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Summary. A seareh was made for patients with associated seeondary hyperparathyroidism 
and hypercalcemia: 22 such cases were Iound in the literature and 22 were recorded among 
92 patients operated upon because of parathyroid disease. In the remaining 70 patients 
the effect of the operation on the serum calcium level was investigated: persisting hyper- 
calcemia after the operation was found in 28 per cent of the cases. 

The patients reporded in the literature possessed severe renal and skeletary changcs 
and light microscopic evidence of parathyroid adenoma (2 cases), hyperplasia (15 cases), 
or hyperplasia and adenoma (5 cases). 

The other 22 patients had histories of long-standing renal disease, most often chronie 
pyelonephritis, of varying severity. Skeletary roentgenograms were often normal. Morpho- 
logic examination of the parathyroids showed adenoma (6 cases) or hyperplasia (16 cases). 
Postoperatively, normal serum calcium level was found in 9 cases and persisting hyper- 
calcemia in 13 ( ~  59 per cent) cases. One patient possessed also a mMignant u-cell insuloma 
and Zollinger-Ellison's syndrome. 

I t  is suggested that secondary hyperparathyroidism may develop in patients with only 
slight or moderate impairment of renal function, that hypercalcemia occurs more often 
than previously believed in seeondary hyperparath~~'oidism, and that some cases of secondary 
hyperparathyroidism previously, erroneously have been classified as primary hyperpara- 
thyroidism. 

Introduction 

Hypoca l cemia  is generMly considered to  be the  mos t  i m p o r t a n t  fac tor  in the  
deve lopmen t  of secondary  h y p e r p a r a t h y r o i d i s m .  I t  has  even been sugges ted  t h a t  
in cases in  whieh i t  is diff icul t  to d i f fe ren t ia te  be tween p r i m a r y  and  seeondary  
h y p e r p a r a t h y r o i d i s m ,  the  presenee of hyperea lcemia  def in i te ly  speaks  in favour  
of the  p r i m a r y  v a r i a n t  (Nordin,  1958). A lb r igh t  and  Rei fens te in  (1948) p roposed  
the  following s teps  in  the  evolu t ion  of secondary  h y p e r p a r a t h y r o i d i s m :  1. k idney  
insufficiency,  2. phosphorus  re ten t ion ,  3. t e n d e n e y  to a low serum ealeium leve] 
as  an  a d j u s t m e n t  to  the  high serum phosphorus  level,  and  4. hype rp la s i a  of the  
p a r a t h y r o i d  g lands  to  meer  th is  t endency .  This  supposed  sequence of events  
has been accep ted  for m a n y  years .  I towever ,  the  exac t  meehanJsm of induc t ion  
of p a r a t h y r o i d  hype rp l a s i a  in ehronic renal  disease (Pot ts ,  1969) and  the  s t imula-  
tor(s) of p a r a t h o r m o n e  (PTI t )  seere t ion  (Reiss and  Can te rbury ,  1971) are st i l l  
poor ly  known.  Moreover,  O ' R i o r d a n  et al. (1970) eould  no t  f ind a n y  corre la t ion  
be tween  the  se rum levels of eMcium and  PTI t  in  u n t r e a t e d  pa t i en t s  wi th  chronic 
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renal failure. In  dogs with experimental renal insufficieacy we have observed 
morphologically altered parathyroid glands and hyperealcemia, but no case of 
hypocalcemia (Boquist et al., 1972). Thus, it is possible that hypocalcemia is 
of less importance in the development of secondary hyperparathyroidism than 
previously believed. 

In  a review of patients operated upon because of parathyroid disease we 
found 22 cases with histories of renal disease and elevated serum caleium level 
before the operation. Most of them were initially believed to represent primary 
parathyroid hyperfunetion because the renal affection sometimes was rather 
inconspicuous and because the causal relationship between the parathyroid and 
the kidney disease seemed difficult to settle. A thorough investigation revealed 
that  the renal disease in all cases had preeeded the development of signs of 
parathyroid hypeffunction. Consequently, their parathyroid disease can be classi- 
fied as secondary hyperparathyroidism, and because of the presence of hyper- 
calcemia they have been included in a group ealled seeondary hypercalcemic 
hyperparathyroidism, whieh is suggested as a new elinical entity, apparently 
eomprising a number of cases whieh previously have been tought to have a 
primary parathyroid disease. 

The present study represents: a) a literature review of all known cases of 
secondary hyperparathyroidism with associatcd hyperealcemia and b) an in- 

,vestigati°n of the 22 new eases mentioned above; in 4 of these more extensive 
clinical, laboratory and histopathologic data wert obtained than in the others 
and these 4 cases are separately reported. 

Normal  Values 

Where nothing elsc is mentioned, the following abbreviations and normal 
values are guilty:  serum calcium (Sea) 4.2-5.2 mEq/1; serum phosphorus (Sp) 
2.7-4.7 mg/100 tal; urinary ealeium (Uea) < 300 mg/day; alkaline phosphatase 
(alk.phosph.) 2-8 Buch & Buch U; serum creatinine (Scr) 0.6-1.1 mg/100ml 
for males and 0.4-0.9 mg/100 ml for females; BUN 10-20 mg/100 ml; NPN 
25-40 mg/100 ml; "coneentration t es t " - -u r inary  specific gravity after thirst 
during 12 h o u r s >  1.025; endogenous creatinine clearanee (Ccr) (corrected to 
1.73 sq. meters body surface area) 85-125 ml/min; maximal histamine response 
(females) 17.7 ± 1.6 mEq HC1/hour--basal seeretory rate (females) 2.24 ~- 1.76 
mEq/hour. 

Cases Reported in the Literature 
In the literature we have been able to find reports of 22 patients with secondary hyper- 

parathyroidism and assoeiated hyperealcemia (Table 1). Only cases with long-standing renal 
disease and microseopically verified parathyroid disease have been included in the Table. 
Patients with hypercalcemia appearing after the administration of vitamine D or calcium, 
or in association with dialysis or renal transplantation, have been excluded. 

All the 22 cases possessed severe derangement of renal function and marked skeletary 
changes (renal osteodystrophy). Data about the serum level of alkaline phosphatases were 
given in 18 cases, in all of which the level was elevated. Nephro- or urolithiasis were not 
reported. Only 7 patients were operated upon. The number of parathyroid glands from 
euch patient that was examined light microscopically after operation or autopsy, varied 
from 2 to 5. The light microscopic findings included 2 cases of adenoma, 15 cases of hyper- 
plasia, and 5 cases of hyperplasia and adenoma. 
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In addition to the patients presented in Table 1, brief reports without separate doeu- 
mentation have been given in the literature of secondary hyperparathyroidism and hyper- 
calcemia: Richet et al. (1965) found one case of hypereMcemia among 35 uremic patients: 
Black (1967) observed 10 cases of hyperealcemia among 53 patients with generalized renal 
osteitis fibrosa; in a study of 225 uremie patients, Henning et al. (1968) recorded one case 
of hyperealcemia, 60 patients with hypocalcemia, and normal serum calcium level in the 
remaining patients; Katz et al. (1969) reported 9 cases of hypercaleemia among 195 uremic 
patients. 

New eases 

The region inves t iga t ed  compriscs  21/2 eount ies  wi th  in  all  abou t  700000 in- 
hab i t an t s .  The record  fries in  the  var ious  hospi ta l s  in  th is  region from the  years  
1958-1970 were inves t iga t ed  in a search for pa t i en t s  opera ted  upon  because of 
h y p e r p a r a t h y r o i d i s m .  I n  all ,  94 such p a t i e n t s  were found  two of t hem have  
been sepa ra t e ly  r epo r t ed  (Boquis t  et al., 1971) and  have  no t  been inc luded  in 
the  p resen t  work.  Their  records  were reviewed and  the  h i s topa thologic  specimens 
ob ta ined  a t  b iopsy ,  ope ra t ion  or a u t o p s y  were re -examined .  The in fo rmat ion  
ga the red  in  th is  w a y  ind ica t ed  t h a t  signs of rena l  disease c lear ly  preceded  the  
deve lopmen t  of h y p e r p a r a t h y r o i d i s m  in 22 of the  cases (3 males  and  19 females).  

F o u r  of the  22 pa t i en t s  had  been sub jec ted  to  more  extens ive  clinieal,  l abora-  
t o ry  and  h is topa thologic  examina t ions  t h a n  the  others.  These 4 pa t i en t s  are 
p resen ted  in Table  2 and  in  sepa ra te  case repor ts .  The remain ing  18 pa t i en t s  
had  his tor ies  of long-s tanding ,  r ecu r ren t  rena l  disease for which some of t hem 
had  been hospi ta l ized.  Sufficient  l a b o r a t o r y  d a t a  on renal  func t ion  ware lacking  
in some of these  cases, which are  p resen ted  in Table  3. 

The  in i t i a l  d iagnosis  in 20 of the  22 cases was p r i m a r y  h y p e r p a r a t h y r o i d i s m .  
I n  13 ( =  59 per  cent)  of the  pa t i en t s  the  p a r a t h y r o i d  opera t ion  was unsuceessful  
in  t h a t  t he  hyperca lcemia  r ema ined  pos tope ra t ive ly .  Norma l  serum ealeium ]evel 
a f te r  the  ope ra t ion  was found  in 9 pa t i en t s .  F o r  eompar ison,  the  number  of 
unsuecessful  opera t ions  was s tud ied  also in  the  70 (out of 94) pa t i en t s  who had  
a p a r a t h y r o i d  disease o ther  t h a n  seeondary  hyperca leemie  h y p e r p a r a t h y r o i d i s m  
and  who had  no t  been r e p o r t e d  p rev ious ly ;  28 per  eent  of the  opera t ions  were 
no t  successful.  

Report  o / N e w  Cases 

Case 1. Woman, born in 1926, with histories of recurrent urinary tract infection since 
about 1940. From 1952-1957 she consumed large amounts of anMgesics containing phenace- 
tine. The urogram was normal in 1950. Oedema, hypertension and tiredness appeared for 
the first time in 1956 and during the following years signs of progressive renal failure developed. 

The essential findings during the following years were: 1958: Symptoms of peptic uleer. 
Blood pressure 175/105. Concentration test 1.017. 1959: Scr 1.7. Sca 5.1. Sp 2.2. Alk. phosph. 
2.0. 1963: l~oentgenograms showed peptic ulcer in duodenum. 1964: Sca 5.3. Sp 2.2. Alk. 
phosph. 3.4. 1965: Scr 4.7. Proteinuria. Anemia. Maximal histamine response was 24.0 and 
the basal secretory rate 2.3. Gastric resection (Billroth II) was performed because of hemate- 
mesis and melena. 1966: Relaparotomy and vagotomy were carried out beeause of hemate- 
mesis. 

1967: At exploration on Oetober 12, four parathyroid glands were identified, and three 
and a half of them were removed. Light mieroscopic examination showed ehieß eell hyper- 
plasia (Fig. 1). Relaparotomy on October 31, because of melena, diselosed an uleer in the 
stoma; the gastroenteroanastomosis was reseeted and a new gastrojejunostomy was per- 
formed. Maximal histamine response after the operation was 43.1 and the basal secretory 
rate 0.0. 
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1 2 

3 

:Fig. 1. Photomiorogruph of hyperplastic parathyroid gland showing monomorphous light 
chief cells, absence of rat cells and rich vascularization. Hematoxylin and eosin; original 

m~gnification × 40 

Fig. 2. Photomicrograph of malignant insulom~ composed of Œ~- and a2-cells. Hem~toxylin 
and eosin; original magnification × 100 

Fig. 3. Photomicrograph of hyperplastic p~rathyroid gland showing light chief cells in ~cinar 
~rrangement. I-Iematoxylin and eosin; original magnification × 60 
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1969: Relaparotomy beeause of reeurrent hematemesis; a tumor was removed from the 
pancreas; light mieroseopie examination showed a polymorphous insoluma eomposed of 
el" and e2-cells (Fig. 2). After the operation the renal insufficiency progressed rapidly and 
the patient died on April 25. 

Gross and microscopic postmortem findings included: Chronie pyelonephritis; peptic 
uleers in duodenum and jejunum hyperplasia of thyroid, adrenals and one remaining para- 
thyroid gland; metastases from a malignant insuloma in lymph nodes and pancreas. 

Case 2. Woman, born in 1932, with symptoms of chronic renal disease since pregnancy 
in 1959 and constant proteinuria sinee 1960. A marked transitory decrease of renal funetion 
because of pyelonephritis was observed in 1969; Ccr was initially 65, two weeks later 91, 
and three months later 104. 

Examinations in 1969 disclosed hypertension (220/140), hypercalcemia (4.8-6.5) and 
hypophosphatemia (1.5-2.1). Angiograms and biopsy showed ehronie pyelonephritis in both 
kidneys and nephrocalcinosis on the right stde. Concentration test was 1.015. 

At operation on September 1, 1970, the lower left and right parathyroid glands »vere 
removed. Light microseopie examination showed parathyroid hyperplasia (Fig. 3). The 
patient is alive and Sca has been elevated at repeated determinations after the operation 
(5.4 in November 1971). Concentration test was 1.016 in March 1971. 

Case 3. Man, born in 1914, who was hospitalized for the first time in 1942 beeause of 
renal disease; blood pressure 150/95, NPN 38-49, proteinuria, microseopie hematuria, bac- 
teriuria, and concentration test 1.020. During the following years signs oB slowly progressing 
renal disease were found. Roentgenograms showed irregularly contraeted kidneys and hydro- 
nephrosis. In  1947 the blood pressure was 170/110. Peptic ulcer in the duodenum was diagnosed 
in 1952 and gastric reseetion (Billroth II) was performed two years later. In 1963 the con- 
centration test was 1.012 and Cer 64. I-Iypercalcemia (5.3-6.1) was recorded for the first 
t ime in January 1969. Sp was min. 2.0 and Uea ma):. 180. Renal angiography and biopsy 
were performed in 1969 and the diagnosis chronic pyelonephritis was settled. At operation 
on December 16, 1969, one enlarged parathyroid gland was removed. Light and electron 
mieroscopie examination showed adenoma, mainly eomposed of chief eells (Figs. 4 and 5). 
Sca has been normal (4.3-4.7) at repeated determinations after the operation. Concentration 
test was 1.011 in May, 1971. 

Case g. Woman, born in 1908, who had repeated periods of proteinuria during ehildhood 
and adolescence. Nephritis was recorded in 1928. In 1945 pernicious anemia was diagnosed. 
Since 1956 she has been treated with vitamine B 12. In  1965 the blood pressure was 200/120, 
Scr 1.1 and concentration test 1.021. Suspieion of hyperparathyroidism arose in 1969. The 
laboratory findings ineluded: Sca max. 6.3, Sp min. 1.5, Uca max. 440, alk. phosph, max. 17, 
Scr 1.4, Cer 77, eoncentration test 1.022. Cortisone administration had no effect on Sca. 

At  operation on June 30, 1969, and subsequent light microseopie examination of resected 
material, nodular colloid goiter and parathyroid hyperplasia were diagnosed. After the 
operation there was an initial decrease of Sca to 4.0 and then a slow return to hypercalcemie 
levels. 

Discussion 

T h e  cases  of s e c o n d a r y  h y p e r p a r a t h y r o i d i s m  w i t h  a s soc i a t ed  h y p e r c a l c e m i a  

which  were  r e p o r t e d  in  t h e  l i t e r a t u r e  (Table  1) possessed  seve re  r ena l  dama, ge 

Fig. 4. Eleetron mierograph oi ehief eell eytoplasm in parathyroid adenoma showing glycogen 
(G1), eleetron dense rounded partieles, mitochondria, free ribosomes, rough-surfaeed lamellar 
endoplasmie retieulum, and annulate lamellae (AL). Glutaraldehyde and osmium tetroxide 

fixation, uranyl aeetate and lead citrate stain; original magnifieation × 31000 

Fig. 5. Electron mierograph of parathyroid adenoma showing ehief eells (C) with Iow eyto- 
plasmic eleetron density and a moderate number of mitoehondria, and one oxyphil eell (0) 
with an abundanee of mitoehondria. Glutaraldehyde and osmium tetroxide fixation, uranyl 

aeetate and lead eitrate stain; original magnifieation × 11500 
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and renal osteodystrophy; the associated hypercalcemia was most orten briefly 
mentioned and not diseussed. The new eases (Tables 2 and 3) had slight or moder- 
ate renal impairment  of long duration. The skeletary roentgenograms were 
usually normal. The serum phosphorus level was orten decreased in the new 
patients, whereas hyperphosphatemia was reeorded in most cases in Table 1. 
This difference is probably due to a more severe renal failnre in the latter than 
in the former cases, since it  is known tha t  the serum phosphorus level is elevated 
in advaneed renal insußficiency. 

Although the association of seeondary hyperparathyroidism with chronie 
renal disease is well known, less at tention has previously been paid to the develop- 
ment  of parathyroid hypeffunction in eases with mild impairment of renal 
funetion (Bilinsky, 1968). The results of the present s tudy denote tha t  secondary 
hyperparathyroidism may  oecur also in patients with slight or moderate renal 
impairment,  if this is oB sufficiently long duration, and tha t  hypercalcemia is 
more eommon in seeondary hyperparathyroidism than previously believed. I t  is 
probable tha t  some patients with seeondary hypercalcemic hyperparathyroidism 
previously, erroneously have been thought  to have a pr imary  hyperparathyroidism 
beeause of inconspieuous renal symptoms and because of difficulty to settle 
whether the renal or the parathyroid disease developed first. 

The eause of the hyperealeemia in the eases under discussion is not elear. 
I t  is generally eonsidered tha t  the serum caleium level is low or normal in sec- 
ondary hyperparathyroidism and tha t  the hypoealeemia is a stimulus to hyper- 
plasia of the parathyroid glands. No hypoealcemia could be demonstrated in 
our cases. When, signs of hyperparathyroidism appeared after many  years of 
renal disease, the serum levels of calcium were clearly elevated denoting tha t  
the hypercalcemia probably was a result of hypeffunction with inereased secretion 
of PTH.  No P T H  determinations were performed in our cases but inereased 
levels of this hormone have been reported in patients with renal disease. Highman 
and Hamil ton (1937) observed a high eoncentration of P T H  when serum from 
uremic patients was injeeted into rabbits. Inereased level of serum P T H  has 
been found in chronie renal disease (Berson and ¥alow, 1966) in seeondary 
hyperparathyroidism (Potts et al., 1969) and in 90 per eent of patients under- 
going dialysis (O'Riordan et al., 1970). In  experimental studies on dogs with 
advanced renal insaffieieney, a twenty-fold inerease of the PTtI- level  was reported 
by Slatopolsky et al. (1971). 

Serum ealcium determinations were repeatedly performed in the new eases; 
no case of hypocalcemia was reeorded prior to parathyroidectomy. Thus, as rar 
as can be eoneluded from these determinations, it seems tha t  the hypothesis 
tha t  hypocalcemia is a stimulus to parathyroid hyperplasia, not is w l i d  for 
these cases. The factor or factors responsible for the development of parathyroid 
hyperfunetion in the new cases are not known, but it is believed tha t  the factor 
or faetors emanate flora, or are aet ivated by the insufficiently functioning renal 
parenchyma. I t  is worth to mention tha t  the metabolism of vitamine D is im- 
paired in patients with renal insufficieney (Avioli et al., 1968; Potts  et al., 1969) 
which might lead to disturbanees in caleium metabolism and parathyroid funetion, 
and reeent evidence suggests tha t  the kidney produces a faetor of hormonal 
nature which is necessary for the act ivi ty of vitamine D (L~wson et al., 1971). 
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Parathyroid hyperplasia was more frequent than adenoma in the eases eol- 
leeted from the literature. Among the new patients there were 16 eases with 
hyperplasia and 6 with adenoma. So-ealled light ehJef eells were predominating 
in both hyperplastie and adenomatous parathyroid glands. Annulate lamellae 
(Boquist, 1970) were only found in adenomatous parathyroid tissue. 

A high frequency of ehronic pyelonephritis was found in the present study. 
This conforms to what is known from other reports of secondary hyperpara- 
thyroidism (Pollak et al., 1969). 

Patient No. 1 had a mahgnant insuloma eomposed of ~1- and ~2-eell and 
a Zollinger-Ellison's syndrome. Parathyroid disease oeeurs rather orten in assoeia- 
tion with this syndrome, usually without evidenee of preeeding renal failure. 
I-Iowever, one patient with rënal disease and Zollinger-Ellison's syndrome has 
been reported in the literature (Debray et al., 1965). The role of the panereas 
in the regulation of ealeinm metabolism has not been elueidated, hut it is known 
that glueagon deereases the serum caleium level without interaction of ealeitonin 
(Tanzer et al., 1970). No determination of the serum glueagon levël was per- 
formed in Case No. 1. Inasmueh as Œ2-cells of normal pancreatie islets are known 
to produee glueagon, it is, however, possible that  there was an inereased produe- 
tion of glueagon in this ease, whieh eould have had a hypoealcemie effeet; this 
might lead to secondary hyperfunetion of the parathyroid glands. Paloyan et al. 
(1967a) have suggested an interaetion between glueagon, PTI-I and calcitonin 
at the level of renal funetion. In  a retrospeetivë review of material obtained 
at autopsy from 15 eases of parathyroid adenoma and eareinoma, Paloyan et al. 
(1967 b) observed a high ineidenee of islet hyperplasia. 

Fifty-nine per eent of the new patients remained hypercaleemic after para- 
thyroideetomy which may be due to a persisting stimulation from or via the 
kidneys to parathyroid hyperfunetion with assoeiated hyperealeemia. Suffieient 
data for an evaluation of renal funetion after the operation on the parathyroid 
glands, were available only in some of the new eases ; both increased and deereased 
functional eapaeity of the kidneys were found. In  primary hyperparathyroidism 
it has been found that  the renal funetion orten eontinues to deteriorate also after 
adequate parathyroid operation (ttellström and Ivemark, 1962; Britton et al., 
1971). 
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