40 

120 

0.8 
9.8 

22.1 
67.3 

Temporary hypoparathyroidism required calcium supplementation in 29 

patients {25.4%1. Four patients had preoperatively elevated serum alkaline 

phosphatases. Nineteen patients had to continue calcium supplementation tor 
several weeks after discharge from the hospita!. 

Permanent hypoparathyroidism was observed in 5 patients {4.4%). 

In one patient a secend exploration of the neck was done because hypercalcemia 

persisted after the remaval of two enlarged upper parathyroid glands. The lower parathyroid 

glands were not found at the first parathyroidectomy. At the secend eperation the lower 

parathyroid glands were identified. One gland weighed 750 mg and was removed. The other 

was very smalt but was removed for histological examination. 

ln the secend 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 secend exploration of the 

neck. Parathyroid tissue was nat found at the secend operation, but permanent hypocalcemia 

was the result. 

The third patient had four enlarged parathyroid glands. At the initia! operatien three 

enlarged glands were removed. The left lower parathyroid gland, estimated to weigh 120 mg, 

was left in situ. Post-operative!y the serum calcium remained elevated. At the secend 

operation, which included a sternotomy, parathyroid tissue was not identified. Because of 

persistent hypercalcemia a third anempt at parathyroidectomy, which included a thoracotomy, 

was done, but no parathyroid tissue was found. Eventually a left hemi-thyroidectomy was done 

and pathological examinatien showed parathyroid tissue in the the thyroid gland. 

ln the fourth patient four parathyroid glands were identified at the first operation. 

The upper parathyroid glands were enlarged and were removed. Their weights were 200 and 
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400 mg. A secend operatien was done because of persistent hypercalcemia. At the secend 

eperation the right lower lobe of the thyroid gland was removed since the right lower 

parathyroid gland was not found. Histologica! examinatiofl showed intrathyroidal parathyroid 

tissue. The left lower parathyroid gland was identified. This parathyroid gland was determined 

to be minimal!y 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 parathyroid 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 hypoparathyroidism had adequate supplementation of calcium. 

Tab!e 5. Serum calcium values at follow-up studies in 114 patients with multi'p!e r;land disease 

Calcium (mmoi/L) 

<2.20 
2.20-2.45 
2.45-2.65 
>2.65 

Number of patients 

0 
89 
15 
10 

Eighty nine patients had serum calcium values between 2.20 and 2.45 

mmolil, and fifteen, between 2.45 and 2.65 mmolil IN 2.20- 2.65 mmolil ). 

Serum parathyroid hormone assays were done in 12 patients with calcium 

values ranging from 2.45 to 2.65 mmoliL In two patients elevated PTH values 

were observed, 69.3 and 113.4 pmolil respectively I 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 17.0%1. 

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 mmoi/L. At the secend operatien the lower parathyroid glands were found. The right 

lower gland was very smal! 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 secend eperation was not identified at the first one. 

In the secend patient three enlarged parathyroid glands were found at the initia! operation. 

45 



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 secend exploration of the neck 

was done 6 months later. The right lower parathyroid gland, weighing 400 mg, was found 

anterior to the trachea. This gland was removed and the patient became normocalcemic. 

Twenty five years after the secend operatien 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 initia! parathyroidectomy. The post~operative serum level of calcium was 2.60 
mmoliL Symptoms of renal calculi persisted. Sparadie mild hypercafcemia was recorded. Two 

years after the first operatien a secend attempt at a parathyroidectomy was made. In the stalks 

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 secend parathyroidectomies the level of serum calcium was 2.41 mmol/L. 

At the initia! exploration of the neck in the fourth patient tour 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 secend 

operation, including a sternotomy, was done. A fifth enlarged parathyroid gland was found 

dorsar to the esophagus. In sp'1te of the remaval of this fifth gland mild hypercalcemia persisred 

( 2.70 mmoiJL ). Oral phosphate treatment was started. Follow~up data were nat available. 

In the fifth patient 4 enlarged parathyroid grands 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 hypercalcemia necessitated a secend exploration of the neck. 

Parathyroid tissue was nat found, in spite of a sternotomy. Ho wever, hypocalcemia developed 

and sixteen years after the negative exploration of the neck supplementation of calcium and 

vitamin 0 was being continued. 

In the sixth parient four enlarged parathvroid g!ands were found at the first operation. The 

left lower gland, estimated to weigh 120 mg, wasleftin situ. Hypercalcemia persisted. At the 

secend operation, including a sternotomy, parathyroîd glands were nat found. During the third 

anempt at a parathyroidectomy a thoracotomy was done and again parathyroid tissue was nat 

found. Eventually a left hemi~thyroidectomy was done. Hîstological examinatien showed 

parathyroid tissue. Permanent hypoparathyroidism followed. 

The seventh parient 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 

Hypercalcemia persisted. At the secend operatien the right lower parathyroid gland was nat 

found. The right lower lobe of the thyroid grand was removed. Pathological examinatien 

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 Jower 

parathyroid glands at the first operation. The sizes of the other two parathyroid glands were 

normaL Hypercalcemia persisred after the first operation. At the secend operatien a 

sternotomy was done. In the left thymus an enlarged parathyroid gland, weighîng 500 mg, was 

found and removed. The patient became normocalcemic. 

Two patients with multiple enlarged parathyroid glands had recurrent 
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hyperparathyroidism I 1.8 % I. 

In one patient two enlarged upper parathyroid g!ands, weighing 500 and 200 mg, were 

removed at the first operation. The lower parathyroid glands were of normal sizes. 

Post-operative serum calcium levels were normal. Eleven years after the first operatien the 

serum calcium was elevated ( 2.82 mmol/l ) . At the secend operatien the left lower 

parathyroid gland was enlarged and was removed. The right lower parathyroid gland could nat 

be identified. Normoca!cemia ensued. 

In the secend patient with recurrent hyperparathyroidism 4 parathyroid glands were identified 

at the fîrst operation. Three glands were enlarged, weighing 250, 500 and 600 mg. The right 

lower parathyroid gland was normaL Twelve years after the parathyroidectomy the serum 

calcium was elevated to 3.60 mmol/l. A second operatien was not done because of the poor 

physical condition of the patient. Ora! phosphate was given. Nineteen years after the 

parathyroidectomies the patient died of unknown cause. At autopsy an enlarged right lower 

parathyroid gland was found. 

Vocal impairment was nat 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 pa·rathyroid 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. 11
•
13 Age, the constitution of the body and chronic 

illnesses can affect the weights considerably. Dufour and Wilkersen showed 

that the distribution of the total weights of normal parathyroid glands is 

significantly skewed to higher values. The 95% interval ranged from 8.2 to 

75.0 mg. An upper normal limit of 75 mg has, therefore, been proposed 6 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. 12 The parenchymal 

weight is a 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 6 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.14 In this study the 

incidence of hyperplasia would decrease by 3.2% when a limit of 70 mg, 

instead of 40 mg, is used. 

Tabie 6. lncidence of hyperpfasla using different upper limitsof normal parathyroid weighr* 

Upper limit (mg) 

40 
50 
60 
70 
80 
90 

Number of patients 

163 
156 
146 
141 
123 
113 

*In 16 patients weights were not recorded 

Rate of hyperplasia (%) 

23.5 
22.5 
22.1 
20.3 
17.7 
16.3 

Many authors rely on the combination of gross and microscopie features to 

distinguish adenomas from hyperplastic glands. 15"17 lncidences 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 adenomas trom 

hyperplastic glands. 18
• 
19 An incidence of hyperplasia of 45 % has been 

reported. in our opinion, it is inappropriate to use histologie criteria to 

differentiate adenomas from hyperplastic glands becuase a study on the 

histology of parathyroid glands in 236 patients with primary 

hyperparathyroidism has not showed significant different morphologic features 

in adenomas 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 as the sole criterion to classify parathyroid glands. 

The bilateral approach to the neck is most frequently used in parathyroid 

surgery. 5
•
20

"22 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 

48 



time and higher incidences of transient and permanent hypoparathyroidism and 

injury te the recurrent laryngeal nerve.23
•
24 Tibblin et al. recorded that the 

average length of unilateral procedures was 22 minutes shorter when compared 

to bi lateral procedures. In a comparative study by Tibblin et al. the occurrence 

of post-operative hypocalcemia was studied.23 After the secend post-operative 

day the serum calcium returned te 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 ene third of the 

patients with bilateral operations required temporary supplementation of 

calcium. At fellow-up two of fifty patients with bilateral operations needed 

vitamin D supplementations. 

The occurrence of transient hypocalcemia after bi lateral 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 te 

48 percent have been reported when biopsies were taken from all parathyroid 

glands. 14
•
25 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. Tc prevent transient and permanent hypoparathyroidism 

biopsies are now taken solely to ascertain the nature of the tissue when gross 

examinatien is uncertain. 

The proponems of the unilateral approach adhere te the concept that 

primary hyperparathyroidism is caused by enlargement of a single parathyroid 

gland ( adenoma I er by enlargement of all glands ( hyperplasia ). The unilateral 

approach is only applicable te single gland disease. When ene enlarged and ene 

normal gland are identified on the same side of the neck, single gland disease is 

believed to be present and the operatien is terminated. Tc differentiate 

between normal and abnormal glands Wang proposed the density test which 

measures the difference in total fat content of two parathyroid glands.24 Lew 

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 te 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.26 •27 

Tibblin utilizes the amount of intracellular fat te 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 nat consistent findings. 

Approximately 10 % of adenomas have significant amounts of intracellular fat, 

and hyperplastic glands can stain for varying amounts of intracellular fat. 28 

In our opinion, primary hyperparathyroidism can be caused by enlargement 

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 enlarged parathyroid on the right side of the neck and the other 

on the left. An unilateral approach in these patients could have resulted in a 

high incidence of persistent hyperparathyroidism. A study by Wells et al. 

recorded two ar three gland disease in 22 % of all patients, which is in 

accordance with the incidence ( 23 % I in our study.29 

The extent of resection of parathyroid tissue in patients with multiple 

enlarged glands remains contraversiaL One group of authors advocates subtata I 

parathyroidectomies in cases with enlargement of two or more parathyroid 

glands or in the presence of histological features indicating hyperplasia. 14
"

18 

However, the microscopie criteria for hyperpiasla are poorly defined. The 

motive to perfarm subtotal parathyroidectomies is the assumption that normal­

sized parathyroid glands in multiple gland disease are potentially hyperactiva 

and can cause persistent ar recurrent hyperparathyroidism. Another group of 

authors does nat consider normal-sized glands as potentially hyperactiva and 

therefore, selectively removes enlarged glands irrespective of the microscopie 

findings.9· 29
•
30 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 varles from 5 to 15 percent, whereas the 

persistenee rate after selective remaval of enlarged glands varies from 1 to 4 

percent. In our study, which calis for selective removal, the persistenee rate 

was 7.0 %. In one patient with hyperplastic parathyroid grands the second 

period 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 statistica! 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 nat surprising because the chance to miss an enlarged gland 

is greater when multiple parathyroid glands are enlarged. 

Recurrent hyperparathyroidism was reported by other authors in 0.4 to 16 
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% of the patients after subtotal parathyroidectomies, while removing only the 

enlarged glands was associated with recurrence rates varying between 0.4 and 

8 %. In our study two recurrences in patients with hyperplasia were recorded ( 

1 .8 % 1. Recurrent hyperparathyroidism was not observed in patients with 

adenomas. There was not a significant ditterenee between the rates of 

recurrence in patients with adenomas and patients with parathyroid hyperplasia 

( Student t-test, NS ). Our definition of recurrent hyperparathyroidism is a 

reflection of the biologica! behaviour of parathyroid glands in primary 

hyperparathyroidism. The lack of a statistica! significant ditterenee for the rates 

of recurrences in adenomas and parathyroid hyperplasias provides some 

evidence that parathymid adenomas and parathyroid hyperp!asia are part of the 

same pathological entity. 

In conclusion remaval of only the enlarged parathyroid glands results in 

acceptable rates of persistent and recurrent hyperparathyroidism in patients 

with primary hyperparathyroidism, provided MEN-I, MEN-11 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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Chapter 5 

HISTOPATHOLOGY OF SINGLE AND MULTIPLE GLAND DISEASE 

IN 

PRIMARY HYPERPARATHYROIDISM 
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Introduetion 

The pathology of primary hyperparathyroidism remains a centroversial 

and poorly understood subject in spite of considerable interest on the part of 

pathologists, surgeons, endocrinologists 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 

nadenomas" and "hyperplasias". Si nee no single criterion has proven irrefutable 

in making this differentiation various histologie diagnoses have been used 

ranging from adenomas, double adenomas, pseudo-adenomas, focal 

hyperplasias, chief cel I hyperplasias, water clear cel I hyperplasias, adenomatous 

hyperplasias to nodular hyperplasias. However, some surgeons use the 

histologie appearance of parathyroid tissue at trazen sectien to 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 morphologic features of parathyroid glands in 

236 patients with primary hyperparathyroidism who had long term fellow up 

studies. The objectives of this study are to document the differences between 

the histologie 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 microscopie examinatien of 

parathyroid tissue. 

Patients and methods 

The patients were selected from a registry of 693 patients operated on 

at the University Hospita! Dijkzigt I Rotterdam I or University Hospita! in leiden 

for primary hyperparathyroidism between the years 1952 - 1989. All 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 fellow-up and pathologie 

material to be included in this study. From the remaining 514 patients with 

single gland disease, a sample large enough to 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.5 After eliminating those 

patients with inadequate pathologie material, this group consisted of 130 

patients. Patients with MEN syndromes ar 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 

remaval of only enlarged glands was the surgical approach. An estimated 

weight of 40 mg or greater was used as the criterion tor enlargement. Follow 

up studies of the patients in bath groups included clinical 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 two blood samples at various times 

of the day. 

All 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 on!y to sections stained with hematoxylîn and eosin. The presence or 

absence of the following microscopie features were recorded: lobularity (Fig. 

5.1 ), microscopie cellularity (Fig. 5.2). chief cells, oxyphil cel is or water clear 

cells (Fig. 5.31. stromal fat, transition of abnormal tissue in the mass into 

normal parathyroid tissue (Fig. 5.4), a normal rim of parathyroid tissue (Fig. 

5.5), a capsule (Fig. 5.51. thick walled blood vessels, nuclear pleomorphism 

(Fig. 5.6), mitotic activity and blood/lymphatic vascular space involvement. 

Each gland was categorized as normal, 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, a normal rim and microscopie cellularity.6 A gland is considered 

hyperplastic if any one of the following criteria are met: fat cells in the mass, 

lob u lar 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. lf 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 lob u lar architecture. 

Figure 5.2 Parathyroid gland showing microscopie cellularity. 
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Figure 5.3 Water clear cells in a parathyroid gland. 

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 5.6 Nuclear pleomorphism in a parathyroid gland. 
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Results 

The histologie classification of the 130 cases surgically classified as 

single gland disease is shown in Table 1. Fifty eight cases we re classified as 

adenomas, 48, as hyperplasia, 18, as unclassifiable and 6, as normal glands. 

Table 1. Histologie classification of parathyroid g!ands 

Normal-Sized Glands Single Enlarged Glands Multiple Enlarged Glands 
1%1 (%) 1%1 

Normal 316 193.21 6 I 4.71 70 133.91 

Adenoma 2 I 0.61 58 144.61 22 110.61 

Hyperplasia 10 I 2.91 48 136.91 84 140.91 

Unclassifiable 11 I 3.21 18113.81 30 114.61 

Tata! 339 130 206 

Two patients with single enlarged parathyroid glands had persistent 

hyperparathyroidism. One patient had had a single enlarged parathyroid 

removed which was interpreted as hyperplasia. The other patient had had one 

enlarged gland removed and a biopsy of one normal sized gland. Bath 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 grands, 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 grands were classified as normal 

glands, in the other three, the grands were classified as hyperplasias. Recurrent 

hyperparathyroidism was observed in two patients. In one patient three 

enlarged glands (all classified as hyperplasiasl were removed at the first 

operation. Material from the normal sized parathyroid which was left behind 

was nat available. After 19 years hypercalcemia developed. A hyperplastic 

parathyroid gland wasthen found at autopsy. The other patient with recurrent 

hyperparathyroidism had two enlarged upper parathyroid glands which were 

removed at the first operation. Microscopie slides obtained at this eperation 

were not available. Hypercalcemia 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 339 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 I. 

Multidiscriminate analysis revealed that the presence or absence of a 

normal rim , a capsule, chief or oxyphil cells and nuclear pleomorphism did nat 

contribute to differentiating among normal-sized, single enlarged and multiple 

enlarged parathyroid glands-' 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. Camparing normal sized 

parathyroids and the combined group of single and multiple enlarged 

parathyroids showed a highly significant difference ( Eigenvalue = 1 .0992 I. 

Microscopie cellularity was the most important differentiating feature (Table 21. 

Table 2. Standardized canonicaf coeffiäents of histologie features in comparison of normal-sized 
and en/arged parathyroid glands * 

Microscopie Cellularity 
Clear Cells 
Lack of Stromal Fat 
Lobularity 
Transition 
Thick Walled Vessels 

1.230 
0.125 
0.140 

-0.104 
0.031 
0.017 

Positive signs indicate abnormality, negative, normalcy. 

Table 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 multidiscrirninate analysis 

Normal-Sized Parathyroid Glands (%) Enlarged Parathyroîd Glands {%) 

Normal Glands 299 188.201 67 119.941 

Abnormal Glands 40 111.801 269 180.06) 

Total 339 336 

63 



Camparing single and multiple enlarged parathyroids showed a far less 

significant difference I Eigenvalue ~ 0.317 ). Microscopie cellularity, Jack of 

stromal fat, presence of transition and thick walled vessels indicated single 

gland disease, whereas clear cells and lobularity suggested multiple gland 

disease ITable 4). 

Table 4. Standardized canonical coefficients of histologie features in comparison of single and 
multiple enlarged parathyroid gtands • 

Microscopie Cellularity 
Clear Cells 
Lack of Stromal Fat 
Lobularity 
Transition 
Thick Walled Vessels 

0.284 
• 0.192 

0.280 
• 0.568 

0.439 
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. C!assification of parathyroid glands by multidiscriminate analysis 

Normal-Sized Parathyroid Grands Single Enlarged Grands Multiple Enlarged Grands 
(%) (%) (%) 

"Normal" 299 (88.201 6 (4.621 61 (29.611 

"Adenoma" 10(2.951 99 (76.151 62 (30.1 0) 

"Hyperplasia" 30 ( 8.851 25 (19.231 83 (40.291 

Total 339 130 206 

Discussion 

Traditional dogma in primary hyperparathyroidism holds that the majority 

of cases ( 50 - 89 % ) are caused by parathyroid "adenomas" .8.
15 The 

percentage of adenomas reported has varied depending on the criteria to define 

them. Adenomas are reported to occur with equal frequency in all four glands. 

Microscopically, a monomorphic proliferation of chief cells is most common, 
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aften with some oxyphil and/or transitional cells. Water clear cells are rarely 

found. Cytologie changes in the chief cells, such as nuclear enlargement and 

hyperchromasias, also occur. 

benign finding, may be seen. 

Occasionally, marked nuclear pleomorphism, a 

Any architectural arrangement, solid, nodular, 

trabecular, acînar, or follicular, is possible. The presence of smal! amounts of 

stromal fat is acceptable to many authors as long as the ether criteria are 

met.8
•
9

• 
13

• 
16

"
18 Degenerative changes, cysts, fibrosis, hemorrhage, etc., 

especially in larger ones, are not uncommon. 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 
gland.9,11, 13,16,19 

The existence of multiple adenomas has been debated for years. 

Harness et al. recorded 5 patients with multiple adenomas in 300 cases of 

primary hyperparathyroidism using the following criteria: (1 I the finding of more 

than one enlarged parathyroid gland that shows histologically hyperplasia, 121 
operative confirmation that the remaining parathyroid glands are normal in size, 

consistency, color and that at least one or more are histologically normal, 131 
neither clinical evidence nor family history of MEN syndromes or familîal 

hyperparathyroidism and 141 permanent cure of hypercalcemia by excision of 

the enlarged parathyroid glands.20 Verdonk and Edis reported 38 patients (1.9 

%1 with double adenomas in 1,962 patients with primary 

hyperparathyroid ism. 21 

In contrast to adenomas, most series report a minority I 15 - 20 % I of 

primary hyperparathyroidism as caused by hyperplasia 8
•
9

•
21 Usually, all four 

parathyroid glands are affected, but the enlargements may be assymetrical. 

Microscopically, a mixture of cel Is is common, and nodularity is much more 

camman and prominent than in adenomas. Water clear cel! hyperplasîa is 

distinctive, but rarely seen at the present time. Stromal fat is usua!ly 

demonstrabie in the gland, but may nat be seen in all sections. Architectural 

arrangements are as varied as those seen in adenomas. lt 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 multiple gland disease.22"25 Many early studies on 

differentiating adenomas and hyperplasias have used either poorly described 

criteria or poorly sampled parathyroid glands. The marked variatien in normal 

65 



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 a normal rim of compressed parathyroid tissue, as seen in 50 - 70 % 

of adenomas, is unreliable since this phenomenon may be reproduced by large 

dominant noctules in hyperplastic glands. Considerable overlap in the cell types 

may be seen in both adenomas and hyperplasias, as welras 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. lf one accepts this concept, then the 

distinction of the minimally enlarged or "microscopically hyperplastic" gland 

from the normal gland becomes critica!. 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 smal! biopsies are submitted for frozen sections, which is a common 

practice. The definition of normality, in this context, may significantly alter the 

apparent incidences of hyperplasia and adenoma. While some have suggested 

that "microscopie hyperplasia" and mild enlargement 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, ethers have emphasized that such distinctions are probably more 

semantic than real because they correlate poorly with persistent or recurrent 

hyperparathyroidism. 

In actdition 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 cvtoplasmie fat droplets. The 

hyperfunctioning gland has little or no cytoplamic fat. 26 The usefulness of this 

technique has been controversia1.6
•
26

•
27 We feel that the significant overlap in 

cytoplasmic fat content in both hyperactive and normal glands, the 

methodologie differences between various studies and the subjectivity of 

interpretation, limit the usefulness of staining for cytoplasmic fat on a 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 th.,s 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 persistentand 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 

0. 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 Gilmeur and Martin.29 

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.30 In our study only 18 of 336 enlarged parathyroids had 

weights between 40 and 75 mg. Classifying these glands as normal would nat 

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.6 Based on the 

assumption that an adenoma is a clonal growth which would be expected to 

displace adjacent parathyroid tissue as it grew and nat incorporate stromal fat 

and eliminate the normal lobularity of the gland, they proposed that any lesion 

that contained stromal fat, had a lobular panern or showed transition from 

normal parathyroid tissue to abnormal tissue, was an example of hyperplasia. 

All three of these criteria had to be absent to 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 enlarged glands the presence or absence 

of a "normal rim" was statistically not significant. Microscopie cellularity, Jack 

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 multiple gland disease one third was classified as 

"normal" and 40.9% as hyperplasia. Lobularity and clear cells were more 

frequently seen in multigland disease than in single gland disease. 

Biopsies of normal-sized parathyroid glands were histologically 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 

"normal" by the pathologists. 

As demonstrated by these data, the microscopie classification of 

abnormal glands as hyperplasia or adenomas correlates poorly with the gross 

classification of the disease. However, the pathalogist can distinguish normal 

trom abnormal parathyroid glands with a fair degree of accuracy. We fee I that 

this distinction should be the primary aim of microscopie examination of frezen 

and permanent sections. 
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Chapter 6 

DNA ANALYSIS IN PRIMARY HYPERPARATHYROIDISM 

Accepted for publication in modified version in Crit Rev Clin Lab Sci. 





introduetion 

The goal of parathyroid surgery is to remave all hyperactive or 

potentially hyperactive parathyroid tissue. The majority of patients with primary 

hyperparathyroidism is cured by the remaval of a single enlarged parathyroid 

gland ( adenoma ). Controversy remains on the optimal surgical treatment of 

multiple enlarged parathyroid glands ( hyperplasia ). Same authors advocate 

subtotal parathyroidectomies in multigland disease because they consicter all 

parathyroid glands hyperactive in multigland disease. 1
"
4 Others remave only 

enlarged parathyroid glands.5•6 Microscopical examination of parathyroid tissue 

has been unable to discriminate between parathyroid adenomas and primary 

parathyroid hyperplasia.7 This has led to a quest 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 disease. 

Patients and Methods 

Patient Selection 

The charts of patients who had their first parathyroidectomies for primary 

hyperparathyroidism at the University Hospita! in Rotterdam from March 1974 

to August 1980 were reviewed. Patients with multiple endocrine neoplasias or 

familia! hyperparathyroidism were exc!uded. lnformation was available on the 

diagnostic procedures, the parathyroidectomies, the pathologie 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 estîmate the 

weight of a parathyroid gland. Smal I biopsies we re taken of all identified 

glands. All biopsies were examined by frozen sections. The identification of 

parathyroid tissue was the only information required from the pathologist. The 
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interpretation of the microscopie slides of the parathyroid glands, which va ried 

from adenomas, focal hyperplasias, nodular hyperplasias to chief cell 

hyperplasias, did nat 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 glands we re recorded. The follow up of patients was carried out 

with the aid of the National Pop u lation 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 calcium, albumin, 

creatinine and urea were determined. A serum parathyroid hormone (PTH) 

assay (IRMA 1-84 fortheintact hormone, INCSTAR, Stillwater, Minnesota) was 

performed when the mean calcium value, corrected for serum albumin, 

exceeded 2.45 mmoliL (normal 2.20 - 2.65 mmoi/U 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. Multigland 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.8 Patients who were 

hypercalcemic after their first parathyroidectomies and who had nat 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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Paraffin DNA Methad 

The paraffin-embedded tissues were deparaffinized and dissociated according 

to a modification of a methad reported by Hedley! Three to four 50 um 

sections of the paraffin blocks were cut on a standard mierotome and 

deparaffinized with two 3 ml washes of Americlear (Stephens Scientific 

Division, Oak Ridge, NJI. Tissue sections we re rehydrated by sequentia! 10 

minute washes in 3 ml of 100%, 95%, 70%, and 50% (vlvl 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 ml of a 1% (w/v) pepsin 

salution (1100 unitslmg protein, Sigma Chemicals, St. Louis, MOl at 37 C for 

30 min., vortexing every 5 min. then centrifuged at 1000 x g for 5 min. The 

cell pellets were resuspended in 1-3 mL Earles Balanced Salt Salution (Sigma 

Chemicals). The samples were filtered through 150 urn metal meshes (Small 

Parts, lnc. Miami, Fll and recentrifuged at 1000 x g for 5 min. The cel I 

buttons were resuspended in 1 mL propidium iodide staining salution and 

processed as described in the section on the methad of staining. 

Methad of Staining 

Cell suspensions were stained with propidium iodide (PI) (Sigma Chemicals, 

St. Louis, MOl according to the methad described by Bauer. 10 One mLoflow 

salt stain (3.0 g polyethylene glycol (PEG 8000, Fisher Scientific, Pittsburgh, 

PA), 5 mL of 1 mglmL PI, 5 mL of 3600 unitslmL RNAse A in PBS, 1 mL of 

10% (vlv) Triton X-1001PBS, 89 mL of 4 mmoliL Sodium Citrate Buffer) were 

added to cell pellets from paraffin embedded tissue and gently vortexed. 

Samples were incubated for 20 min. at 37 C, then 1.0 mL of a high salt stain 

(3.0 g PEG, 5 mL of 1 mglmL PI, 1 mL of 10% (vlvl Triton X-1 OOIPBS, 94 mL 

400 mmoliL Sodium Chloride) was added to each tube and gently vortexed. 

Each specimen was filtered through a 60 urn nylon mesh (Small Parts, lnc., 

Mlami, FLI into a new polystyrene tube, then analyzed by flow cytometry for 

DNA content. Staining solutions were prepared in advance and stared at -70 C 

in 3 ml aliquots until just prior to use. 
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Flow Cytometry 

All samples were analyzed on a Epics-C flow cvtometer (Coulter 

Corporation, Hialeah, FLI at 400 mW of 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 (PMTI. The signa I from the red PMT was 

split and fed into two amplifiers. 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 yield a "down-scale" version of the DNA 

histogram, which was used tor visualizing triplets and tetraplaid tumors. 

The following parameters were collected in list mode on all samples: log 

forward angle light scatter, log side scatter, red fluorescence, and down-scale 

red fluorescence. The 256 channel red fluorescence histograms were self-gated 

above channel 10. All samples were briefly vortexed just prior to running and 

data were acquired at 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, lnc., Topsham, ME), a cell cycle analysis program. 11 The following 

parameters were calculated and analysed: DNA index, % S-Phase, % G2M, % 
G2M minus doublets, debris and total events ( Fig. 1 ). DNA index was defined 

as the ratio of the mean of the GO/G1 peak of the tumor population to the 

mean of the GO/G1 peak of the normal population. Position is the mean 

channel number of a modelled Gaussian peak. Popuiatiens with a DNA index 

between 0.9 and 1.1 were considered as DNA diploid populations. DNA 

tetraplaid 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 

aneuploid 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 

aneuploid and hyperdiploid populations had indices between 1 .1 and 1.9 or 

greater than 2.1. 

Doublets were calculated by interpolating between the singlet and triplet 

peak heights. The G2M minus the doublets was telt to represent a more 

accurate assessment of G2M or 4c cells. All results were entered into a 

database and analyzed using Excel (Microsoft Corporation, Red mond, WA) 
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Number 

Channel Number 

Figure 6.1 Histogram of a parathyroid gland with a DNA diploïd pop u lation of cells. 

GO I G1 peak at channel 78 (2c), G2M peak at channel 156 (4c). S-phase: cells 

between GO I G1 and G2M peaks. Debris: ce11s between channel 0 and GO I G1 peak. 

Triplet peak at channel 234 (6c). 
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Results 

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 operatien was 47.9 years ( 19-78 yrs ). 

The ratio of females to mal es 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 92 specimens 

showed cell populations with DNA dipleid contents (Table 1.). 

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

Diploïd Aneuploid Tetraploid 

Normal-Sized Glands 91 0 

Single Enlarged Glands 27 8 

Multiple Enlarged Glands 48 10 

In one case a DNA tetraplaid popuiatien ( DNA index = 2.05 I was 

found.(Fig. 6.2) This was a biopsy of a normal-sized gland from a patient who 

had two enlarged glands removed and who developed 14 years after 

parathyroidectomy an elevated parathyroid hormone level and a serum calcium 

value of 2.66 mmoliL 
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Figure 6.2 Histogram of a normal·size parathyroid gland with popuiatien of DNA 

tetraplaid cells. GO 1 Gl peak of DNA dip!oid cells at channer 22. GO I Gl peak of 

DNA tetraplaid cells at channel 45. G2M peak of DNA tetraplaid cells at channel 90. 

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 populations. Six were hyperdiploid, and two 

grands showed both hypodipleid and hyperdipleid populations (Fig. 6.3). A DNA 

tetraplaid 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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Channel Number 

Figure 6.3 Histogram of a single enlarged parathyroid gland with coexistent DNA 

hypodipleid and hyperdiploïd populations of cells at, respectively, channel 60 and 120. 

Fifty-nine enlarged parathyroid glands obtained from 27 patients with 

multigland 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, hypodiploid. In one enlarged parathyroid two 

hyperdipleid populations were found (Fig. 6.4). One aneuploid gland had a DNA 

tetraplaid population. One patient had persistent hyperparathyridism due to a 

left lower enlarged parathyroid which was missed at the first operation. After 

remaval of this gland normalcalcemia foliowed. DNA analysis of the left lower 

gland showed a DNA diploid panern with 9.2 % of cells at 4C. 
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Figure 6.4 Histogram of a multiple enlarged parathyroid gland with two DNA 

hyperdipleid populations of cells at channel 95 and 120. 

The mean weight of single enlarged parathyroid glands with DNA diploid 

populations was 2,092 mg (115 - 16,676 mg), while the mean weight of single 

enlarged glands with DNA aneuploid populations was 3229 mg (31 0 - 12000 

mg). A Student t-test revealed no significant ditterenee (t ~ 0. 781. 

In multiple gland disease the mean weight of enlarged glands with DNA 

diploid populations was 2,027 mg (1 00 - 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 ditterenee (t ~ 0.80). 

A chi-square test was used to campare 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 camparing normal-sized glands with enlarged glands in single gland 

disease (p < 0.001 I 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 t-test was used to campare the mean percentages of cells 

in the S and G2M 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 glands. 

Table 2. DNA parameters of parathyroid g/ands with dipleid DNA patterns of patients with 
primary hyperparathyroidism 

% S-phase %G2M % G2M • doublets 

Normai-Sized Giands 1.89 +/-1.14 6.94 + /- 3.05 5.95 +I- 2.08 
(0.6-6.21 (1.8-15.71 (1.8-11.91 

Single Enlarged Glands 3.64 +I- 4.00 1 0.02 + 1- 4.35 8.03 + /- 2.54 
(0.1-18.51 (4.9-15.31 13.2-14.51 

Multiple Enlarged Glands 3.48 + 1- 2.63 9.96 + 1- 5.53 8.53 + 1- 4.93 
(0-12.51 (1. 7-22.21 (1.7-19.21 

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 microscopie 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." 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. 

lrvin and Bagweil attempted to identify histologically undetectable 
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parathvroid hvperplasia bv flow cvtometry in 37 patients with parathvroid 

adenomas. 13 Flow cvtametrie DNA analvsis was done in parathvroid glands 

obtained from patients without parathvroid disease, normal-sized glands from 

patients with primarv hvperparathvroidism and enlarged parathvroid glands. 

The percentage of nuclei that feil within the 4C region was referred to as 

"hvperplastic index". The difference of "hvperplastic index" between normal 

sized glands and enlarged glands was statisticallv significant. However, there 

was a considerable overlap of "hvperplastic index" between the two groups of 

parathvroids. Twentv-nine percent of the normal-sized parathvroid glands 

would be classified as enlarged parathyroids using solely the "hvperplastic 

index". Our study also showed significant ditterences of % S-phase and % 

G2M between normal-sized parathvroid glands and enlarged glands in primarv 

hvperparathyroidism. However, there was to much overlap between the two 

groups to merit use of % S-phase and % G2M to discriminate between normal 

and abnormal parathvroid glands in individual cases. 

In another study lrvin et al. correlated the postoperative levels of serum 

parathvroid hormone (PTH) and DNA-contents of normal-sized parathyroid 

glands which were left behind after parathyroidectomies. 14 Percentages of DNA 

tetraploidy greater than 6 % were considered abnormal based on the 

percentage of DNA tetraplaid cells in normal parathyroid glands 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 tetraplaid 

DNA content of the normal-sized parathyroids was greater than 6 %. Four 

patients with normal-sized parathyroids with tetraplaid DNA contents greater 

than 6 % had normal PTH levels. All six patients with less than 6 % of DNA 

tetraplaid cells had normal PTH levels. In 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 2.45 mmolil since normocalcemic hvperparathyroidism was not 

considered to be likely in patients with serum calcium levels lower than 2.45 

mmoi/L. PTH assavs were done in 6 patients. In one patient an elevated level 

of PTH was found. In this patient DNA analysis showed a DNA tetraplaid 

population of cells in a biopsy from a normal-sized gland. 

The finding of DNA aneuploid populations of cells in single or multiple 

enlarged parathvroid glands in primary hyperparathvroidism has been reported 

bv 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 patterns in single gland disease ( adenomes J 

Number of Glands % Aneuploidy % Tetraploidy 

lrvin 14 37 15 

Harlow15 12 25 8 

Bowlby16 56 5 21 

Shenton 17 39 15 50 

Joensuu 18 54 26 9 

Present study 36 22 3 

Table 4. DNA patterns in multiple gland disease (hyperplasie J 

Number of Glands % Aneuploidy % Tetraploidy 

lrvin14 4 25 

Bowlby16 10 0 20 

Present study 59 17 2 

DNA aneuploidy is a well recognised feature of human tumors. There is 

accumulating evidence that ploidy reflects the biologica! behaviour of a large 

number of tumors and that dipleid tumors in particular have a good 

prognosis. 19 Tumor ploidy cannot be used as an absolute criterion to distinguish 

between benign and malignant tumors since the latter mayalso be diploid. The 

finding of DNA aneuploidy in benign breast tumors has been reported in a smal i 

number of patients who later developed invasive breast cancer.20
•
21 

lrvin et al. found rates of DNA aneuploidy in single and multigland 

disease camparabie to our study. 14 In their study the number of parathyroid 

glands with DNA tetraplaid populations of cells was nat reported. 

Bowlby et al. reported a high incidence of DNA tetraploidy. 16 However, 

DNA tetraploidy was defined as DNA patterns with greater than 15 % of the 

cells in the DNA tetraplaid region. We teel that a definition of DNA tetraploidy 

should include another peak of cells at SC, 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 abserve recurrent hyperparathyroidism or metastases they suggested that 

parathyroid glands with DNA aneuploid or DNA tetraplaid cells might progress 

into malignancies. Data on parathyroid glands with DNA aneuploidy or DNA 

tetraploidy which are leftin situ are difficult to obtain. In our study one patient 

with a DNA tetraplaid population of cells in a normal-sized parathyroid gland 

which was left behind developed recurrent hyperparathyroidism. However, we 

were unable to delineate DNA aneuploidy 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 regionH Bath 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 nat 

done in the study by Shenton et al.. 

Joensuu and Klemi reported the results of DNA analysis of 164 

adenomas of the pituitary, thyroid, parathyroid and adrenal glands. 18 

Unequivocal evdence of DNA aneuploidy was found in 29 % of pituitary, 25 % 

of thyroid, 35 % of parathyroid and 53 % of adrenal adenomas. After a 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 

Iabaratory 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. 18 Obara et al. correlated DNA aneuploidy 

with pre-operative serum calcium and C-PTH levels.22 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. Th ere we re 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.22 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 

popuiatien of cel Is was found in the largest parathyroid gland. 

In two single enlarged parathyroid glands bath hypo-diplaid and 

hyperdipleid populations of cells were found within the same gland, and in one 

multiple~enlarged parathyroid gland two hyperdiploid populations of cells were 
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identitied. These findings suggest a multicellular origin in single and multigland 

disease. Current concept is that most neoplasms arise from a single cell of 

origin.23
•
24 

Arnold et al. reported the results of two independent molecular genetic 

studies in parathyroid adenomas and parathyroid hyperplasia.25 In eight 

adenomas monoclonal patterns were tound, and none of tive hyperplastic 

glands had a monoclonal pattern. A study by Fialkow et al. appears to 

contradiet the tindings of Arnold et al..26 Four parathyroid adenomas trom 

patients with heterozygosity for the X-chromosome-linked enzyme , glucose-6-

phosphate dehydrogenase we re analysed. Bath B and A isoenzymes we re 

found in each adenoma in proportions similar to those observed in normal 

tissue, indicating that the lesions had multicellular origin. Fialkow et al. 

concluded that parathyroid hyperplasia and adenomas might be similar 

biologically. 26 
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Chapter 7 

GENERAL DISCUSSION 





The two-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 farms 

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 %. 1 However, in patients with persistent or 

recurrent hyperparathyroidism localization studies can be helptul 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 ar weighing less than 100 mg. Particularly these 

smal i glands can be difficult to find at exploration of the neck. 

The understanding of the pathology of primary hyperparathyroidism is 

crucial to determine the optima! 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 histologie features which differentiate 

"adenomas" and "hyperplasia" consistently have never been reported. 2 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.3"5 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. Ta establish potential hormonal 

hyperactivity of normal size parathyroid glands long term follow-up studies are 

necessary. In addition, persistentand recurrent hyperparathyroidism need to be 

separated properly. Persistent hyperparathyroidism is caused by missed enlarged 

parathyroid glands at the first parathyroidectomy, and therefore, 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 

multiple 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 parathvroid glands. After a mean follow-up of 13.5 vears the rate of 

recurrent hvperparathvroidism was 0.7 %. Therefore, we conclude that the 

onlv important parameter of hormonal function of parathvroid glands is the size 

of the gland. The consequence of this observation is the u se of the terminologv 

"single and multiple gland disease". 

In this studv an attempt has been made to correlate histological and 

flowcvtametrie findings of parathyroid glands with the gross classification as 

single or multiple gland disease. The traditional dogma was that a "parathvroid 

adenoma" is associated with enlargement of a single parathvroid gland and 

"hvperplasia" with enlargement or rather disease of all parathvroid glands. 

Since the traditional microscopical criteria tor "parathvroid adenoma" and 

"hvperplasia" had proven to be unable to differentiate these two entities, the 

criteria recentiV proposed by Ghandur and Kimura were applied! Normal 

parathvroid glands were distinguished from abnormal glands fairlv accuratelv bv 

microscopical examinatien ( sensitivity = 93 %, specificity = 77 %). 

However, the correlation between "parathyroid adenoma" and "hyperplasia" and 

single and multiple gland disease was poor. A multidiscriminate analvsis was 

also unable to find characteristic histologie patterns in single and multiple gland 

disease. Flow cvtametrie nuclear DNA analvsis showed similar results as the 

histological study: significant ditterences between normal-size and enlarged 

parathvroid glands but no difference between single and multiple gland disease. 

Primarv hvperparathvroidism can be caused bv enlargement of onlv two 

or three parathvroid glands. In this studv 120 patients had two enlarged 

parathvroid glands, and 40 patients had three enlarged parathvroid glands. Only 

18 patients had four enlarged parathyroid glands. Seventy-two of the patients 

with two enlarged parathvroid glands had one enlarged parathvroid on the right 

side of the neck and the other on the left. A unilateral approach in these 

patients could have resulted in a high incidence of persistent 

hvperparathvro id is m. 

In our opinion, remaval of onlv enlarged parathvroid glands in non­

familial primarv hvperparathvroidism is associated with acceptable rates of 

persistent and recurrent hvperparathvroidism. Evidence is lacking that normal­

size parathyroid glands are potentiallv hyperactive. The role of microscopie 

examinatien of parathyroid tissue seems to be limited to the distinction of 

normal from abnormal parathvroid tissue. Flow cvtametrie DNA analvsis can 

objectivelv differentiate normal from abnormal parathvroid glands. Although 

primarv hvperparathvroidism can be treated successfullv the pathogenesis of 

primarv hyperparathyroidism re ma ins 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 popuiatien per year. The clinical picture of primary 

hyperparathyroidism ranges from absence of symptoms to severe bone andlor 

renal disease. The etiology and pathogenesis of primary hyperparathyroidism 

remain poorly understood. As a consequence the surgical treatment varies 

considerably. 

In chapter 1 the historica! 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 

phosphate, serum chloride I serum phosphate ratio, serum alkaline phosphatase, 

urinary excretion of cyclic adenosine mono phosphate (cAMP), maximal 

reabsorption of phosphate in terms of renal function (TmP 1 GFR ratio), calcium 

infusion, renal excretion of calcium, bone histology and radiologie 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 mld-region immuno-assays is limited in spite of a satisfactory sensitivity, 

because these immuno-assays detect biologically inactive fragments of 

parathyroid hormone. The amine-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 mediastinal parathyroid tumor. 

In chapter 4 the results of fellow-up studies in 693 patients with non­

familial primary hyperparathyroidism are reported. All patients had selective 

remaval 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 2.5 %. Remaval of only enlarged 

parathyroid glands is recommended as the surgical treatment of non-famillal 

primary hyperparathyroidism. Biopsies of parathyroid glands should only be 

taken sparingly to prevent transient and permanent hypoparathyroidism. 

In chapter 5 the histological features of the parathyroid glands of 236 

patients with non-famillal 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 camparing 

normal-size parathyroid glands and enlarged parathyroid glands ( Eigenvalue = 

1.0992 ). Microscopie cellularity was the most important differentlating 

feature. Camparing single and multiple enlarged parathyroid glands showed a 

far less significant ditterenee ( Eigenvalue = 0.317 ). 

In chapter 6 the results of flow cytometric nuclear DNA analysis of 

paraffin embedded parathyroid tissue from 66 patients with non-famillal primary 

hyperparathyroidism are reported. Significant ditterences for DNA index, % S­

phase, % G2M were found camparing normal-size and enlarged parathyroid 

glands ( p < 0.001 ), but none between single and multiple enlarged 

parathyroid glands. 
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Primaire hyperparathyreoidie is een frequent voorkomende ziekte met 

een jaarlijkse 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 van dit proefschrift 

geformuleerd. 

In hoofdstuk 2 wordt de diagnostiek van primaire hyperparathyreoidie 

beschreven. De diagnostische waarde van serum calcium gehalte, serum 

fosfaat , serum chloor I fosfaat ratio, serum alkalische fosfatase, uitscheiding 

van cyclisch adenosine monofosfaat (cAMP) in de urine, maximale reabsorptie 

van fosfaat gerelateerd aan de nierfunctie (TmP I 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. lmmunoassays voor het carboxyl- of 

midden gedeelte van het bijschildklier hormoon hebben een hoge sensitiviteit. 

Deze bepalingen meten echter biologisch niet actieve fragmenten van het 

bijschildklier hormoon. De immunoassays voor het amine 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 is de two-site 

immuno-radiometrische bepaling (IRMA) die het gehele bijschidklierhormoon 

herkent , ook in zeer lage concentraties. 

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 bijschildklieren 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 693 
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patienten met niet-familiaire primaire hyperparathyreoidie gepresenteerd. Bij alle 

patienten werden alleen de vergrote bijschildklieren (geschat gewicht groter dan 

40 mg) verwijderd onafhankelijk 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 

hormonale functie te 

hyperpa rathyreo id ie. 

hebben en geen aanleiding te geven tot recidiverende 

Tijdelijke en blijvende hypoparathyreoidie kwamen 

respectievelijk 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 bijschildklieren 

van 236 patienten met niet-familiaire primaire hyperparathyreoidie beschreven. 

Normale bijschidklieren werden goed onderscheiden van abnormale 

bijschildklieren (sensitiviteit = 93 %, specificiteit = 77 %1. Histologische 

classificatie van bijschildkleren als "adenomen" of "hyperplasie" correleerde 

echter niet met de aanwezigheid van een of meer vergrote bijschildklieren. 

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 criterium om normale en abnormale bijschildklieren te 

onderscheiden. Een statistisch significant verschil tussen "single gland disease" 

en "multiple gland disease" werd niet gevonden (Eigen-waarde = 0.317). 

In hoofdstuk 6 worden de resultaten van flow cvtametrie van 

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 bijschildklieren (p < 0,001 ). Een 

statistisch verschil tussen "single gland disease" en "multiple gland disease" 

werd niet gevonden. 
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