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ABSTRACT 

'The limited usefulness of radioimmunoassays of parathyroid 

hormone in the differential diagnosis of hypercalca.emia in

vi tes the use of methods measuring effects of parathYl.'oid 

hormone (PTE). Data derived from 4-5 day metabolic studies 

in 107 hTpercalcaemic patients (78 retrospective and 29 

prospective cases) were combined in a hypercalcaemia discri

mination index (RDI) .. This index, liDI = (t:trinary calcium 

(mg/24 h) x 100 x serum phosphate (rug/IOO m1))/(serum total

calcium (mg/IOO ml) x the 24~hour clearance of creatinine 

(ml/min)), expresses in one figure the combined actions of 

PTR on the renal handling of calcium and on serum phosphate. 

A. multivariate analysis of the retrospective data confirmed 

that the HDI offered optimal discrimination. An identical 

pattern of discrimination vias observed in the prospective 

series. Based on the complete series liDI = 136 is found to be 

the optimal discrimination value. The classification of the 

patients'as having hyperparathyroidism or pseudohyperpara

thyroidism (below 137) or non-parathyroid h~~ercalcaemia 

(above 136) corresponded in 100 out of 107 patients (93.5%) 

vIi th the final clinical diagnosis. The eftects upon the HDI 

of sex, age, season, large urine losses, high intakes of 

calcium and the use of thiazides were also evaluated. 

The determination of EDI appears to be a valuable tool in the 

endocrine evaluation of thehypercalcaemic patient. It has 

served well as an alternative to., the immunoassay and continues 



to serve as a supplement to this assay telling something 

about the piological significance of the measurements of 

i.mmuno-reactive PTE. 
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Because of the simple negative feed-back interplay bet"l'leen 

serum calcium and the secretion of parathyroid hormone (PTE) 

one vlOuld expect the determination of immuno-reactive para

thyroid hormone (iPTH) to be'an ideal tool in the differential 

diagnosis of hypercalcaemia. For several reasons, hOv18vex, it 

is 110t so. One major reason is the immunological and biological 

heterogenei ty of PTH metabolites in circulation (~~s_& Can

t!3rbury 1974), and another the ability of certain malignant 

tumors to secrete PTE-like polypeptides 1I1hich mayor may not 

behave like PTH immunologically and biologically • .certainly, 

the concentration of iPTH is usually raised in hyperparathyroi

dism (Benson e~. 1974) and low-normal to unmeasurable in 

non-parathyroid conditions like osteolytic metastases, sar

coidosis, vitamin D intoxication, the milk-alkali syndrome 

and hyperthyroidism (Buckle et a1. 1969; Hawker et a1. 1970; 

~~rray et al. 1972; Cushard ~~. 1972; Blair et a~. 1973; 

r1anderlier et a1. 1973; Bouillon & De Moor 1974). The present 

status concerning measurements of iPTH in malignant disorders 

ho,.rever, is most bewildering. Benson et a1. (1974) demonstrate 

raised levels of iPTH in virtually all types of malignancies, 

myelomatosis and carcinoma of the breast inclusive, while 

others present patients exhibiting an identical pattern of 

calcium metabolism and unmeasurable iPTH.levels (Rowell et ale 

1973; Beck-Hielsen et 13,1. 1975). The present state of affairs 

invites the use of methods measuring the effects of PTE rather 

than the concentration of iPTH t or even better, the combined 

use of such technics. 
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PTE increases the tubular reabsorption of calcium (~leem~n 

et_ ale 1961) 9 probably the most iniportartt biological action 

of this hormone and, fortunately, also one of those which can 

be assessed most readily. In 1966 ,ve introduced determinations 

of the fractional tubular reabsorption of calcium (TRCa%) for 

use in the differential diagnosis of hypercalcaemia (Transb01. 

et ale 1967). Subsequently~ the usefulness of this approach 

has been substantiated (Transb01 et a1 e 1968; Nordin & Pe_~1s. 

1969; Llmd et al. 1970; ~sb01_et ale 1970b; Transb01 at al. 

1970c; ~1ersen & Mosekilde 1972; Lund 1973). 

In the present paper a further development is presented, the 

hypercalcaemia discrimination index (HDI), expressing in ~ 

figure the combined actions of PTH on the renal handling of 

calcium and on serum phosphate. For the purpose of statistical 

evaluation of the properties of EDI and in order to discuss 

the possibility of even better discrimination a multivariate 

analysis was carried out. 

HDI was developed on the basis of data from a retrospective 

series of 78 hypercalcaemic patients and tested prospectively 

in 29 patients. In addition, a group of 26 healthy volunteers 

-vTaS in'eluded for the study of seasonal variations in HDI. 

MATERIAL 

The whole series comprises 107 hypercalcaemic patients refer

red to departments of interna.l medicine (Table 1). They "lere 

selected for study by not being too ill or too old to cooper-

a.te and not receiving either causal or unspecific treatment of 
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~ . 
their hypercalcaemia. The only exceptions from this rule. i'Jere 

the diElcontinuation of vitamin Ii ahead of the study in vi tamin 

D intoxication and the use of propylthiouracil and glucocort-

icoids for adequate control of hyperthyroidism and sarcoidosis 

associated Ivi th hyperparathyroidism. In patients using diur-

etic8 or estrogens such treatment ',laS discontinued 2-4 'veeks 

ahead of the study6 

The diagnostic criterion for hyperparathyroidism vIas a state 

of hypercalcaemia for which no other cause could be demonstrated t 

and the diagnosis was confirmed by operation in 79 out of 83 

patientse In 75 patients light microscopy revealed signs of 

hyperplasia or adenomaformation (Table 1), while in four a 

lasting normalization of serum calcium resulted from the re-

moval of histologically normal but enlarged parathyroid glands 

(Transb0l et al. 1970a). These glands measured: case 26: three 

glands, 8 x 3 x 2 mm each, case 73: tw'o glands of vlhich one 

weighed 60 mg, case 99: 12 x 4 x 4 mm and 10 x 3 x 3 rom, and 

case 100: 20 x 7 x 5 rom and 10 x 8 x 7 mm. Neither of these 

criteria of confirmation were met in case 130, who hasremai-

ned hypercalcaemic for two years following the neck exploration, 

but without developing any signs of malignant disease. Finally, 

three patients fulfilling the diagnostic criterion of' hyper

parathyroidism have rema.ined unexplored (case 98, 102 and 118). 

The final clinical diagnosis arrived at in all of the 107 

patients appear from Table 1. 

Seventy-eight patients from Rigshospitalet and Gentofte hospi-

tal llere studied retrosJlectivel;y supplying the data from vlhich 
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the HDI was created in Nov. 1972, while the remaining 29. 

patien~8 were studied in Gentofte hospital with the purpose 

of evaluating the HDI in 8, lLrosJ2.ective series. 

Retrospective cases (n = 78) 
~=-""' .... " - ... ~-="'" .. ..... ......... ~-

Ri&~l~os.pttal ~ri}":l?. Thirty-eight of the hyperparathyroid 

patients (Nos. 1-86), including those with coexistent sarco-· 

idosis, and 12 of the non-parathyroid patients (Nos. 137-15J .. 

and 156-162) have been presented previously, and additional 

information on the outcome of cortisone tests, biopsies, and 

so on is available from these publications (&2a~~um et a1. 1967; 

Tr~msb01 & HalveI' 1967; Hornum et a1. 1968; ,Transb01 et ~e 

1968; Lund et a1. 1970; Transb01 et a1. 1970b; .Tr.§,nsb01 8t al., 

1970c, HornQm & Transb01 1973). The data used for Nos. 140 and 

161 derive from previously unpublished balance studies~ 

~entofte hos~ital series of 28 patients included 22 with h~~

Eara~~xroidi~ (Nos. 88-109), one with bronchogenic carcinoma 

without roentgenographic evidence of bone metastases (No. 134) 

and five with non-parathyroid hypercalcaemia (Nos~ 152-154 and 
,. 

164-165). By displaying a transitory normalization of serum 

calcium following resection of ~he neoplasm-patient Nos 134 

fulfilled the second criterion of Lafferty (1966) for the dia.-

gnosis of .Eseuo.ohy;perparath;y:roidism. Furthermore, on cortisone 

acetate, 50 mg t.i.d. for 11 days, his serum calcium decreased 

just modestly from 12.9 to 11.8 rug/IOO mI. Among the non-para-

thyroid patients Nos. 152 and 154 had the diagnosis of ~arco~ 

idosis confirmed by biopsy and responded to cortisone acetate, 

50 mg t.i.d. for 10 days, with rapid normalization of serum 

calcium. The 3rd sarcoid patient (No. 153) had pulmonary in-
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fil trates and. hila1' lymph node enlargements which dlsgppeared. 

spontaneously along Hith the hypercalcaemia. Finally, the dia

gnosis of ~lomatosis was confirmed by bone marrou aspiration 

in Nos. 164 - 165. Their hypercalcaemia vanished in response 

to prednisone and cytotoxic drugs6 

This Gentofte~~os~ital ser~es comprised 20 cases of hyperpara

thyroidism, three cases' of coexisting hyperparathyroidism and. 

hyperthyroidism (Nos. 130-132) and six cases of non~parathyroid 

hypercalcaemia, including h,O "lith hyperthyroidism (Nos. 135-

136), one vIi th sarcoidosis (Noe 155) and three patients \vi th 

carcinoma of the breast metastatic to bone (Nos. 166-168). 

Two patients with coexisting hyperparathyroidism and h;yper

thyroidism did not turn up for ca1ciummetabo1ic study until 

their hypercalcaemia had proved resistant to adequate treat

ment of their hyperthyroidism (Nos. 131-132), while the third 

patient was studied before any treatment (No. 130a) and during 

adequate medical control of hyperthyroidism (No. 130b). In 

ttvo further patients \vi th hyperthyroidism (Nos. 135-136) 

medical treatment led to a lasting normalization of serum cal·· 

cium and thyroid function. Later, along with a subtotal thyroid

ectomy carried out in No. 136, t .... l0 normal sized parathyroid 

glands of normal. histologic appearance were exposed. Although 

not confirmed histologically the diagnosis of patient No. 155 

was that of chronic sarcoidosis of 10 years duration. Initially, 

he had displayed non-tuberculous miliary pulmonary infiltrations 

and hilar lymph node enlargements ,vi thin the first year joined 
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by a relapsing and prednisone-sensitive hypercalcaemia causing 

renal (biopsy) and ocular metastatic calcifications. After 5 

years the pulmonary cha..'1ges regressed completely leaving the 

hypercalcaemia as the sole manifestation, probably accentuated 

by habitual drinking of 2-3 li-Gres of milk daily (!). By stop

ping this habit and taking prednisone, 10 fig t~iod. for 19 

days, his hypercalcaemia disappeared completely. Finally, one 

of the patients having carcinoma. of the brea8t...E!.e_t?~~~8;;ti,c t2. 

bone possibly a1so_ had hyperparathyroidism (No. 166). At least, 

she had a history of renal stone disease and peptic ulcer and 

had been given a diagnosis of h;},})erparathyroidism in another 

hospital one year prior to the actual study. 

Healthy volunteers 

Data on 26 heal thy volunteers stud_ied on a similar diet regi

men were included for the evaluation of possible seasonal 

variations in HDI, .since such variations might be detected 

more readily in individuals without endocrine or target organ 

diseases. This series comprised 17 males (21-29 years, average 

24 years) and nine females (20-54 years, average 34 years) of 

"Thom 12 (five females) were studied from May through September 

and the remaining 14 from October through April. 

METHODS 

All subjects were studied for at least four, usually five days 

on a standard diet containing approximately 800 mg calcium, 
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900-1100 rrtg phosphorus and 60~140 mEg sodimn per day, and. 

1 gram of protein/Kg body \veight per day •. Day 3-6 "Jere used 

for (laily b100ct sampling and day 3~5 or 4-5 for 24·-hour urine 

collections. 

The effeet 0Lhi8:h.,.£~~ wa..s studied in 6· hyperpara

thyroid. patients (Nos. 81a-86a) by the adding of 1500 mg of 

calcium (as 1 Calcium Sandoz effervescent tablet t. i. d .• ) to 

the diet for 2-4 days in continuation of the initial study 

(Nos. 8lb=86b). Another 10 hyperparathyroid patients (Nos. 

96a-l05a.) had their diet period. extended for further 5 days 

during which bendroflumethiazide was administered in a daily 

dose of 10 mg. The EDI was reestimated during the last 3 days 

for the evaluation of the effect of thiazide diuretics (Nos. 

96b-l05b). 

In order to assess the effect 0.1 large urine ~osses. upon HDI 

one 24-hour urine ,ms collected fractionally in 12 patients 

from the retrospective group (7 a.m. - 23 p.m. - 7 a.m.) and 

in 22 patients from the prospective group (9 a.m. - 9 p.m. ~ 

9 a.m.). Then we calculated the 1124-hour" EDI on the basis of 

t~~ 24-hour urine sample and each of its fractions separately y 

thus permitting an estimate of the percentage change in EDI 

which would have occurred if 8-; 12- and l6-hour urine speci

mens had been lost. 

Finally, the possible dependence of EDI on sex and ag2. vIas 

assessed in the total series of 78 patients with uncomplicated 

hyperparathyroidism using the age of 50 years as the point of 

division. 
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Serum 1-laS analyzed for total calcium (TOCa), inorganic 

phospha te (p) and C1.'ea tinine (Or), and urine for calcium 

(UCa) , sodium (UNa) and Cr. The various methods used in 

individual patients appea:r' from Tal)le 2& In apparently 

normoc8,lcaemic patients the presence of h;y-percalcaemia, was 

ascertained by simultaneous determinations of serum ionized· 

or ul traf.il trable calcium (..TE2£lSb0l et a1. 1970a; ~ 

~~ al& 1973) or albumin-corrected TOGa (l~rgen~en et alG, 

unpublished) • 

RESULTS 

Creation and statistical evaluation of EDI 

In table 1 average values for TOCa, P, the 24-hour clearance 

of creatinine (CCr) and the 24-hour urinary excretions of cal~ 

cium (UCaV) and sodium (UNaV) from each patient are presented. 

In fig. 1 data for the retrospective cases on TOCa, P, CCr and 

UCaV from uncomplicated hyperparathyroidism (Nos. 1-109, ex

clusive 10 and 76) and non-parathyro~d hypercalcaemia (Nos. 

137-165) also appear. Despite comparable levels of TOGa pati

ents with non-parathyroid hypercalcaemia excrete more calcium 

than patients with hyperparathyroidism. This difference becomes 

much more impressive ,.,hen it is realized, that non-parathyroid 

patients exhibit values of CCr which are on the average nearly 

50% less than those found in hyperparathyroidism. Only three 

patients vIi th non-parathyroid hypercalcaemia had UCaV below 

300 mg/24 h, namely those with clearances of 4, 10 and 19 mIl 
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min, v[hile this occurred in about 5070 of the hyperparathyroid 

patients. Similarly, there is an obvious inter-group diffe

rence "idth respect to the average serum P concentrations. 

Fig. 2 shows how by combining these parameters presented in 

Fig. 1 the d.ifferentiation beh18en the groups becomes progres

sively improvedo First (Fig. 2(a» UCaV is related to the 

glomerular function of the individual by its expression per 

a standard CCr of 100 ml/min~ Se2ond1x, i'1e include TOCa in the 

denominator in order to make this to represent a rough measure 

of the filtered load of calcium (Fig. 2(b). Finally, EDI = 

(UCaV (mg/24 h) x 100 x P (rug/IOO ml»/(TOCa (mg/IOO ml) x 

CCr (ml/min» is completed by the inclusion of the serum 

phosphate concentration in the numerator, resulting in a near

ly complete distinction between the groups (Fig. 2(c». 

In order to assess the properties of EDI statistically and 

to discuss the possibility of even better discriminators, a 

multivariate T2-test (Anderson 1958) was performed. By trans

forming the four parameters to their logarithms, the markedly 

skewed distributions are converted into reasonably symmetrical 

d~stributions and the EDI corresponds to a linear function of 

the variables: log EDI = log UCaV + log 100 + log P - log TOCa 

- log CCr. Considering these variables as samples from t .. ro 

four-dimensional normal distributions, we first test for 

equality of covariance matrices, obtaining for the likelihood 

ratio test (Anderson 1958): ~2 = 31.2, d.f. = 10, P ( 0.001. 

The covariances must thus be assumed different. Since, however, 

the follo\ving statistical tests all give very clear anSivers, 
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2 
i-lB shall use the usual T -test as an approxima ti on even if it 

presumes identical covariances. :But in the further use of the 

reBul ts the t""o populations are thought of as having different 

variances. The T2-test for equality of the hlO populations 

means naturally ~ejects (F = 36e2, d.f. =. (4f70), p ( 0.0005). 

The discriminant function has the foll01"ing coefficients: 

log TOCa: 37.0, log UCaV: -17.0, log CCr: 17.7 and log P: 

-16'.8. It is seen that these coefficients, apart from a mul-

tiplicative constant, are very nearly -2, 1, -1 /3,nd 1, which 

invites the use of the index HDI =: (UCaV' x 100 x P)/(TOCa2 
m 

x CCr) (fig. 2(d». This index has the feature of being dimen-

sionle8s and is the product of the dimensionless quantities 

(UCaY x 100)/(TOCa x CCr) (or «UCaY x 100)/CCr) x l/TOCa) 

and the ratio P/TOCa. The physiological meaning of these 

quanti ties is understandable from Fig. 3. Part .A of this figw:e 

demonstrates firstly, that UCaV corrected to a standard CCr 

«UCaV x 100)/CCr) increases as TOCa increases in hyperpara-

thyroidism, and secondly, that patients vIi th non-parathyroid 

hypercalcaemia excrete more (reabsorb less) calcium per stand~ 

ard CCr than patients with hyperpg,rathyroidism at a given level 

of TOCa. Since the severit.y of hyper~arathyroi.dism is roughly 

correlated to the degree of hypercalcaemia it is also under-

standable, that serum P turns out to be inversely corre1ated 

to TOCa (Fig. 3:B). It appears also from this figure, that 

patients with non-parathyroid hypercalcaemia tends to have 

higher levels of P than hyperparathYI'oid patients at a given 

level of serum calcium. 

The discri.minatory power of any given one-dimensional discri-
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minant function as opposed. to the "optimal II c.iscriminant 

function EDI (i'7hich under the assumption of equal covariance m 

matrices is equivalent to using all four variables) may be 

statistically tested, see Baa (1965) c For EDI we get F = 1.12, 

d.f. = 0,70) anet p ;. 0.3, so that it may be safely a,ssumed, 

that the original, index, EDT, also discriminates optimally, 

see also Fig. 2(c) and (d). Even 'though the optimal discri-

minani; function EDI does seem to have a valid physiological 
In 

interpretation, as explained above, we shall in the fol10'ItJing 

analysis mostly discuss ,EDT. Further we have tested 1-lhether 

omission of the serum phosphate concentration from' EDT will 

affect; the discrimination. Comparison of the index UCaV/ 

(TOCa x CCr) i-lith IIDT yields F = 5.85, d.f. == (3,70) and 
In 

0.001 <.. p <. o. 005. By the analysis above liDI and HDIm are seen 

to be equivalent, so we conclude that exclusion of the serum 

phosphate concentration from the EDI reduces the discrimina~ 

tory power significantly. 

Fig. 4 sho,\>1s the observed a.nd fitted logarithmically normal 

distributions of EDI, while fig. 5 presents the cvnulative 

, distribution of EDI plotted on probability paper for the same 

two groups. of retrospective cases~ Since the variances of log 

EDI differ significantly (F = 2.52, d.f. = (16, 57), p = 0.01) 

as might be expected from the results above, the slopes of the 

two theoretical lines differ. From fig. 5 it also emerges how 

the results may 'be used: The discrimination point where the 

, same frequency (92. 7~~) of each population would be correctly 

classified according to the fitted d.istributions is at HDI ::= 144. 
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One might proceed Llsing a two-step procedure, for example: 

95% of the non-parathyroid population have HDI values above 

107 and 95% of the hyperparathyroid population have values 

below 1730 This approach leaves the patients having HD!' s 

outside 105~173 as readily classified '(Jhile the remaining have 

to be evaluated more carefully. Of course other frequencies 

·than 95% may be used and can be directly read off from fig. 5. 

In practice, hOvlever, the IfDI range demanding a more careful 

evaluation coulet be restricted to values slightly above the 

discrimination point (cf. Table 3). 

piscriplination of2etrospective cases 

Division of the series at EDI = 14,& separated all of the non-

parathyroid patients (n = 17) from 58 (97%) of the patients 

having either hyperparathyroidism, hyperparathyroidism associa-

ted with calciltm-inactive sarcoidosis (Nos. lOa and b) or 

pseudohyperparathyroidism •. Just fou.r (5%) of the retrospecti.ve 

cases, including two cases of hyperparathyroidism (Nos. 90 and 

93), one of hyperparathyroidism associated with calcium-active 

sarcoidosis (Nos. 76a ~nd b) and one of vitamin D intoxication 

(No. 140), did fall in the equivocal range of 144-173. 

Discrimination of prospective cases 

We first remark that the distribu.tion of HDI for the 29 pro-

spective cases ,,,as very much alike to that for the retrospec-

"tive cases and accordingly we obtained very similar discrimi-

nation results. Eighteen of 20 cases of uncomplicated hyper-

parathyroidism (90i) gave values below the lines of discrimi-
". 

nation, ,<,hile values above these limits vlere found in five 

out of six cases of non-parathyroid hypercalcaemia (fig .. 6)" 
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TIJ/'O unquestionable diagnostic failures \1ere noticed.: an HDI 

of 191 in a case of uncomplicated hyperparathyroidism (No. 

122) and a value of 76 in a young boy suffering from Graves' 

disease (No. 136). The t'YlO patients with hyperparathyroidism 

associated wi ih ad'eCluately treated hyperthyroidism gave one, 

value below 144 and one in the Cluestionable range. Finally, 

the high value of 312 noticed in a patient "l'li th untreated 

hyperthyroidism coexisting with hyperparathyroidism (No~ 

130a) was turned into a typical h;yrperparp,thyroid value of just 

85 following adequate treatment of the former condition (No. 

130b) • 

Discrimination of the com£le..te series 

For the complete series the optimal HDI and BDIm discrimina

tion points are 136 and 11.8, respectively. These are the 

points at which the ~ frequencies, 89.6% and 90. 3~0, respec-

tively, of each population were correctly classified. The 

detailed information concerning the distribution of the HDI 

values is presented in Table 3~ 

DeEen2ence on non-homeostatic factors 

Hyyerpal,;'~athyroicl females above the ~tge of fifty had signifi-

cantly higher RJH values than younger females, but did not 

differ from the male groups (Table 4). 

Seasonal vB,ria.tions in hl)I were observed in the ,hEal thy yol un-

t h m 'b" d M S t b max,4mum of 8o~ + 24· (n eers, w_o e- l,l~e a ay- ep emer ~ = 

12) a.gainst an October-April minimum of 67 :!: 20 (n :::: 14, t = 

2.148, P < 0.0,5 (Student 1st-test)). The corresponding averages 
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of patients with uncomplicated hyperparathyroidism, 94 :!:: 35 

(n - 28) and 84 :!.: 31 (n = 50), did not differ significantly 

(t == 1.391~ P} 0.10)~ 

The adding of 1.500 IDeL9f calcium t?... the standard diet, led to 

an increase· in EDI in 5 of the 6 patients "(HoSe BIb -, 86b)'; 

In ti'lO patients RDI changed, frOID hyperparathyroid to apparently 

non-parathyroid values (1.33 to 185 and 107 to 190), illhile the 

average EDI increased from 102 to 138 (Table 5). !endrof1ume

jiE..i&azid~, on the other hand, reduced EDI dras'Gically in hyper

parathyroidism (Nos. 96b - i05b; Table 5)~ 

The average changes in IIDI caused by "losing" 8-hour (11 p.m .. 

to 7 a.m.), 12-hour (9 p.m. to 9 a.m.), 12-hour (9 aem. to 9 

p.m.) and 16-hour ('1 a.m. to 11 p~m.) urine sampl§:.§. from the 

calculation of "24-hour" EDI were the fo110,\-;ing: 5.8 :t 5.2%, 

9. 8 ± 5.9%, 10.4 ! 6.7% and 14.1 ± 13.6% (mean :t S.D.), respec~ 

tively. Thus, the loss of one third of the 24-hour urine does 

not cause any appreciable change in the HDI. Just in bro out 

of the 34 patients included in these calculations did one of 

the urinary "1osses"referred to above cause the EDI to change 

from below to above 144 or vice versa~ 

DISCUSSION 

First of all, before going on to discuss the pros and cons 

of the present method of discrimination, we should consider 

the physiologic background of EDI including the mechanisms 

through ''''hieh homeostatic and non-homeostatic factors may in-

fluence the EDI. 
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Physiologic background of liD I. 

¥_~~eosta.ti~ fact~z~. Secretion of PTE in excess of normal 

feed-back demands increases serum calcium trough enhancements 

of the tubular reabsorption and intestinal absorption of ca1-

cium, and of bone resorption. Simultaneously PTE drcreases 

phosphate and bicarbonate reabsor.ption thus facilitating the 

rise in serum ionized caloium~ If we imagine that the only 

effect of PTE vIas to increase the tubular reabsorption of oal-

cium one "lould expect ail initial and transitory decrease in 

urinary calcium excretion causing the filteres load of ca1-

cium to increase until a new steady state became established 

characterized by a higher filtered load of calcium and a normal 

urinary calcium excretion. In intact man, however, the contri-

butions from bone and gut actions cause the filtered load of 

calcium to rise in excess of ,,,,hat is dete,rmined by the renal 

tubular actio,n of PTE. Therefore urinary calcium increases, 

although rather modestly, in hyperparathyroidism. Since the 

fractional reabsorption of calcium 1 TRCa%, i.e. the reabsorp-

tion expressed as a percentage of the filteres load, decreases 

as the filtered load increases (Kleeman et a1. 1961), the first 

part of the liDI (UCaV x 100)/(TOCa x CCr) is expected to rise 

in hypercalcaemic conditions, although less in hyperparathyroid-

ism than in hypercalcaemic states characterized by suppression 

of PTH secretion. On the other hand, the lowering effect of 

PTE on serum pho'sphate, the second part of EDI, counteracts 

the rise herein, and, as a matter of fact, liDI in uncomplica

ted hyperparathyroidism averages 87 : 33 (n = 78), which is not 

+ significantly different from that of healthy volaDteers: 76 

22 (n = 26, t = 1.589, P) 0.10):' 
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Non-h2I£,80static factorf?. Huch. of the scattering of the ron 

values around the mean in hyperparathyroidism may be caused 

by variation in target organ sensi tivi ty to PTH~ !F~in€r.~ 

.i.~e calcium intake ~ for instance, makes HDI to rise consider

ably iri some, but little in others, probably reflecting vary

ing intestinal responses to PTE. In line herewith patients 

kno,m to have or to have he.d .:eancrea..ti tis, or to have ste

atorrhea, (Nos. 20, 57, 65, 73, 75 and 124) in general have 

rather 10vl V8.lues of ED!. An increased sensi tivi ty of bone 

to PTH secondary to lack of estrogens (Gallagher &; ~ 

1972) ma.y explain the higher EDI values observed in post

menopausal females with hyperparathyroidism. One would expect 

immobilization and osteolytic met~astases to exert a similar 

action. Al though alterations in EDI secondary to v~.E..iatLons 

in urinary sodium excretion are undetectable in the present 

set-up such variations may be extremely significant in uraemic 

patients with non-parathyroid hypercalcaemia (Tr.smsb0l et aTe 

1970b). 

Finally, factors such as seasonal variations in urinary calcium 

excretion (Robertson et· a1. 1974; Transb01 et a1. 1975) and 

bendroflumethiazide (J0rge~sen & Transb01 1973), which decreases 

the urinary excretion of calcium, change the HDI in accordance 

with the effect on UCaV. For these obvious reasons, determina

tions of EDI have to be carried out in patients being ambula

tory and taking g diet containing standard amounts of calciu~, 

.phosphate and sodium. They should not be under treatment with 

diuretics, estrogens or other drugs kno\-lll to a..ffect calcium 

metabolism. 
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Discriminatory power of FillI -
vii th but very fevi exceptions (~ 1971; Massr;z:. & Coburn 1973; 

Parfi tt 197 4; ~ 1974) revievlS dealing ,vi th the differentlal 

diagnosis of hypercalcaemia state, that determinations of the 

24-hour urinary calcium excretion is of little or no diagnostic 

help. However, by relating this excretion to the product of 

serum total calcium and the 24-hour clearance of creatinine 

as a very rough approximation to the filtered load of calcium 

this expression gains a considerable discriminatory pO'·Jer. The 

discrimination is further improved by the inclusion of sex'urn 

phosphate (fig. 2 (a-d)). 

According to the fitted distributions derived from the com-

plete series (not shown) liDI = 137 represents the point at 

v1hich 89.6% of both populations vlould be correctly classified. 

In practice, where ''Ie also meet a few cases of apparent or true 

dual causes of hypercalcaemia (see belovl), this point turned 

out to discriminate correctly 100 (9305%) of the total 107 

patients (Table 3). It adds to the applicability of the EDIt 

that this degree of discrimination was obtained despite the 

use of a variety of routine and research methods (Table 2) 

in two different hospitals over a period of,IO years. 

EDI values belo,v 137 were noticed in a total of 77 patients of 

whom 76 (98.7%) 'vere correctly classified, whiie 30 patients 

had values at or above 137. This group was heterogenous, 

comprising six cases of hyperparathyroidism, two cases of 

this condition associated with calciummetabolic active sar-

aoidosis or hyperthyroidism and 22 cases of non-parathyroid 
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hypercalcaemia. Since it is important therapeutically to get 

the true dual-cause hypercalcaemias separated from the cases of 

uncomplicated hyperparathyroidism, we will consider 24 patients 

(80. 0%) of the high-IDn group as correctly identified. From a 

practical point ~f view these :r::esults imply, that values of 

TIDI belo"l 137 almost certainly indicate the presence of hyper

parathyroidism or pseudohyperparathyroidism, while values at 

or a~b2.ve this limit. necessitate a careful search for other 

causes of hypercalcaemia (Table 3). 

Hyperparathyroidism and pseudohyperparathyroidism. Out of a 

total of 81 patients with uncomplicated hyperpar~1Pyroidism, 

including three cases of apparent dual-cause hypercalcaemia 

(see below), 75 patients (92.6%) had values of HDI below: .Ul. 

The patient with pseudohxperparathyroidism also had his HDI 

in this range. The data available in the literature from 

studies in similar patients do not permit the calculation of 

HDI, but a disproportionately low urinary calcium excretion 

has been reported in some cases of pseudohyperparathyroidism 

associated with certain unspecified malignancies (Nordin & 

Peacock 1969) and with bronchogenic (Lafferty & Pearson 1963; 

Gault & Kinsella 1965; Stricklandet ale 1967), renal (Case 

rec. l·1GH 1961; Goldberg et a1. 1964), pancreatic (Transb01 

et al. 1970c) and ovarian carcinomas (Beck-Nielsen et al. 

1975). Systematic studies, hOvlever, have not been undertaken. 

Dual-cause hypercalcaemia. In five patients sarcoidosis 

(Nos. 10 and 76) or hyperthyroidism (Nos. 130-132) was asso

ciated vlith hyperparathyroidism. In three patients, hOliever, 

their non-parathyroid component vTaS considered inactive at 
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the time of study, hence their inc1usi on in the preced.ing 

section. The remaining patients (Nos. 76a.and 130a) had TIDI 

values of 157 and 312 which decreased to hyperparathyroid va

lues of 61 and 85, respectively, during therapeutic inacti

vation of the non":,,parathyroid ce)mponent ot: their hypercalcaemia 

(Nose 76b and 130b)e The observations in these patients, 

together i-li th the resu1 ts of the high calcium intake experi

ments (Table 5), demonst~ate that an increase in the inteshnal 

absorption of calcium a.nd/or in bone resorption in excess of 

that determined by the actual h;y·perparathyroidism cause the 

HDI to rise. Since it is important primarily to detect ano. to 

treat the non-parathyroid component in order to improve the 

condition of the patient ahead of parathyroidectomy and to 

facilitate the evaluation of the outcome of this operation, 

we consider HDI values above 136 as very appropriate findings 

in true dual-cause hypercalcaemia. 

Non-parathYJZ£i~ hypercalcaemia. HDI values above 136 vlere 

found in 22 (95.7'7'0) of the 23 patients comprising this rather 

heterogenous group (Table 3). For the purpose of further dis

cussion we have to divide this group ~nto non-malignant and 

malignant conditions. The non-malignant grouE consisted of 

16 patients including the single but very evident failure 

observed in a 16-year old boy having a typical and severe 

Graves' disease and an HDI of just 76. He "Jas suspected of 

having hyperparathyroidism as "l'lell, but his albumin-corrected 

serum calcium returned to normal during propylthiouracil treat

ment and remained so follo·lV·ing subtotal thyroidectomy. Explo-
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ration of the parathyroids during this operation ,vas negative, 

although incomplete. This hyperparathyroid value of RDI is 

very hard to explain unless ';fe imagine grstly, that young 

bones are less sensitive to the bone-resorbing action of 

thyroid hormones (the normocalciuria), and secondly, that the 

hypersensi tivi ty to catacho1amines, '\,vhich may be a feature of 

severe hyperthyroidism, have caused parathyroid stimulation 

(the hypercalcaemia). There are clinical as vlell as experimen

tal evidence for catacholamine-induced parathyroid stimulation 

(S,-rinton et al. 1972; Kukre,ja et £. 1973; Fischer et al. 1973). 

The observations of Andersen & Mosekilde (1972) of hyperpara

thyroid TRCa% values in t'>10 adult males "Ii th hypercalcaemic 

hyperthyroidism and one patient ,yi th phaeochromocytoma, in all 

of whom a lasting normalization of serum calcium occurred post

operatively (Mosekilde, personal communication), are on line 

with the findings mentioned above. On the other hand, our 

findings of high HDI values in the other two cases of hyper

thyroidism are in accordance with the depressed values of 

iPTH usually found in this condition (Buckle et ale 1969; 

Bouillon & De Moor 1974). At the present time the divergence 

of .. these results remain unclarified. 

Because of the recent claim of Benson et al. (1974), that 

virtually all hypercalcaemias of malignancy are true cases of 

pseudohyperparathyroidism, the malignant part of the non-para

thyroid group attracts special interest. Traditionally, patients 

"lith m;yelomatosis and cancer of the bre.<:st metastatic to bone 

are classified as being non-parathyroid because of A: their 

type of calcitunmetabolic disturbance, which certainly differs 

from that of hyperparathyroidism, and B: the early findings of 
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lOvl-normal to unmeasurable levels of iP'l'H in myelomatosis 

as well as in metastatic malignancies (Hawker et a1. 1970; 

Murray-~t ale 1972; Blair et a1. 1973; :f>1a,nderlie.r et a1. 1973). 

On returning to the first point we find the conditions to be 

characterized by 1. osteolytic lesions associated with 2. 

hypercalcaemia, 3. normal to low intestine,l absorption of 

calcium (~aszlo et al. 1952; Bentzel et 13,1. 1964) and 4. 

excessive hypercalciuria (gordan et 13,1.. 1962; .liord.in Be Peacock 

1969) in spite of 5. a rapidly developing and partially rever

sible renal insufficiency caused by precipitation of metastatic 

calcifications (Arends & Mandema 1958; Jessiman et a1. 1.963). 

Furthermore, 6. cortisone-sensitivity is a feature of both 

condi tions (Dent & \1atson 1968), from the pathologic lesions 

of which 7. osteolytic· factors other than PTH have been ex

tracted (Gordan et ale 1966; Mundy et ale 1974). Extraction 

of iPTH has been unsuccessful in myelomatosis and in all but 

one single case of breast cancer (Mavligit 1971). In our opi

nion, this evidence does not form a reasonable basis for in

criminating parathyroid hormone as a causative factor in the 

hypercalcaemia of myelomatosis or carcinoma of the breast. 

A J?ossible explanation to the often modestly raised levels of 

iPTH in these disorders (~~so~"et ale 1974) could be secondary, 

although not completely suppressible, hyperparathyroidism due 

to preexisting renal disease. Such a state of affairs is '-Tell 

kno,m in renal transplant recipients (David et al. 1973). 

Myelomatosis often causes renal insufficiency on its own, 

and in metastatic cancer of the breast previous bouts of hyper

calcaemia may have been followed by periods of normocalcaemia 
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and persisting renal insufficiency. Unfortunately, Benson 

et a1. (1974) did not relate the levels of iPTR to renal 

function in their patients. 

Our finding of RD.I values above. 136 in al~ of the seven 

malignancies is not inconsistent with a certain hypersecretion 

of PTR, but it certainly suggests, that this hypersecretion 

cannot be more than c,ontri~qtory to the hypercalcaemia. As in 

the dual-cause hypercalcaemias previously discussed, the fin

ding of EDI values ~bove 136 is most convenient, since it points 

towards the possible presence of a non-parathyroid disorder, 

which primarily deserves therapeutic attention. 

Some years 8~0, in a review on the diagnosis of hyperparathy

roidism, . Raisz (1971) asked the question: "'Vlhat to dQ until 

the immunoassay comes", suggesting that this would offer a 

solution to all diagnostic problems. Today i1e knovl, that the 

immunoassay is not going to reach the end on its own. 'ihat we 

need is the combined information supplied by the immunoassay 

and by tests measuring effects of parathyroid hormone. 

Finally, somebody may ask why ive have to use these tests at all, 

since we have to consider the possibility of malignant disease 

regardless of their outcome. The answer is simple. The group 

of malignancies causing pseudohyperparathyroidism demands one 

set of investigations, while another set has to be used in the 

search for a non-parathyroid cause of hypercalcaemia. In the 

case of suspected pseudohyperparathyroidism vie primarily have 

to look for carcinomas of the lung, kidney, liver, gall bladder, 

pancreas, gastrointestinal and female genital tract, vlhile in 
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.!lop::.parat.h;[~d hY12.ercalc8,errlia vie have to evaluate the possi= 

bl1i ty of the milk-alkali syndrome, vitamin A and D intoxica-' 

ilion and immobilization by history and to direct the a tt:ention 

to,\<J8,rds the possible presence of carcinoma of the breast~ 

osteolytic metastases,myelomatosis~ leuc~emia, malignant 

l;ymphomas, sarcoidosis, collagen diseases, hyperthyroidism 

and Addison I s disease. An radiogr8,phic ano. scintigraphic sur

iTey of the skeleton combined with bone marro"\v aspira ti on and 

a biopsy program (lymph node, liver, kidney, skin, muscle) 

,1.8 essential in non-parathyroid hypercalcaemia as exemplified 

in previous reports (Lund et a1.' 1970; Jransb01 et aL 1970b; 

Transb01 et a1. 1970c). Thus, the most direct way to the dia

gnosis depends on the combination of endocrine methods to deter

mine the,course of action, followed by one of two different 

sets of clinical and. paraclinical methods. 
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LEGE11)S TO FIGURES 

Fig. Ie Values for serUm total calcium (TOGa), 24-hour urinary 

calcium excretion (UCaV), 24-hour clearance of creatinine (CCr) 

and serum phosphate (p) in the retrospective series comprising 

58 patients with hyperparathyroidism (EPT) and 17 patients with 

non-parathyroid hypercalcaemia (NON-PTE),. 

~. The creation step-by-step of the hypercalcaemia discri

mination index (EDI) (c) from the basal parameters presented in 

Fig. 1. liDI (d) represents the index suggested by the multiva-• m 

riate analysis (see text). liDI as well as EDI yields a nearly . m 

complete distinction between hyperparathyroidism (EFT, n = 58) 

and non-parathyroid hypercalcaemia (NON-PTE, n = 17). 

Fig. 3. (A) The relation of clearance-corrected urina~J calcium 

excretion (UCaV x 100/CCr) to serum totalcalcium (TOCa) in hyper

parathyroidism (n = 58 Co» and non-parath;,{roid hypercalcaemia 

(n == i 7 (x». For hyperparath;y"roid data only: UCaV x 100/CCr == 

78.4 x TOCa - 572, r = 0.73, the regression coefficient being 

significantly different from zero (t = 8.09, p4 0.001). 

(E) The relation of serum phosphate (p) to TOCa in the S8~e groups 

of patients. For hyperparathyroid data only: P = -0.146 x TOCa + 

4.632, r = 0.45, the regression coefficient also differing signi-

ficantly from zero (t = 3.75, p <0.001). 

Thus, for ~_given level of TOCa patients with non-parathyroid 

hypercalcaemia excrete more calcium and tend to have higher levels 

of serum phosphate than hyperparathyroid patients$ 
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rig. 4~ Observed and fitted logarithmically normal distributions 

of EDI for the retrospecti va eases of h;yperparathyroldism (EPT, 

. n = 58) and non-parathyroid hypercalcaemia (NON-PTE, n = 17). 

Fi~6 5. Use of the estimated distributions of HDI to the deter~ 

ruination of discrimination points. At ED! = 144 the same frequency 

(92.7%) of each population would be correctly classified accor

ding to the fitted distributions. More than 99% and 95% of the 

hyperparathyroid patients is expected to have EDI-values below 

the respective figures of 205 and 155, while more than 99% and 

95% of the non-parathyroid patient~have values above 81 and 126, 

respectively (see text). 

Fig. ~. Determinations of HDI and EDI in a prosuective series 
TIl 

of hypercalcaemic patients including 20 patients with a final 

diagnosis of hyperparathyroidism (liPT) and 6 patients with non

parathyroid hypercalcaemia (NON-PTE). 
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Table 1. Information 0.11 sex, age, month of study-, 

12.....,.,arathyroid ~ology and the basal parameters used, 

in the calculation of HDI in 107 hypercalcaemic 

patients. 

r 

( Transb01, J0rgensen', Hornum & Keiding: Hypercalcaemia 
discrimination index: •••• ) 
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c _________________ --'-___________ , ___ _ I 

'4 

Pat" 
Noo 

Ini- Sex Age Month 
tials of 

study 

Serum 

TOCa P 

Urine 

CCr UCaV 
ml1 mg/' 
min 24 h 

RETROSPECTIVE SERIES . 

~yperparathyroidism (n=58) 

1 AHJ F 48 9 17,,2 2 .. 6 43 366 
15 KJ M 55 2 1104 3 .. 3 100 366 
18 JAN M 24 8 11.2 2c8 89 160 
20 NKC F 62 11 11.0 2.9 83 163 
26 PVN M 43 5 10 .. 6 208 129 285 
27 ALE F 55 12 lQ.3 4 .. 3 40 42 
33 CWJ M 51 8 15.0 3.1 38 149 
37 EME F 47 10 1408 109 98 487 
38 AHO M 52 1 14.2 202 79 474 
39 EJP F 41 12 14.8 2.1 74 307 
40 GL F 55 4 1400 205 79 408 
47 JM M 29 8 11.6 208 15.2 512 
51 ERA F 44 1]" 11.8 2.4 124 417 
52 EAM F 48 3 11.4 2.8 177 417 
57 ECWJ M 47 9 11.3 206 74 66 
64 EAMJ F 47 8 11 .. 1 209 101 298 
65 PS M 59 9 12.0 2.4 . 106 311 
66 KOS M 50 9 1205 2.2 96 295 
67 KAEJ F 63 9 10.,8 4.0 20 36 
68 NVifL F 67 10 1405 203 39 193 
69 BL-M M 46 10 1104 303 106 309 
70 HST F 38 10 1106 3.0 91 303 
71 PJMSK F 64 11 1100 3.1 72 297 
72 CMF. F 57 1 1201 208 101 362 
73 BA F 18 2 1009 3.5 109 105 
74 JAB M 48 2 1107 2.9 98 213 
75 HHA M 50 3 1101 206 116 17,2 
77 ECMH F 48 11 10.9 300 65 104 
78 KAM F 55 11 11.0 302 73 342 
79 THS M 30 10 1008 4.5 87 199 
81a CMN F 59 4 1201 207 69 214 
- b 12.1 207 71 382 
82a KMH F 54 4 11.2 209 79 334 
- b 11.7 208 85 361 
83a EOA F 65 5 13.5 3.2 23 129 
- b 1308 207 19 180 
84a RMH F 30 5 1200 206 88 263 
- b - 12.0 2.8 78 313 
85a OHWH M 42 5 1007 2,,9 93 368 
- b 1007 2 .. 9 85 595 
86a 11.ML F 54 5 11.1 3 .. 2 96 427 
- b 11.0 2.9 86 440 
88 AMLP F 51 11 12.4 204 66 187 
89 AP F 74 3 10 .. 8 3.4 34 139 
90 HGS M 21 6 16.7 2.8 65 585 
91 FTP M 61 6 11.3 2.5 90 448 

UNaV 
mEg) 
24 11 

45 

74 
61 
90 
31 
57 
79 
54 
74 
62 

68 
56 

47 
67 
66 
77 
60 
39 
53 
66 
67 

108 
56 
37 
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30 
54 
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56 
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50 
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82 

103 
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45 
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(Table 1, p$ 2) 

92 LH JYl 17 1 12 .. 0 3 .. 5 121 588 68 142 1 A 
93 HEJ ,F 70 2 l2~5 2 .. 9 95, 598 115 146 2 A , 
94 AlVIJ- F 44 3 11.,7 2.8 112 424 129 101 1 A 
95 HIVI])P F 66 10 11 .. 3 2,,8 43 195 60 112 1 A 
96a AJW~R II[ 54 1 11 .. 2 2.,7 86 336 62 94 1 A 
- b 12eO 2 .. 9 77 192 46 60 
97a AL11 F 74 1 12~0 2 .. 7 58 236 95 92 1 A 
- b 12 .. 7 3,,1 56 100 60 4-4 .:. 

98a. ABJ3 II[ 80 2 1101 3 .. 1 29 78 62 75 NO 
- b 11 .. 1 3 .. 0 32 62 81 52 
9'9a NHSf II[ 58 2 10 .. 5 3 .. 5 51 76 51 50 2 N 
- b 10.,6 3 .. 3 38 42 61 34 

lOOa BPM 11 49 2 12c1 2,,6 110 498 67 97 2 N 
- b - 12 .. 9 2 .. 9 132 248 61 42 

lOla HGL 11 52 3 10,,7 3 .. 0 103 286 105 78" 1 A 
- b 1104 3 .. 4 100 108 102 32 

l02a CMSR II[ 52 3 10.,4' 2 .. 5 110 290 95 b9 NO 
- b 10 .. 5 3.2 121 170 116 43 

103a Dv'LM F 69 4 11,,5 300 110 452 82 107 ' >1 II 
- b 11,,9 3.2 86 170 90 53 

104a BEF l!' 39 5 11,,8 2 .. 6 33 138 72 92 1 A 
- b 12.3 3.5 33 36 93' 31 

105a' AMH F 24 6 1102 3 .. 4- 97 338 60 lOb 1 A 
- b 11 .. 8 3.5 99 172 87 52 

106 LJRB F 55 8 11 .. 5 2 .. 9 76 294 98 9IT 1 A 
107 AIVlW F 61 8 1203 3.0 86 415 94 118 2 A 
108 EAO F 60 8 11,,6 2 .. 4 94 362 86 80 2 A 
109 EJM M 65 9 10 .. 6 301 94 286 101 89 2 A 

PseudohZEerparath~roidism 

134 JPEH M 51 3 13 .. 9 3.7 69 308 52 119 

Hyper~arathzroidism and sarcoidosis 

lOa MEJ F 67 3 12.9 2.8 73 290 86 '> 1 A 
- b 9 12.0 3.0 62 178 63 72 
76a BES F 23 4 12.5 2.7 49 356 72 157 3 H 
- b 10.5 2.6 72 176 61 

Non-~arath~roid hypercalcaemia (n=17) 
Vitamin D intoxication 

L37 PE0 M 45 8 11.6 402 23 361 568 
L38 EB F 51 12 11.3 3.0 37 388 75 276 
L40 EKT F 29 1 12 .. 1 3.0 54 319 61 146 

Sarcoidosis 
L43 EVK F 58 3 11.2 3.5 33 589 75 558 
-46 TFS M 26 8 10 .. 6 4.5 73 359 33 211 
-50 HEV M 60 11 11 .. 8 6.0 10 159 85 809 
-51 liB F 13 4 12.3 3 .. 2 37 590 89 415 
-52 EVil{ F 64 8 1205 4.5 18 353 76 706 
-53 FHH M 30 10 9.8 2.7 47 ' 321 85 188 
-54 CAL M 73 7 12 .. 9 3.3 19 232 62 313 

Collagen disease 
-56 E]\GKR F 56 1 11 .. 9 3 .. 6 "40 443 80 335 ' 

cont • ., • 0 
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( Table 11 p .. 3) 

15:7 SKI M 61 7 11 .. 0 4.6 81 5'96 88 308 
Idiopathic intestinal hyperabsorptionhyperca1caemia 

159 ROCN M 44 10 10 .. 6 3.8 116 616 55 190 
Malignant lymphomas 

161 ESH ·M 28 8 ·11.8 3 .. 7 44 614 53 437 
162 AFL M 62 1 14 .. 6 3 .. 1 51 471 67 196 

Myelomatosis 

164 EKC F 50 12 12,,7 4 .. 0 70 718 66 323 
165 OTK F 50 12 1303 6 Q 6 4 133 74 1850 

PROSPECTIVE SERIES 

If;Zl2erl2arath;zroidism (n=20) 

110 IJVJ F 57 12 10.5 3.8 125 173 91 50 1 A 
III JHKM F 61 12 10.9 303 92 287 101 94 1 A 
112 KS F 73 3 12.2 2.7 79 227 74 64 1 A 
113 EMC F 65 4 10 .. 6 2.2 97 179 119 38 1 A 
114 TNH F 41 4 11.5 2.5 139 491 75 77 1 A 
115 EKjJ F 53 4 11.3 2 .. 3 63 354 80 114 1 A 
116 ILBJ F 39 8 10.3 3 .. 7 94 281 95 107 1 A 
117 JA M 21 10 9.5 3 .. 6 118 255 104 82 1 A 
118 LJE F 30 12 10.7 3.4 127 296 62 74 NO 
119 HRJ M 58 2 10.6 2.4 67 95 118 32 1 A 
120 TELM M 58 2 10.6 3.3 99 370 165 116 4 H 
121 BH F 65 3 11.6 3.3 75 2541 72 96 1 A 
122 ACDIJ M 69 5 11.3 3.2 76 514 85 191 1 A 
123 HH M 33 5 10.3 3.6 78 244 129 102 1 A 
l24 HAGN F 67 6 11.3 2.9 103 408 116 102 1 A 
125 KRC· F 47 8 11.1 3.1 72 174 73 68 >1 A 
126 EKN F 70 9 11.0 3.4 69 264 42 118 1 A 
1.27 CPC F 79 10 12.1 2.8 52 2.01 73 89 1 A 
128 EKaJ F 46 11 10.7 3 .. 3 98 253 45 80 1 A 
L29 HTAA F 68 12 11.4 3.5 65 352 32 166 '>2 H 

Hyperparathyroidism and hyperthyroidism 

L30a ES F 62 1 11.5 6.0 11 066 90 312 OU 
- b 10 11.9 4.1 25 62 83 85 

L31 GTR F 51 11 11.1 3.0 76 441 120 157 1 A 
L32 LKMP F 52 1 11.2 3.0 99 303 92 82 1 A 

Non-Earathlroid h~l2ercalcaemia (n=6) 
Hyperthyroidism 

L35 OLG M 26 8 12.7 208 60 525 193 
c36 MFB M 16 12 10.7 5.3 151 233 146 76 2 N , 

Sarcoidosis 

-55 NPMN M 32 9 12.3 4.8 28 301 93 420 
Cancer of the breast metastatic to bone 

_66 EBA F 5:5: 9 11.3 3.5 61 36.7 28 186 

cont .... 0 
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16.0 6,,0 
11.4 5v3 

14 
45 

(Table 1, p .. 4) 

652 
450 

27 
25 

1746 
465 

i -------------------------------------------'-! 
Abbreviations: 

A = adenoma, H = hyperplasia, N = large but histologicall;z. normal glands, 

see section on NLATERIAL, OU = operation unsuccessful, NO = not operated 



Table 2 .. 

Analysis 

TOCa 

p 

Creatinine 

Urine Ca 

Urine Na 

Revie,,, of chemical methods used. in the individual patients. 

Literature Reference range 

(mean: 2 S.D.) 

Transb01 at al. 1970a 

Jordal, unpublished l 

J0rgensen et al. 1973 

J0rgensen et al~ unpublished 

Transb01 et al. 1968 

J0rgensen et al. 1973 

Transb01 et al. 1968 

J0rgensen &' Transb01 1973 

Bonsnes & Taussky 1945 

Transb01 et al. 1968 
1 

Jorda1, unpublished 

J0rgensen at al. 1973 

Transb01 et al .. 1968 

J0rgensen et a1. 1973 

9.2 - 10.6 

9.3 - 10.4 

8.7 - 10-3 

9.5 - 10.7 

2.5 - 4.6 

2.5 - 4.6 

Patients 

Case Nos. in Table 1. 

1-86, 137~151, 156-162 

88-95, 112-117, 130, 135, 152-154, 164-165 

96-111, 134 

118-129, 131-132, 155, 166-168 

1-86, 137-151, 156-162 

88-136, 152-155, 164-168 

1-86, 137-151, 156-162 

88-95, 112-117, 130, 135, 152-154, 164-165 

118-129, 131-132, 155, 166-168 

1-86, 137-151, 156-162 

88~95, 112-117, 130, 135, 152-154, 164-165 

96-111, 118-129, 131-132, 134, 155, 166-168 

1-86, 137-151, 156-162 

88-136, 152-155, 164-168 

1EDTA-titration using calcon-carbollic acid as indicator 

(Transb01, J0rgensen 1 Hornum & Keiding: Hypercalcaemia discrimination index: ••• ) 

W 
Ln 



Table 3. 

I 

Corresp?nden~e between the HDI-based classification and the final clinical 

Patients 

Final 

clinical 

diagnosis 

HPT \ - , 

diagnosis in 107 hypercalcaemic patients. 

Total 

No~ 

78 

Hypercalcaemia discrimination index 

99% range of HPT I':" /,:<;;:> 

~;>// 1 99% range of NON~PTH--' 
-_'_;._-:;.i~._::J ___ . --.' - -P:-:;C'~ .. 

95% range of HPT 1;:::5;~:: -
-:::7" -', J //:-,' .. :-,::"' / ~'i '. ,/~,' 

I.: .: ,-»></>//1 95% range of NON-PTH 
'~-.... -.. ~... '. ---..... -'~~---·-'-r c-' .. --:;.,:7-.~Y-~ .. - •. ~~------.-------89.6% range of HFT ~ -.~ .-;// - -v:--. -'7,~----y-.:.-;--~'" ~~--~.-- --, . --~:--- --'--~ 

// // .' ;/ / ,'/ / 89 6% ranO'e 
/// ~~_C'~---L-~~~~~' , ' I ~ • b 

of NON-FTH 

( 60 61-101 1102-136 137-;1591160-211 > 211 

18 35 20 3 2 

Correct 

diagnosis 

(89.6% limit) 

No. % 

73 93.6 

- Pseudo-liPT ~-

__ ~i-:~o~-P~1-=2~ ····-.. -~-~-··-~~_+I----~-·~-~2_-,+i--~-~-.• _1~~:13 \ 6 :: ~.~--~-+----,-----
1 1 

4 

22 95.7 
---- ~'-'~' --.. - -~ "- .. -

Total I 107 18 I 38 \ 21 6 8 16 100 93.5 
i_ 

lsa~coidoSiS or hyperthyroidism 

2NON-PTH condition judged to be calciummetabolic inactive, see text 
~ . 
~NON-PTH condition judged to be calciummetabolic active, see text 

(Tral:1Sb01 t J0rgensen, Bornum & Kei.ding: Hypercalcaemia discrimination index: ••• ) 

w 
0\ 



Table 4. 

- 37 -

Dependence of HDI (mean ~ S.D.) upon....!~x and age 

in hy-perparathyroidism Cn == lsJ. 

Years 

Age ( 50 ~ 50 

Females 77 :!:: 241 96 :!:: 321 

(n==18) Cn:.::31) 

Males 86 :t 37 81 ± 39 
(n=13) (n=16) 

1 . 
p <. 0.05 (Student's t-test) 

(Transb01, J0rgensen, Hornum & Keiding: Hypercalcaemia 

discrimination index: ••• ) 
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Table 5. lP.£fects o~._high calcium intake and of thiazide 

administration upon HDI in "hyperparath;z;:;:oidi sm. 

Change of regimen Number of EDI 
patients before during 

High calcium intake1 6 1022 1382 

Bendroflumethiazide 1 10 863 443 

1 See methods 

2p <0.05 

3p < 0.001 (11ethod of paired comparisons) 

(Transb01, J0rgensen, Hornum & ~ei~ing: Hypercalcaemia 

discrimination index: ••• ) 
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