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Chapter I

GENERAL INTRODUCTION

The association between renal disease and parathyroid hyperplasia,
bone disease and extraskeletal calcification has been recognized for many
years. With the advent of hemodialysis and renal transplantation, interest
in these frequent complications of chronic renal failure has grown rapid-
ly leading, in the last decade, to partial clarification of the major patho-
genetic factors. The purpose of this introduction is to summarize briefly
current knowledge concerning these abnormalities.

Renal bone disease

Improved knowledge of the metabolism of vitamin D and the role of
the kidney in this process has contributed considerably to a better under-
standing of the pathogenesis of renal bone disease. In renal failure, a
disturbance in the conversion in the kidney of vitamin D into a hormonal
form essential for the mobilization of calcium from both intestine and
bone (1-5) and a disturbance in renal phosphate excretion leading to
phosphate retention (6-8) are the two major pathogenetic mechanisms in-
volved. As will be discussed, both mechanisms cause hypocalcemia and,
subsequently, hyperparathyroidism. Since the production of active vita-
min D metabolites is diminished or absent in advanced renal failure (3, 4),
the intestinal absorption of calcium will be blunted (4) and the skeletal
response to the calcemic action of parathyroid hormone (PTH) will be
reduced (9). Consequently, a greater amount of PTH will be required to
mobilize calcium from bone and the skeleton will continually be sacri-
ficed in an attempt to maintain serum calcium within the normal range.
This secondary hyperparathyroidism will cause an increase in the turn-
over and resorption of bone (osteitis fibrosa) while the calcium and active
vitamin D metabolite deficiencies will result in defective mineralization
of bone (osteomalacia). These bone abnormalities, which may be asso-
ciated with either an overall deficit of bone (osteoporosis) or, less com-
mon, bone excess (osteosclerosis), are collectively termed renal osteo-
dystrophy.



The sequence of events in the course of progressive renal failure is not
precisely known but in early renal failure, phosphate retention is probably
the major pathogenetic factor (8). Bricker, Slatopolsky and associates (6-8)
proposed the hypothesis that, with progressive loss of renal function,
transient and possibly even undetectable elevations of inorganic phos-
phate occur which lead directly to a lower concentration of ionized cal-
cium. This hypothesis is based on the results of a number of studies which
showed that precipitation of calcium occurs when the blood concentra-
tion of phosphate increases. However the possibility that other mechan-
isms cause - or contribute to - the decrease in ionized calcium cannot
be excluded (8). The decrease in ionized calcium subsequently stimulates
PTH secretion which in turn corrects the hyperphosphatemia by the
phosphaturic effect on the kidney. Thus, as the number of functioning
nephrons decreases, the amount of phosphate excreted by the remaining
nephrons increases at the expense of increased PTH secretion. This
mechanism has been postulated as the means by which phosphate balance
is maintained until the glomerular filtration rate (GFR) falls below 25 ml
per min. (8). In addition, phosphate retention may contribute to the
hypocalcemia and thereby to hyperparathyroidism by causing a rise in
the concentration of inorganic phosphate in the renal cortical cells, thus
decreasing the rate of conversion of vitamin D to its active metabolites in
the kidney (4). The latter mechanism, however, is probably not of im-
portance in early renal insufficiency since the serum levels of the active
vitamin D metabolites (8, 10), as well as the intestinal absorption of cal-
cium (11), are generally normal when the GFR exceeds 30-40 ml per min.
In support of the phosphate retention hypothesis would be the observa-
tion that histologic features of hyperparathyroidism (12) as well as ele-
vated PTH activity (13, 14) have been demonstrated in patients with
mild renal insufficiency, i.e. GFR values exceeding 50 ml per min. Others
(15), however, could detect an increase in PTH activity only when the
GFR was less than 30-40 ml per min. These divergent observations could
be explained by the immunoheterogeneity of PTH and the different
radioimmunoassays used in these studies (15). Regardless of the mechan-
ism subsequent to phosphate retention, however, secondary hyperpara-
thyroidism can be prevented for some time if phosphate retention is
avoided during the course of progressive renal failure (7, 8, 16), especially
when phosphate restriction is combined with the administration of
vitamin D (16).

The disturbance in the renal biosynthesis of the biologically most
active form of vitamin D, 1,25-dihydroxycholecalciferol (3), is the major



factor involved in the pathogenesis of renal osteodystrophy in advanced
renal failure. This potent vitamin D metabolite, which is produced solely
in the kidney (1) in response to the need for calcium and phosphate,
normally functions in concert with PTH and calcitonin to regulate cal-
cium and phosphate metabolism by its effect on intestine, bone and
kidney (4). Its normal metabolic formation, recently reviewed by DeLuca
(5), is shown in Fig. 1. Briefly, vitamin D3 (cholecalciferol), the major
source of vitamin D, is derived from dietary sources and is produced in
the skin by photochemical conversion of 7-dehydrocholesterol under the
influence of ultraviolet irradiation. Subsequently, cholecalciferol is meta-
bolized almost entirely in the liver to 25-hydroxycholecalciferol (25-HCC),
which is the main form of circulating vitamin D. At physiological levels
its biological activity is limited, but in the kidney it is further hydroxy-
lated to produce 1,25-dihydroxycholecalciferol (1,25-DHCC), the hor-
monal form of vitamin D. This hydroxylation is catalyzed by the enzyme
25-HCC-la hydroxylase, which is present exclusively in the kidney (1).
Alternate dihydroxylated metabolites may also be formed by the action
of the enzyme 24-hydroxylase with 25-HCC and 1,25-DHCC to produce
24,25-dihydroxycholecalciferol (24,25-DHCC) and 1,24,25-trihydroxy-
cholecalciferol (1,24,25-THCC), respectively. In addition, 24,25-DHCC
may be further metabolized in the kidney to 1,24,25-THCC (5).

1,24,25-(OH)3D3

Intestine
Bone

Fig. 1. Metabolic pathway of vitamin D. Pi = phosphate. PTH = parathyroid hormone.
CH onC, in la,25-(OH)a D3 should read OH.
From H.F. de Luca.
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The conversion of 25-HCC to either 1,25-DHCC or 24,25-DHCC
appears to be regulated by the need for calcium and phosphate. Low
serum calcium and serum phosphate levels both stimulate the production
of 1,25-DHCC; phosphate acts directly on the la-hydroxylasebutthe
effect of calcium appears to be mediated entirely by PTH (17, 18). Thus,
stimulated by hypocalcemia (i.e. PTH) and/or hypophosphatemia, the
increased 1,25-DHCC production corrects the disturbance in mineral
metabolism by mobilizing calcium and phosphate from the intestine and
bone, thereby closing the hormonal feedback loop (18). Moreover, in
itself, an increased 1,25-DHCC level stimulates production of the bio-
logically less active 24-hydroxylated metabolites (19) suggesting that
1,25-DHCC may contribute to the control of its own synthesis (5). Also,
the resulting increased production of 24-hydroxylated metabolites may
directly suppress PTH activity (20), although such a direct effect of 1,25-
DHCC is still uncertain (8). In the event of normal or elevated serum
calcium and phosphate, the biologically less active metabolite 24,25-
DHCC is formed and the production of 24,25-DHCC in the kidney
appears to be inversely proportional to the synthesis of active 1,25-DHCC
(17). Calcitonin, prolactin, estrogens, cortisol and growth hormone j
may, under certain conditions, possibly also act as factors controlling j
la-hydroxylase, but current evidence suggests that the production of j
dihydroxylated vitamin D metabolites in the kidney is primarily governed
by an interplay between PTH and phosphate (5, 18).

The functional role of the 24-hydroxylated vitamin D derivates has
not been fully clarified. 24,25-DHCC has been reported to promote the
intestinal absorption of calcium and to enhance body calcium retention,
suggesting that this metabolite leads to deposition of the retained cal-
cium in the skeleton (21) and that it may have a specific mineralization
effect (21, 22). Others (23), however, could not demonstrate an effect
of 24,25-DHCC on intestinal calcium absorption. 1,24,25-THCC has |
been shown to stimulate the intestinal absorption of calcium and the
resorption of bone although to a lesser extent than 1,25-DHCC (24).

As mentioned above, the main function of 1,25-DHCC is to regulate
the extracellular concentration of calcium (and phosphate) by stimulating
absorption in the intestine and resorption from bone. Its mode of action
in the intestine and bone, recently reviewed by PeLuca (5) and Haussler
and McCain (18), is not fully understood but evidence indicates a bio-
synthesis of (calcium-binding) proteins in the intestine (and possibly also
in bone) which would make an active calcium transport mechanism
possible. This active intestinal calcium transport is solely dependent on
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active vitamin D metabolites, in particular 1,25-DHCC; PTH in itself has
no direct effect on the mobilization of calcium in the intestine (25).
The mobilization of calcium and phosphate from bone, however, is de-
pendent on both PTH and 1,25-DHCC (18). 1,25-DHCC possesses strong
bone resorptive properties as well (26) and in its absence, less calcium is
mobilized from bone via PTH (5, 9). This apparently paradoxical effect
of 1,25-DHCC on bone provides calcium and phosphate, released from
mature bone, for the accretion of new bone mineral (18). A direct effect
of 1,25-DHCC on bone mineralization, apart from providing the necessary
calcium and phosphate, has not yet been proven (5, 18, 21) and, as
stated, it has been shown that other vitamin D metabolites may also
participate directly in the mineralization process (21, 22, 27). Further-
more, evidence has been presented that mineralization of bone can occur
in anephric patients, i.e. in the absence of 1,25-DHCC (28).

From the preceding brief summary of the metabolism and some of the
functions of \itamin D it is apparent that, in renal failure, diminished
production of active vitamin D metabolites results in gross disturbances
of calcium and bone metabolism. Since reduced levels of circulating
1,25-DHCC (8, 10), intestinal malabsorption of calcium (11), increased
PTH activity (15), hyperphosphatemia (8) and sometimes hypocal-
cemia all develop at GFR values of about 30-40 ml per min., it appears
that this stage of renal insufficiency is crucial in the development of
renal osteodystrophy. As discussed, mild secondary hyperparathyroid-
ism due to phosphate retention may already develop at an earlier stage.
When the GFR falls below 30 ml per min., a further reduction in renal
mass, progressive phosphate retention, acidosis (28) and possibly the
accumulation of "uremic toxins" (29) may all lead to further impair-
ment of the renal biosynthesis of active vitamin D metabolites until
eventually the latter will no longer be produced at all. In addition, the
acidosis will contribute to the negative calcium balance by utilizing bone
calcium salts as buffers (29) and the vitamin D-independent (passive)
intestinal calcium absorption will be impaired by the low-protein diet
regimens (30, 31). Although an active vitamin D-dependent transport
mechanism has been demonstrated in the intestine for phosphate as well
(32), intestinal phosphate absorption is mainly passive and continues
during advanced renal failure. The above-mentioned factors working in
concert to produce hypocalcemia (shown in a simplified scheme in Fig.
2) will provide continuous stimuli for PTH secretion. Eventually, marked
parathyroid hyperplasia results and the parathyroid glands may function
relatively autonomously (29). In addition, a number of other factors,
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such as a disturbed magnesium and pyrophosphate metabolism, heparin
administration, the accumulation of aluminum and fluoride in bone and
the use of anticonvulsants, may contribute to the development of renal
osteodystrophy (10).

In the course of progressive renal failure, the effects of hypcrparathy-
roidism on bone (osteitis fibrosa) generally precede those of defective
mineralization (osteomalacia) but both components of renal osteodys-
trophy are usually present in patients on maintenance hemodialysis
(33-36). Advanced stages of secondary hyperparathyroidism and renal
osteodystrophy (Fig. 3) may be associated with clinical features such as
bone pain, which is usually caused by osteomalacia (33, 36), bone defor-
mities and fractures, growth retardation, muscular weakness, pruritis and
symptoms due to extraskeletal calcification (10, 29). Symptomatic bone
disease is relatively uncommon and usually occurs late in the course of
renal failure (12, 17) but when present, it is difficult to manage conser-
vatively. This stresses the importance of the early diagnosis and treat-
ment of bone disease in renal failure.

Accurate diagnosis of renal osteodystrophy depends on the histologic
examination of bone, which is usually obtained from the iliac crest with
a trephine. Nowadays, the bone specimens are embedded in a hard plastic
medium (methylmethacrylate) so that thin sections can be cut with a
microtome (12, 38). The undecalcified stained thin sections can be evalu-
ated by qualitative or quantitative analysis to assess the degree of bone
formation, resorption and mineralization. Evidence for the effects of
hyperparathyroidism on bone (12, 29, 33, 37) includes the activation of
osteoclasts, osteocytes, osteoblasts and endosteal cells, which results in
an increase in bone remodelling associated with fibrosis of the marrow,
excess unmineralized bone (osteoid) and a disturbance of the normal
bone architecture with the formation of so-called woven bone. An in-
crease in the amount of osteoid tissue does not in itself necessarily indi-
cate impaired mineralization; however, the presence of wide and irregular-
ly distributed osteoid seams, which are not associated with active osteo-
blasts, is highly suggestive of osteomalacia. More accurate information
on the degree of defective mineralization can be obtained by studying
the calcification front (12), either by using stains such as toluidin blue
or by following the administration of two separate doses of a fluorescent
agent which is incorporated in newly formed bone, such as tetracycline
(39). The distance between the two fluorescent bands indicates the rate
of bone formation and from the appearance of the calcification front,
excess osteoid secondary to increased bone formation can be distin-
guished from defective mineralization (12, 29).



lig. 3. Kxample of severe renal osteodystrophy. Note subperosteal erosions and destruction of
the tufts of the fingers as a result of marked secondary hyperparathyroidism.

Radiographic techniques are less sensitive for the detection of renal
osteodystrcphy (29, 37, 40, 41), in particular osteomalacia, even when
sensitive magnification techniques (42) are used (41). The radiographic
abnormalities, when present, are generally features of hyperparathyroid-
ism and include subperiosteal erosions of the phalanges and tufts of the
fingers (Fig. 3), and erosions of the distal ends of the clavicles, proximal ti-
bia, sacro-iliac joints, symphysis pubis and mandibles. In the skull, bone
resorption may cause a diffuse irregular mottling, the so-called "salt and
pepper" skull. Cyst formation, brown tumors and fractures are seldom
noted. The radiographic diagnosis of osteomalacia depends on the demon-
stration ofsevereosteopeniain association with (pseudo)fractures, the so-
called Looser zones. These are areas of unmineralized woven bone
which present as translucent bands, usually in the pubic rami, the femoral
neck, the ribs and the metatarsal shafts. In severe long-standing cases,
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compression deformities and bending of the long bones may occur.
Osteosclerosis can be identified by dense sclerotic bands occurring along
the upper and lower aspects of the vertebral bodies, giving rise to the
so-called "rugger jersey" appearance of the spine. Osteoporosis and/or
bone demineralization may be grossly underestimated when assessed by
routine radiographic analysis. The mineral content of the skeleton can
better be evaluated by means of photon absorption or neutron activa-
tion techniques (43). Bone densitometry, however, is a nonspecific
method generally confined to measurement of the mineral content of the
forearm, which is not necessarily representative of the mineral content
of the whole skeleton (29).

Biochemical data may provide information about the nature of the
bone disease but, in itself, the value of biochemical analysis is limited. A
positive correlation has been reported between serum phosphate and
iPTH (6). In non-dialyzed patients, an inverse correlation was found be-
tween serum calcium and the amount of osteoid (44). Significant corre-
lations have been demonstrated between serum alkaline phosphatase and
osteoblastic (12, 44, 45) as well as osteoclastic activity (44). Since the
osteoblastic and osteoclastic activities are coupled in remodeling (39),
these findings indicated that serum alkaline phosphatase activity provides
valuable information about the degree of bone turnover (44). Some cau-
tion, however, should be exercised in the interpretation of the alkaline
phosphatase values in this respect since the enzyme activity is not in-
variably elevated in patients with histologic evidence of renal osteodys-
trophy and increased values may sometimes represent intestinal isoen-
zyme activity (46). Measurement of iPTH by radioimmunoassay (RIA)
may also indicate the presence of hyperparathyroidism. The accuracy of
this method, however, depends on the antiserum used (15). Since human
PTH has not been available in sufficient quantities to produce antisera,
the RIA is generally based on the cross-reaction between antibodies
directed against ' 3 ' I-labeled animal (bovine or porcine) PTH and human
PTH, but the structure and immunologic properties of the latter differ
from those of other species. Furthermore, the native PTH molecule, a
single-chain 84-amino acid polypeptide with a molecular weight of 9500,
is cleaved metabolically into different fragments which have different
half-lives. The native PTH molecule (1-84) and the 1-34 fragment, which
extends from the amino terminal of the peptide chain (N-terminal) and
possesses biologic and immunologic activity, both have a short half-
life (< 20 min). The fragments extending from the carboxyl terminal
(C-terminal) are biologically inactive but immunologically active and
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these fragments have a long half-life. Impaired renal metabolism of the
C-terminal fragments may further contribute to the high levels of iPTH
when an antiserum directed towards the C-terminal is used (47). Due to
the rapid metabolic turnover of the native PTH molecule, however,
measurements of the fragments of PTH appear to be a better indicator
of the chronic state of hyperparathyroidism than measurement of PTH
1-84 alone (15).

A routine check on the serum calcium, phosphate, alkaline phospha-
tase and bicarbonate values provides a simple means of monitoring the
development of secondary hyperparathyroidism and bone disease during
the course of renal failure. When changes in these biochemical values
indicate the initiation of the pathophysiological events described, i.e.
when serum calcium decreases and/or serum phosphate and serum alka-
line phosphatase tend to rise, treatment should be started even if these
biochemical values are still within the normal laboratory range and radio-
graphic abnormalities are absent. As discussed, this usually occurs when the
GFR falls below 50 ml per min. and will generally become manifest bio-
chemically at GFR values below 30 ml per min.

The Principal aims of treatment are to keep serum phosphate, serum
calcium and the acid-base balance well within the normal range (10, 29,
31). Normalization of serum phosphate can be achieved by dietary
phosphate restriction and/or phosphate-binding antacids such as aluminum
hydroxyde or aluminum carbonate, which render phosphate non-absorb-
able in the intestine (48). Care, however, should be taken to avoid
hypophosphatemia. Once normalization of phosphate has been achieved,
calcium should be supplemented to obtain a daily total intake of at least
1 gram of elementary calcium. The use of calcium carbonate for this
purpose offers the additional advantages of phosphate-binding in the gut
and neutralization of some of the gastric hydrochloric acid, thereby con-
tributing to the prevention of systemic acidosis; a disadvantage of cal-
cium carbonate is that it can cause constipation. The optimal dialysate
calcium concentration is probably 6-7 mg/100 ml (10, 29); this concen-
tration should not exceed 7 mg/100 ml, in view of the risk of extra-
skeletal calcification (49). When acidosis occurs in spite of the calcium
carbonate supplementation, sodium bicarbonate should be administered
(31). In dialysis patients, systemic acidosis is generally prevented by
adding to the dialysate acetate orlactate, which are metabolized in the
body to yield sodium bicarbonate (50). In advanced renal failure, vita-
min D should be added to the above therapeutic regimen but the optimal
moment to commence treatment probably differs from patient to pa-
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tient. Until routine measurements of the levels of circulating active
vitamin D metabolites, in particular 1,25-DHCC, become available small
supplements of vitamin D should be considered for all patients with a
GFR below 30 ml per min, provided serum phosphate is maintained
within the normal range. A probably reliable guide for treatment could
be that serum calcium remains low-normal and/or serum alkaline phos-
phatase activity rises after serum phosphate is normalized and calcium is
supplemented. Vitamin D treatment should not be initiated in patients
with hyperphosphatemia, hypercalcemia or other signs of overt secon-
dary hyperparathyroidism; in the event of the latter, subtotal parathyroi-
dectomy should be considered. Similarly, when progressive hyperpara-
thyroidism, bone disease and/or extraskeletal calcification (in particular
progressive vascular calcification) occur during medical treatment,
parathyroid surgery is indicated (51, 52).

In recent years, attention has focussed on the efficacy of 1,25-DHCC
and its synthetic analogue, la-hydroxycholecalciferol (la-HCC) (53), in
the treatment of renal osteodystrophy. This compound, which is now
commercially available, is rapidly converted in the liver to 1,25-DHCC
without the need for renal 1-a-hydroxylation (17). An increasing number
of studies have documented the effectiveness of 1-a-HCC in improving
intestinal calcium absorption, correcting hypocalcemia, reversing hyper-
parathyroidism and improving bone disease (54). However, la-HCC is
not invariably effective in the treatment of renal osteodystrophy, par-
ticularly as far as osteomalacia is concerned (22, 27, 55-57), and recent
reports suggest that large doses of 24,25-DHCC (21, 22) and/or 25-HCC
(22, 27, 62) are more effective in this respect. The beneficial effects of
la-HCC on calcium absorption, hyperparathyroidism and bone disease
have also been observed following treatment with pharmacologic doses
of dihydrotachysterol (58-61). This cheap synthetic compound does not
require renal hydroxylation either since the A ring is rotated 180 degrees
from its position in vitamin D3 (Fig. 1); hence the 3-hydroxyl group
occupies a position which is sterically analogous to the 1-hydroxyl group
in 1,25-DHCC. At present, the more rapid onset of effect and the more
rapid reversal of the toxic effects of the la-hydroxylated metabolites
appear to be the only major advantages over dihydrotachysterol (63).
Possibly, a combination of the short-acting 1,25-DHCC and a less specific
and less potent vitamin D derivate with a longer biological life, such as
25-HCC, may ultimately prove to be the most effective treatment for
the osteomalacic component of renal osteodystrophy.

When vitamin D therapy is initiated, serum calcium and serum phos-
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phate must be carefully monitored since the improved intestinal calcium
absorption and restored calcemic response of bone to PTH may cause
severe hypercalcemia in the presence of a hitherto unmasked hyperpara-
thyroidism. A favorable response of the skeleton to medical treatment
may be indicated by symptomatic improvement, a decrease in serum
alkaline phosphatase activity, an improvement in the radiographic abnor-
malities and a reversal of the histologic bone lesions. However, bone
biopsies cannot be repeated often and radiographic abnormalities are
frequently lacking. This stimulated our interest in the efficacy of bone
scintigraphy in the detection and follow-up of renal osteodystrophy
since this noninvasive technique provides information about the whole
skeleton and is known to be a sensitive means of detecting metabolic
bone disease due to other causes (64, 65). Our observations in this re-
spect are presented in Section A of this thesis.

Extraskeletal calcification in chronic renal failure

The calcification of previously normal extraskeletal tissue associated
with hypercalcemia and/or hyperphosphatemia is commonly referred to
as metastatic calcification. The term dystrophic calcification is used
when degenerative tissue calcifies and blood biochemical abnormalities
are absent. Since both metastatic and dystrophic factors may contribute
to the calcification found in patients with chronic renal failure (66), this
type will be referred to as extraskeletal calcification. The biochemical
disturbances in such patients, however, are undoubtedly the major pa-
thogenetic factor involved (51, 66-69).

In the past, studies on calcification in uremic patients focussed on vas-
cular, ocular, periarticular and skin calcification, all of which are easily
identified by noninvasive techniques such as physical, radiographic and/or
slit lamp examination (51, 66). This type of calcification, which does not
involve the visceral organs (nonvisceral calcification), is hydroxyapatite
(66-68) and is attributed mainly to an elevated CaxPO4 product, which
generally results from hyperphosphatemia (51, 66). When the solubility
product exceeds 70 (in mg/100 ml), calcium phosphate precipitates at
extraskeletal sites; this mechanism is probably analogous to the mineral
deposition induced by phosphate infusions (70). Conversely, phosphate
restriction, i.e. reduction of this product, may result in either the mobili-
zation (66) or the prevention (71) of calcification. Arterial and corneal
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calcification are the exceptions in that they usually do not respond to
therapy (66). Moreover it has been observed that arterial calcification is
rare in uremic children despite often severe hyperphosphatemia and hy-
perparathyroidism (72) and that it increases with age in uremic as well as
nonuremic subjects. All of these findings together indicate the importance
of degenerative (dystrophic) factors in the pathogenesis of arterial (66)
and possibly also corneal calcification. The possibility that uremia plays
a role in the degeneration of tissues has been considered (66).

Calcification of the arteries, common in patients with renal insuf-
ficiency, usually involves the tunica media and the internal elastic mem-
brane. The lumen of the vessel is generally not involved which explains
the usual lack ofocclusive complications, despite the often marked radio-
graphic appearance of the calcification (66). Ischemic necrosis of the ex-
tremities and skin is, however, encountered occasionally although the
precise pathogenesis remains uncertain. Mechanical obstruction of the
vessels secondary to the precipitation of calcium deposits has not been
demonstrated consistently in such patients and the often rapid improve-
ment of the ischemic lesions following subtotal parathyroidectomy and/
or phosphate depletion suggests that other mechanisms, possibly calci-

phylaxis, are involved in the pathogenesis of this potentially fatal com-
plication (73). Corneal and conjunctival calcification are the most com-
mon types of calcification in renal failure. Corneal calcification develops
at the limbus in the area exposed by the interpalpebral fissure and may
resemble the classical band keratopathy of hypercalcemia (74). It has
recently been claimed that this type of calcification cannot be distinguish-
ed from the calcified degenerative ocular lesions in normals (75), known
as the white limbus girdle of Vogt (76). Ocular calcification is usually
asymptomatic although occasionally calcium deposition may cause the
conjunctival irritation known as "red eyes" (77). Periarticular calcifica-
tion may lead to an acute arthritis, bursitis or a tenosynovitis which clin-
ically resembles gout and therefore is often termed pseudogout (66).
Rarely, massive (tumoral) calcinosis may develop around the large joints;
in general it is not painful but it may restrict musculoskeletal function
(66). Calcification of the skin may produce papular or nodular lesions
which are usually asymptomatic (66). Although the calcium content of
the skin is often elevated (78), skin calcification appears to be rare (79).
The marked pruritus which may occur has been attributed to a high con-
centration of calcium in the skin and/or elevated PTH levels, since the
pruritus improves dramatically following subtotal parathyroidectomy
(80). However, such a procedure is not indicated unless severe hyper-
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parathyroidism is present (10), since phototherapy with ultraviolet light
is a highly effective means of relieving this often agonizing complication
of renal failure (81).

Although it has long been known from autopsy studies that calcifica-
tion in uremia may also involve visceral organs, such as the heart, lung,
stomach and kidney (82), this visceral calcification has received little
attention since it is less accessible for clinical evaluation and is often not
even suspected during life. Recent autopsy studies (83, 84), however,
have demonstrated an alarmingly high incidence of this type of calcifica-
tion and it has become increasingly apparent that calcification of the
heart and lungs is a potentially fatal complication of renal fa'Auiz (83-86).
In the study of Conger et al. (83), 9 out of 15 dialysis patients had pul-
monary calcification at autopsy. The lesions occurred predominantly in
the alveolar septa and were associated with varying degrees of fibrosis
and alveolar septal thickening. In eight of these patients calcification of
the heart, gastric mucosa and kidneys was also demonstrated. Pulmonary
function tests had shown restrictive-diffusion abnormalities in the pa-
tients with calcification of the lungs, but radiographic evidence of calci-
fication was found in only one case. In an autopsy study of 56 dialysis
patients, Kuzela et al. (84) found calcification in the lungs, the heart and
the stomach in 42, 33 and 25 patients, respectively; this calcification was
graded severe in 27, 19 and 9 patients, respectively. The death of 6 pa-
tients was attributed to severe calcification of the cardiac conduction
system and/or the myocardium.

It has been shown that in chemical composition and crystalline struc-
ture visceral calcification differs from nonvisceral (hydroxyapatite) and
also from the visceral calcification(hydroxyapatite) in nonuremic pa-
tients (67-69). Chemical, X-ray diffraction and infrared analyses have
demonstrated that visceral calcification in uremia is not hydroxyapatite
but an amorphous Ca/Mg/PO4 compound with a high magnesium (67,
68) and pyrophosphate (69) content. These findings suggested that an
elevated magnesium level and/or Ca/Mg/PO4 product (67) as well as a
disturbed pyrophosphate metabolism (69) are involved in the pathogene-
sis of visceral calcification. Furthermore in dialysis patients with visceral
calcification the bone pyrophosphate level was 'higher than in those with-
out visceral calcification (87). The presence of these crystal inhibitors in
uremic visceral calcification in combination with the observation that
pyrophosphate is resistant to hydrolysis by pyrophosphatase seemed to
indicate that pyrophosphate is deposited as an insoluble magnesium salt,
thereby stabilizing the initial amorphous calcium-phosphate and pre-
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venting its transformation to hydroxyapatite (69). Selective chelation
studies of these deposits, however, showed that magnesium is readily
solubilized which suggests that magnesium and pyrophosphate are trapped
within the calcium-phosphate deposits by separate mechanisms (88).

Since visceral calcification is potentially life-threatening and generally
cannot be diagnosed by noninvasive techniques, the recent claims that
bone-seeking radiotracers provide a simple and effective means for the
in vivo study of pulmonary and gastric calcification in dialysis patients
(89, 90) are of interest. Theoretically, however, binding of Tc-99m-
labeled phosphate compounds to calcium-phosphate deposits with a high
pyrophosphate content is unlikely. Furthermore, diminished uptake of
pyrophosphate and diphosphonates by these deposits has been demon-
strated in vitro (91).

Our investigation of the value of bone-seeking radiotracers in the de-
tection of pulmonary and gastric calcification in dialysis patients is pre-
sented in Section B of this thesis, together with some observations on
nonvisceral calcification.

Posttransplanthyperparathyroidism

Although the disturbed vitamin D, calcium and phosphate metabolisms
are corrected by successful transplantation, the almost inevitable hyper-
parathyroidism may become biochemically manifest and cause hyper-
calcemia and/or hyperphosphatemia. Factors which may influence the
occurrence and duration of these biochemical abnormalities include the
degree of hyperplasia and the rate of involution of the parathyroid glands,
the renal graft function, corticosteroid therapy and the state of the
phosphate stores in the body (92-98). In the past, the prevalent opinion
was that involution of the parathyroid glands almost always occurs after
a successful transplantation, that marked persistent hypercalcemia is
rare and that the vast majority of patients will become euparathyroid
within 6 to 18 months without having to resort to parathyroidectomy
(51, 92, 93). Although autonomous parathyroid hyperfunction is rare
(51, 92-55), more recent studies have shown that hyperparathyroidism,
often occult, is more frequent and probably of longer duration than
previously anticipated (94-98).

The incidence of hypercalcemia as a manifestation of persistent hyper-
parathyroidism has been reported to range from 17 to 34% (94, 96-98).
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Elevated PTH activity, however, was found in 66% of 76 transplant
recipients (95) whereas only 6 patients (8.5%) had hypercalcemia. In
contrast, normal PTH activity has been demonstrated in patients with
hypercalcemia (96), illustrating that iPTH values should be carefully
interpreted in such patients.

Since the hyperparathyroidism is spontaneously transient in the ma-
jority of transplant recipients with adequate giaft function (a)though
this may occasionally occur years after transplantation (96)), the need
for treatment is difficult to evaluate at the present time (95). Because
phosphate depletion, due to increased parathyroid-induced urinary phos-
phate excretion and the use of phosphate-binding antacids, apparently
contributes to the development of hypercalcemia, oral inorganic phos-
phate supplementation has been recommended for the treatment of
posttransplant hyperparathyroidism (93). The administration of large
doses of phosphate, however, lowers the serum calcium concentration
thereby diminishing the rate of parathyroid gland involution and such
treatment does not appear to effectively alter the course of marked
posttransplant hyperparathyroidism (94). Furthermore, phosphate
treatment may cause or aggravate extraskeletal calcification.

Mild and transient hyperparathyroidism can be managed conser-
vatively by preventing phosphate depletion. This is usually achieved by
prescribing phosphate-containing antacids (low-dose phosphate treat-
ment). The management of marked posttransplant hyperparathyroidism
is more difficult, particularly when the question of parathyroidectomy
arises. There is general agreement that parathyroidectomy is indicated
when persistent hypercalcemia occurs in association with deterioration
of graft function (94), progressive extraskeletal — in particular vascular —
calcification (73, 92, 99) and aggravation of pre-existing renal bone
disease (51). In the absence of these complications, however, the indi-
cations for subtotal parathyroidectomy remain doubtful.

Furthermore, the available data on the effect of hypercalcemia in
graft recipients are conflicting. It has been reported that in 11 out of 90
patients hypercalcemia, even of a mild degree, led to a deterioration of
the graft function, which subsequently improved in 7 patients and sta-
bilized in 4 after subtotal parathyroidectomy (94). Others, however,
could not demonstrate a harmful effect of hypercalcemia on the graft
function at all (96, 97) or only when the hypercalcemia was severe, i.e.
wh<;n serum calcium values exceeded 13 mg/100 ml (98).

The effects of persistent posttransplant hyperparathyroidism on bone
are also a subject of controversy. Bone histologic studies have shown
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that renal osteodystrophy may regress (100, 101), as well as progress
(102), following renal transplantation. Photon absorption!etry (103)
and radiographic studies (104) have demonstrated progressive osteopenia
following renal transplantation; this has been attributed to a combina-
tion of persistent hyperparathyroidism and suppression of bone forma-
tion by steroid therapy. Steroids inhibit osteoblastic bone formation and,
in addition, contribute to the PTH-mediated bone resorption by inhibiting
intestinal calcium absorption (105). Since recent radiographic studies
have shown a slow but progressive resolution of hyperparathyroidism
after transplantation while osteopenia progressed (104), it may be
assumed that the osteopenia results mainly from the steroid therapy.

The persistence of hyperparathyroidism has also been suggested as a
factor in the pathogenesis of avascular necrosis of bone (96, 106) but this
hypothesis is not supported by the results of other studies (104, 107).
Osteonecrosis is thought to result from steroid treatment and a statisti-
cally significant relationship between steroid dosage and the develop-
ment of osteonecrosis has occasionally been demonstrated (108). The
most recent studies, however, failed to establish such a relationship (104,

109, 110).
In view of the conflicting data presented in the literature on the po-

tential complications of posttransplant hyperparathyroidism, it is at
present not clear whether parathyroidectomy is also indicated for patients
with evident hyperparathyroidism in the absence of the complications
described. Progressive and fatal vascular calcification in one of our graft
recipients-with marked hyperparathyroidism, whereby the latter was not
treated surgically until the disease was in an advanced stage, accentuated
the problem of parathyroidectomy for patients (as yet) without such
complications. This case history and our observations on the clinical
significance of posttransplant hyperparathyroidism are presented in
Section C of this thesis.
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Chapter II

INTRODUCTION

The purpose of the introduction to this section is to provide the
reader, who is unfamiliar with bone scintigraphy, some information on

, the essentials of this diagnostic procedure. Relevant problems encoun-
I tered in patients with renal failure will be discussed briefly. The data for
j the fundamentals of bone scintigraphy are derived from textbooks (1-3).
! Bone scintigraphy, like other procedures of nuclear medicine, involves
1 the administration of a radiopharmaceutical which will accumulate to a

sufficient degree in the desired organ (i.e. the skeleton) and a radiation
'•• detection system of adequate sensitivity and resolution to display, by
' means of external electronic instrumentation, the radioactivity distribut-
: ed in that organ. The term radiopharmaceutical emphazises the essential

characteristics that it contains a radionuclide as an integral part and also
j that it is a medicinal product and therefore must be suitable for adminis-
j tration to humans. Thus, the radiopharmaceutical must be of high phar-
; maceutical quality, must trace a particular organ of interest (it is there-
| fore often termed a radiotracer) and must have suitable radionuclide
] properties as far as radiation emission and physical and biological half-
i life are concerned.
; Radionuclides, i.e. nuclides which do not have a stable combination of
i neutrons and protons in the nucleus of the atom, disintegrate to reach a

stable state. This proces of disintegration of an unstable (mother) nuclide
to a stable (daughter) nuclide is called radioactive decay. The period
within, on the average, one-half of the atoms will disintegrate is called
the physical half-life of the radionuclide. The amount of radioactivity
emitted is measured in terms of the disintegration rate, i.e. the number
of decays which occur in a unit time. The commonly used unit of radio-
activity (officially nowadays the Becquerel*) is the Curie (Ci), which
indicates the amount of radioactive material in which 3.7 x 1010 dis-
integrations take place per second (= 1 Ci).

*One Becquerel (Bq) is equal to one disintigration per second.
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Most of the radionuclides undergo decay by emitting beta and gamma
(electromagnetic) radiation. For diagnostic purposes, however, the radio-
nuclide should emit only gamma rays since the emission of beta particles
contributes heavily to the radiation dosage without participating in
image formation. The gamma rays (photon beams coming from the
nucleus of the atoms) must be of sufficient energy to avoid unduly ab-
sorption in the body. This radiation energy is usually expressed in elec-
tron volts (eV) and should range between 100 and a maximum of 500
keV (preferably 100-200 keV). High-energy gamma rays produce poorly
resolved images due to the necessity of using so-called high-energy
collimators. On the other hand low-energy gamma rays will not be suf-
ficiently absorbed by the detector of a gamma camera due to the fact
that the half-value thickness (i.e. the thickness of material which will
reduce the intensity of a photon beam to half its original value) in tissue
is less than 4 cm for gamma rays below 100 keV. Moreover, such radio-
nuclides must have a short physical half-life and/or biological half-life
(the time required for the body to eliminate one-half of the radioactive
material). Since both half-lifes have to be taken into consideration, the
resultant effective half-life must be longer than the duration of the diag-
nostic procedure and yet be such that the minimum "radiation absorbed
dose" (rads) is administered. In addition to these requirements for radio-
nuclides, i.e. only gamma radiation emitted at a specific energy level and
a short effective half-life, they must also be readily available and prefer-
ably at a low cost.

For many imaging procedures in nuclear medicine, including bone
scintigraphy, technetium-99m (99mTc) comes close to fulfilling the re-
quirements for the "ideal" radionuclide. 43mTc (atomic number 43,
atomic weight 99) is the daugther radionuclide of molybdenum-99
("Mo) which, in contrast to most daughter radionuclides of other ele-
ments, is left in the exited state with a relatively long half-life of six
hours. To reach the ground state " T c , " m T c emits only gamma radia-
tion. Such long-lived exited daugther nuclides are referred to as being
in a "metastable" state, which is designated by the use of the super-
script of suffix m. " m Tc produces a low radiation dose per mCi (skeletal
radiation dose: 0.05 rad/1 mCi) and has the optimum radiation energy
(140 keV) which provides high resolution imaging with modern nuclear
medicine equipment. Furthermore, it has a suitable half-life (6 hr) and
has become readily available with the advent of radioactive generators.
Such generators, often referred to as "radioactive cows", contain radio-
active molybdenum-99 (and hence Tc-99m). " M o has a long physical
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half-life of 67 hours. " m T c can be separated from the "Mo-" m Tc mix-
ture by elution ("milking the cow"); the elute contains " m T c as sodium
pertechnetate (Na+99m TcO^).

Pertechnetate (TCO4) does not concentrate in bone. It accumulates
and is secreted in the stomach (probably due to its similarity to chloride).
Pertechnetate also accumulates in — and is secreted by — the salivery
glands. In the thyroid, pertechnetate is trapped (like some other anions
such as perchlorate), probably due to its similarity to the iodide ion.
Since pertechnetate is not further processed (in contrast to iodide which
is organified) it is subsequently released from the thyroid gland. Thus,
sodium pertechnetate can be used as a scanning agent for the thyroid and
salivery glands as well as the stomach and intestines. It is also used for
brain and kidney scanning.

When " m T c is employed for bone scanning, it has to be bound to
phosphorus-containing bone-seeking agents. Since the first utilization of
" m Tc-labeled phosphorous compounds in 1971 (4), a considerable
amount of data have been published concerning the use of " " ^ - p h o s -
phorous agents in bone scintigraphy. The phosphorous compounds gener-
ally used are shown in Figure 1. Since no fundamental differences
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Fig. 1. Structural formula of the phosphorous based bone-seeking agents.

appear to exist between the pharmacologic properties and kinetics of
bone accumulation of the different Tc-phosphorous compounds, we
used "mTc-HEDP (1-hydroxyethylidene 1, 1-diphosphonate) for our
studies since its blood clearance rate is more rapid than that of poly-
phosphate and pyrophosphate (Fig. 2). For the preparation of this
99m Tc-diphosphonate complex, special radiopharmaceutical "kits"
are now available. For the preparation of "mTc-HEDP, the Osteoscan®
kit (Proctor and Gamble Company, USA) was used. The kit consists of
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Fig. 2. Comparison of blood clearance rates in human volunteers of9 9 m-Tc complexed to phos-
phates and phosphonates.
From G. Subramanian (7).

vials each containing a sterile freeze-dried mixture of disodiumEtidronate
(HEDP) and stannous chloride. When sterile " m Tc is transferred asep-
tically from the generator (Byk-Mallinckrodt, Holland) to the vial, the
contents of the kit vial dissolves in the " m Tc solution. The pertechnetate
(TcCXi) is reduced by the stannous ions to a cationic species (Tc3+ and/
or Tc4 + ) which can then combine by chelation with the HEDP.

For bone imaging studies with "mTc-labeled phosphorous com-
pounds the recommended adult dose is 10-15 mCi. The blood clearance
of these bone-seeking radiotracers is affected primarily by bone and
kidney. After intravenous injection, the radiotracer clears rapidly from
the blood, which represents the distribution of the tracer between blood
and the extracellular fluid. During the initial passages through bone, the
majority of the tracer is rapidly extracted by the skeleton; this is followed
by a slower phase of bone uptake which is attributed to "metabolic
activity". Three hours after injection, an estimated 40-50% of the in-
jected dose has been taken up by the skeleton, about 50% has been ex-
creted by the kidneys and about 5-10% remains in the blood. Within 6
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hours, this so-called circulating radioactivity is generally less than 5% of
the administered dose.

As will be discussed in the following chapters in this section, the
mechanism of the uptake of 9 9 m Tc-labeled phosphorous agents in bone
is not precisely known. The most widely accepted view of the mode of
action is that these agents react through the phosphorus group by ad-
sorption onto the calcium of hydroxyapatite and growing calcium-phos-
phate crystals at sites of mineralization, a process referred to as "chemi-
sorption". Factors affecting the exchange or adsorption of bone-imaging
agents are the rate of bone (mineral) turnover, and possibly vascularity,
although the latter is a factor of minor significance (5). Regions of high
bone turnover are known to be associated with a large surface area
available for exchange and adsorption and these sites are also the foci of
high enzyme activity, such as alkaline and acid phosphatase, as well as
of increased organic bone matrix formation secondary to osteoblastic
activity. Evidence that tracer uptake is influenced by high enzyme activity
and an increased amount of organic bone matrix (immature collagen) has
been presented but this evidence is at present not considered conclusive
(6).

Since the " m Tc-labeled bone-seeking agents require several hours to
clear the blood, the bone scans are usually made about 2-4 hours (usually
3 hours) after administration when a good target-to-nontarget (bone—to—
soft-tissue) ratio exist. Two different types of imaging devices are gener-
ally used; rectilinear scanners, which are moved over the body, and
gamma cameras, stationary devices that visualize larger areas of the body
in only a few minutes. For our studies, a large-field gamma camera
(Toshiba 202) was used. With a gamma camera, the distribution of the
radioactivity in the patient is recorded by a large stationary detector
which consists of a collimator, a scintillation crystal and photomultiplier
tubes. Photons produced within the patient by radioactive disintegration
travel in all directions but only those going upward towards the scintilla-
tion crystal are involved in image formation. The collimator, which is a
lead plate with numerous holes, only allows gamma radiation to enter
the crystal if it originates from points in the body below the collimator.
Above the collimator is a scintillation crystal, a device which converts
the energy of the gamma ray photon into a flash of light. Photons
which pass through the collimator strike the crystal thereby produ-
cing light flashes within the crystal at points corresponding to the
collimator holes. Above the crystal of the gamma camera used, a total
of 30 photomultiplier tubes are positioned. Each of these high vacuum
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photoelectric cells contains a built-in amplifier to increase the electrical
current produced by the light incident upon the photoelectric cell.
These electrical impulses are then further amplified and coupled to a
cathode ray oscilloscope. Each signal is analyzed after amplification
in a pulse-height analyzer which enables the scattered gamma rays
to be separated from unscattered gamma rays. This improves the so-
called geometric resolution, i.e. the separation of adjacent radiation
sources. The output of the pulse-height analyzer triggers the cathode-ray
tube and the electron beam shown on the screen then corresponds to the
flash location in the scintillation crystal. The light spots on the oscillos-
cope screen are recorded on polaroid film and/or X-ray film. The time
necessary to obtain an adequate image depends on the area to be studied
and on the count rate, i.e. the number of counts (light spots) collected
per second which, under normal circumstances is proportional to the
dose of radioactivity administered. Either a preset time may be chosen
to collect a sufficient number of counts for a high quality image or a
preset number of counts may be used for this purpose. With the current
large-field gamma cameras with a 35-40 cm field, a whole-body compos-
ite image can be obtained with 8-10 static images. Depending on the dose
administered and the technician's skill a whole-body image study 3 hours
after injection takes about 40-60 minutes. In addition to obtaining im-
ages, the radioactivity in a certain region can be quantitated by dividing
the preset number of counts by the time (seconds) required to obtain
that number of counts. Thus, if it takes 400 seconds to collect 200,000
counts (200 kilocounts) the counting rate for such a region is 0.5 kilo-
count/second (kC/sec). Detailed quantitative analysis of the radioactivity
accumulated in the skeleton is, however, not possible with a gamma
camera unless a computer is used.

From the above mentioned data on the biological behaviour of the
99m Tc-phosphorous compounds it follows that, in patients with renal
failure, the lack of radiotracer excretion by the kidneys will lead to the
retention of nearly twice the amount of radioactivity found in normals
after 3 hours. The retained radioactivity, however, does not appear to
accumulate in the skeleton to a significant extent, provided severe bone
disease is absent. This observation appears at odds with the well-known
fact that an increase in radiotracer dose results in an increase in skeletal
radiotracer uptake due to the tremendous surface area of the skeleton
which is available for radiotracer uptake. This discrepancy could possibly
be explained by assuming that the uptake of tracer by bone depends
primarily on the initial peak concentration of the tracer in the bone ex-
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tracellular space. If most of the tracer adsorption to the bone surface
occurs within the first 30 min of the injection, the concentration in the
extracellular bone fluid will subsequently decrease as the tracer is absor-
bed by bone and, in normals, excreted by the kidneys. Due to the relativ-
ily higher concentration at the bone surface, bone might then behave as if
it were saturated with the tracer. Although hypothetical, the fact remains
that an additional dose of radioactivity will further increase bone uptake
whereas a continuously elevated circulating radioactivity, such as occurs
in the absence of renal radiotracer excretion, apparently does not cause
additional bone uptake to an appreciable extent. Hence, patients with
renal failure generally demonstrate a markedly elevated circulating radio-
activity up to 6 hours after injection and normal circulating radioactivity
levels occur in such patients only when severe bone disease, and there-
fore pronounced bone uptake, is present. This markedly increased bone
uptake, which occasionally produces a so-called "superscan" of high
contrast, appears to occur very soon after injection of the tracer. As
illustrated by the blood radioactivity clearance curves for several of our
dialysis patients and normals shown in Figure 3, initially the clearance of
tracer from the blood is clearly greater in patients than in normal con-
trols. This phenomenon can only be attributed to a more rapid initial
uptake of the tracer by the diseased skeleton since it occurs in the ab-
sence of renal excretion and before hemodialysis is started. The obser-
vations that the initial blood radioactivity clearance in our dialysis pa-
tients with bone disease is more rapid than in normals but that circulating
radioactivity is invariably elevated at scintigraphy in less severe cases of
renal osteodystrophy suggest that the additional tracer uptake in the
skeleton, presumably after about 30-60 min, is low.

Thus, in most patients with renal failure, bone scintigraphy is com-
plicated by an increased soft-tissue activity. The resultant diminished
bone-to-soft-tissue contrast markedly lowers the quality of the scan.
Also, the radioactivity retained in the body prevents the comparison of
quantitative analysis of the radiotracer uptake in the skeleton with that
found for normals.

We attempted such studies after lowering the circulating radioactivity
by means of hemodialysis. Since the percentage of phosphorous com-
pounds still circulating in normals after 6 hours is 10% or less (Fig. 2),
we tried to achieve these levels of circulating radioactivity in our patients
before scintigraphy. Blood clearance rate studies in 8 normal volunteers
showed that the mean (± SD) dose of circulating radioactivity after 3
hours was 10 ± 3% and after 6 hours 5 ± 2% of the initial peak circulating
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Fig. 3. Range of blood clearance rates of " m T c HEDP for 5 normals and 8 dialysis patients.
Only the highest and lowest curves for the two groups are shown.

activity measured. In the 30 dialysis patients studied initially we found
that, when these patients were dialyzed from 15 min to 5 hours after the
tracer injection, the circulating radioactivity could be markedly reduced
(Fig. 4). After 3 and 6 hours, the radioactivity levels were only slightly
higher than those found for the normals, i.e. 11.5 ± 5% and 7 ± 3%, res-
pectively (radioactive decay taken into account for both groups). Five
hours after the tracer injection, clearance of the tracer by the artificial
kidney still occurred although at that time it was negligible, i.e. less than
10 ml/min. Since this dialysis technique appeared effective in lowering
soft-tissue activity to (near) normal levels, it was subsequently used for
all patients studied and the quantitative scintigraphic analysis (this
technique is described in the following chapters) was performed 6 hours
after the injection.

Other problems associated with studies comparing quantitative scinti-
graphic data for individuals concern differences in skeletal tracer uptake
due to age as well as differences in the half-value thickness of soft-tissue
due to varying size and habitus. A further problem concerns the dose of
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Fig. 4. Example of a bone scan without (A) and with (B) prior hemodialysis.

radioactivity administered. When a standard dose of the tracer (e.g. 10
mCi) is administered or when the dose is adjusted only to bodyweight,
gross variations may occur in the quantitative data obtained for persons
who differ markedly in skeletal- and body mass. Probably the "best of
the worst" solution is to adjust the dose to bodyweight, e.g. to administer
10 mCi per 70 kg ("Reference Man") bodyweight and to correct the
radioactivity measured to a theoretical 10 mCi dose. Unavoidable inac-
curacies in comparing the quantitative data thus obtained for patients
and normal controls can to some extent be limited by selecting a repre-
sentative control group. For our studies, the controls were age-matched
and included persons with a weight in the 45-100 kg range and a height
ranging between 1.5 and 2 m.

Taking these shortcommings into account, we initially considered the
quantitative data (dose corrected for 10 mCi) obtained for the patients
and the normal controls well comparable since the circulating radio-
activity in the patients could be reduced to 10% or less. The reduction of
the soft-tissue activity to (near) normal levels, however, resulted from a
combined effect of dialysis and increased uptake in the diseased skeleton
and in the course of our studies it became apparent that circulating
radioactivity could not be normalized in patients with minimal bone
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disease, i.e. a minimal uptake of the tracer in bone. This problem has not
yet been solved, partly because the nature of our studies is such that
repeated examination of these patients is not feasible since they are also
frequently subjected to other radiodiagnostic procedures. Incidental
observations suggest that the problem of elevated circulating activity,
when present, is not solved by using methylene diphosphonate (MDP),
which has a slightly more rapid blood clearance rate than HEDP (Fig. 2).
Also, the use of other types of artificial kidneys did not yield a greater
reduction of the soft-tissue activity than the parallel-plate kidney used
throughout our studies. This problem, however, can to some extent be
overcome by using a computer to exclude a major part of the soft-tissue
activity otherwise measured.

The above mentioned data suggest that the quantitative scintigraphic
results obtained in dialysis patients with minimal renal osteodystrophy
are not reliable since they may have been positively influenced by an
elevated circulating radioactivity. Although the precise influence of the
latter on the quantitative data could not be determined, several observa-
tions indicate that this elevated soft-tissue activity does not contribute
to the quantitative skeletal data to a major extent. Quantitative bone
scintigraphy, performed in at present two patients with acute renal fail-
ure and a normal skeleton, showed that the total skeletal activity (TSA)
exceeded the normal range (2.6-4.1 kC/sec) by a maximum of 1 kC/sec.
Assuming that the upper limit of the normal range would be 5.1 kC/sec,
i.e. taking the maximum of elevated soft-tissue activity into account, the
TSA for over 90% of our chronic dialysis patients studied exceeded this
value as well. Furthermore, if the dialysis patients studied demonstrated
elevated soft-tissue activity at scintigraphy, the TSA was relatively low
as compared to patients with normal or low circulating activity, who
generally showed a markedly increase in the TSA. Quantitative bone
scintigraphy, performed in 15 patients with recent renal transplants and
good graft function (mean ± SD serum creatinine 98 ± 23 /rniol/1),
demonstrated an elevated TSA in 14 of these patients in the absence of
elevated soft-tissue activity (Fig. 5). These data also indicate that the
quantitative results obtained in patients with renal bone disease are pre-
dominantly governed by the degree of skeletal pathology.

The studies presented in this section concern the potential value of
quantitative bone scintigraphy in the diagnosis of renal osteodystrophy.
Despite the inevitable problems associated with the comparison of quan-
titative data between dialysis patients and normal controls as discussed,
an attempt was made to assess the diagnostic sensitivity of quantitative
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bone scintigraphy as compared to qualitative bone scintigraphic, bio-
chemical, radiographic and bone histologic studies. The second aim of
these studies was to determine if one of the two major components of
renal osteodystrophy, i.e. osteomalacia or the effects of hyperparathyr-
oidism on bone, is a major determinant for radiotracer uptake in the
skeleton of patients with chronic renal failure.
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SUMMARY

Bone scintigraphy with Tc-99m HEDP was performed in 30 patients
on maintenance hemodialysis, and the results of quantitative analysis
were compared with those of a normal group. To permit this comparison,
elevated background activity due to the absence of renal radiotracer ex-
cretion was reduced by hemodialysis to levels found in the normals. His-
tologic proof of renal osteodystrophy had been obtained in all patients.
The incidence of radiographic abnormalities was 46%, whereas abnormal
scans were found in 25 patients (83%); skeletal lesions were also more
pronounced and detected earlier. However, even when the scans appeared
normal, the quantitative analysis showed increased skeletal activity in all
patients. The total skeletal activity proved to be a good index of the
severity of renal osteodystrophy and appeared dependent on both osteo-
malacia and hyperparathyroidism. These findings show that bone scinti-
graphy is a sensitive method for detecting skeletal involvement in renal
osteodystrophy.

INTRODUCTION

Typical bone changes in uremia, such as osteitis fibrosa, osteomalacia,
and sometimes osteosclerosis (1, 2), are commonly referred to as renal
osteodystrophy. Two main pathogenic mechanisms have been identified:
disordered vitamin D metabolism (3) and secondary hyperparathyroidism
(4, 5). Diagnosis is generally based on biochemical, histologic, and radio-
graphic findings (6). Biochemical data provide information about the
hyperparathyroid state (7, 8) but are of limited diagnostic value. Micro-
scopic bone studies allow more specific recognition of bone abnormalities
than current radiographic methods, although the latter can be improved
with magnification techniques (9).

Recently, abnormal bone scans in patients on maintenance hemodialy-
sis have been reported (11-14). Qualitative studies showed increased
skeletal activity, often before the radiographic changes (11, 12). At
present, the only quantitative data available concern bone-to-soft-tissue
activity ratios in the distal femur, which were significantly increased in
dialysis patients (13, 14). This increase in skeletal activity in renal osteo-
dystrophy has been attributed mainly to osteomalacia (13-15) or to
hyperparathyroidism (11).
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However, bone scintigraphy in uremic patients is complicated by de-
layed or absent renal radiotracer excretion, which may lead to increased
skeletal uptake and elevated soft-tissue levels (12, 18). In our experience,
increased background radioactivity occurs in uremic patients and often
results in a scan of inferior quality after 2-3 hr, except in those patients
in whom skeletal uptake is markedly increased due to severe osteodys-
trophy. We attacked this problem by using hemodialysis to lower the
activity of circulating radiotracer to normal — or near normal — levels
before we collected quantitative data. This paper presents the results of
such studies in normal controls and patients with histologically proven
renal osteodystrophy.

MATERIALS AND METHODS

Thirty patients (21 males and nine females) on maintenance hemo-
dialysis were studied. The median age was 37 yr (range 15-58 yr), the
median dialysis duration 41 mo (range 4-101 mo). Creatinine clearance
was below 5 ml/min in all patients; nine patients had been nephrectom-
ized. Subtotal parathyroidectomy had been performed in five patients.
All patients were treated with phosphate-binding antacids. Seven patients
were on low doses of dihydrotachysterol (0.2 mg daily). Before scinti-
graphy, the relevant biochemical, radiographic, and histologic investiga-
tions were performed. Parathyroid hormone data were excluded from
this study. A radiographic skeletal survey, performed without the use of
magnification techniques, included the skull, chest, spine, hands, feet,
and pelvic region. Findings were arbitrarily graded as: normal (0), mild
(+), and markedly abnormal (++). Biopsy specimens of bone from the
iliac crest were taken in all patients, embedded in methyl-methacrylate
and stained, as previously reported (10). Bone histologic findings were
semiquantitatively scored and graded as normal (0), mild (1), moderate
(2), and severe (3), for both osteitis fibrosa and osteomalacia. Bone re-
modelling was graded according to the bone surface area covered with
active osteoblasts and osteoclasts. Osteoid excess was graded according
to the width of the osteoid seams in relation to the presence of osteo-
blastic lining.

AH patients and eight normal volunteers (median age 35 yr, range
22-52 yr) were given 10 mCi Tc-99m HEDP per 70 kg body weight.
Peak circulating activity was found between xh and Vh min after i.v.
administration. Serial blood samples (1 ml) were collected at regular in-
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tervals in both groups and counted after 5Vi hr. For the patients, dialysis
was started 15 min after administration of the radiotracer and continued
for 4% hr. At the end of this period, circulating activity in all patients
was less than 10% of the initial peak values, radioactive decay taken into
account. An RP6 HP (acrylonitrite membrane) artificial kidney connec-
ted to a single-patient unit was used throughout. An example of the
method used is shown in Fig. 1. Reproducibility, evaluated in two patients
and two normals, was well within the statistical error.
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Scintigraphy was performed after 6 hr with a large-field gamma camera
provided with two sealers and controls to register counts in selected
regions of interest. Images were obtained by standard positioning of all
skeletal parts under the detector, as shown in Figs. 4, 5 and 6. Because a
computer was not available, quantitative data were collected by regis-
tering count rates in both groups within standardized areas over the
skeletal regions of interest mentioned below. Bladder activity, if present,
was taken into account. The kilocounts (kC) of radioactivity registered
in these regions were: head region, 200 kC; chest region, 300 kC; spine,
80 kC; pelvic region, 350 kC; hip region, 250 kC; thighs, 75 kC; knee
region, 75 kC; lower legs, 50 kC; ankles and feet, 25 kC; and hands,
25 kC. The activity in the lower extremities was registered separately.
Only spine and hand activities were not registered in all patients. The
counting rate per selected region was measured, expressed as kC/sec and
normalized to a dose of 10 mCi Tc-99m. In both groups, the sum of
the activity rates counted in the head region (noted as skull), chest
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Fig. 4. Example of bone scan graded as normal.

Fig. 5. Example of bone scan graded as mild (upper limit). Note activity in femoral arteries,
suggestive of arterial calcification. Radiographs also showed calcified arteries.
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Fig. 6. Example of markedly abnormal bone scan, showing diffuse increased activity accumula-
tion in all skeletal parts.

region, pelvic and hip region, and lower extremities was taken as an
index of the total skeletal activity. Although detailed quantitative
skeletal information could not be obtained without a computer, and the
quantitative data collected represent the radioactivity in the entire region
of interest including soft tissues, unavoidable inaccuracies were mini-
mized by using standardized regions of interest in both groups and re-
ducing soft-tissue activity in the patients by means of hemodialysis.

Qualitative scan findings were arbitrarily graded on a double-blind
basis. The degree of abnormal skeletal uptake was assessed from the total
of the nine selected regions (excluding that of the hands) showing in-
creased activity. Zero or near-zero increases were graded as normal (0),
an increase in less than six regions as mild (+), and in more than five
regions as marked (++).



50

RESULTS

Table 1 shows the clinical, biochemical, radiographic, histologic, and
scintigraphic findings. Histologically increased bone remodelling and/or
excess osteoid was found in all 30 patients. Twenty-seven of these pa-
tients (90%) showed a combination of osteitis fibrosa and osteomalacia.
In Figs. 2 and 3 examples of the various grades of bone microstructure
are shown. Serum alkaline phosphatase was elevated in 23 patients (76%)
and correlated with the degree of osteitis fibrosa (r = 0.71, p < 0.001).
Radiographic abnormalities were found in only 14 patients (46%) and
were graded "marked" in only five.

Qualitative analysis revealed abnormal scans in 25 patients (83%), with
a markedly diffuse and increased activity in 14 (47%). Only one false-
negative scan was obtained. Examples of scans graded as normal, mild,
and markedly abnormal are shown in Figs. 4, 5 and 6. The incidence of
increased activity in the different skeletal regions of interest was: head
region, 60% (skull 50%; mandibles, 56%); chest region, 50%; spine, 50%;
pelvic region, 46%; hip region, 60%; thighs, 60%; knees, 70%; lower legs,
50%; ankles, 56%; and hands, 46%.

Circulating activity in the two groups at the time of scanning was com-
parable: less than 10% of the initial activity recorded in both the patients
and the controls. In the patients, circulating activity varied, depending
on the dose administered and the degree of skeletal disease. Patients with
severe osteodystrophy had high skeletal activity and lower levels of cir-
culating activity than normals, and vice versa, which indicates that soft-
tissue activity did not play a large role in the skeletal activity registered.
However, the observation that circulating activity in the patients with
mild osteodystrophy was generally slightly higher than in the normals
suggests that the excretion of the tracer under hemodialysis was less ef-
fective than the normal renal excretion.

Quantitative data obtained in both groups are shown in Figs. 7 and 8.
The upper limit of the total skeletal activity in normals (Fig. 8) did not
exceed 4.1 kC/sec (range 2.6-4.1, mean 3.07 kC/sec).

Increased activity was recorded in almost all skeletal regions of the
patients investigated (Fig. 7), even when the scans appeared normal
(Table 1). In the latter group, serum alkaline phosphatase levels were
near normal, bone microstructure showed only mild osteodystrophy, and
the total skeletal activity was less than 7 kC/sec. Qualitatively abnormal
skeletal uptake was observed only when the total skeletal activity ex-
ceeded 6 kC/sec (Fig. 9). Marked qualitative scan abnormalities were



Table 1. Clinical, biochemical, histologic, radiogtaphic, and scintigraphic data

Patient
No.

1
2
3
4
S
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

Sex
&age
(yr)

normal values:

M 57
F 40
M 57
M 52
M 51
M 28
M 35
F 32
F 35
M 28
F 36
M 30
M 42
M 38
F 37
F 40
M 29
M 48
M 30
F 48
M 23
F 22
M 52
M 58
F 37
M 31
M 42
M 33
M 45
M 15

Total
dialysis
duration

(mos)

93
22
23
59
45
62
65
35
39
71
73

101
46
32
41
17
39
46
71
11
23
41
36
31
77
28
77
41

4
9

Px*

+
_
-
+
_
-
+
-
_
_
_
+
-
_
-
_
_
—
—
—
—
_
-
_
+
_
_
—
—
-

Ca*
mmol/1

2.25-2.65

2.37
2.32
2.41
2.03
2.16
2.24
2.21
2.30
2.80
2.33
2.21
2.52
2.16
2.20
2.01
2.34
2.14
2.25
2.23
2.39
2.33
1.90
2.39
2.36
1.93
2.30
1.92
2.24
1.92
1.77

PO*
mmol/1

0.8-1.45

1.38
2.27
3.12
3.17
3.07
2.00
1.26
2.84
3.02
1.39
1.76
2.42
2.35
2.31
1.06
1.67
2.05
3.13
1.28

:

.74

.71

.57

.97

.36

.78

.73
1.62
.39

1.94
1.69

A.P.*
U/1B.

<60

68
81
29
86
73

173
57
67

212
76
80
80
79
45

213
93

192
69

137
65
48
89
60
44
35

240
202
147
56

660

Bone
histology

O.F.* O.M.*

1
2
1
2
1
3
0
2
3
3
2
1
1
1
2
1
3
1
2
1
2
2
1
1
1
3
3
1
1
3

0
2
2
2
0
1
3
2
2
1
1
3
2
1
3
2
2
2
3
1
3
3
1
2
2
2
3
1
1
2

X-ray
changes

0
0
0
+
0
+
+
0

++
+
+

++
0
0
+
0
+
+

++
0
0
0
0
0
0

++
+
0
0

++

Scan
uptake

+
++

0
++

+
++

+
+

++
++
++
++

+
+

++
+

++
0

++
0
+

++
0
+
+

++
++

+
0

++

Total
skeletal
activity
kC/sec*

2.64.1

7.21
8.92
6.87
7.98
7.39
9.29
7.83
7.69
9.29
9.63
8.59

11.38
6.33
6.10
9.36
6.69
9.07
6.89
8.82
5.72
7.21
8.03
5.81
6.93
7.77
9.83
8.82
8.17
6.94

10.70

•Abbreviations used: Px = subtotal patathyroidectomy. Calcium and phosphate = mean of five consecutive predialysis values. A.P. = alkaline phos-
phatase(U/lBessey), value at time of scan. O.F. = osteitis fibrosa. O.M. = osteomalacia. kC/sec = kilocounts/sec. Histologic, radiographic and scinti-
graphic grading: see Materials and Methods.
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Fig. 2. (A) Part of a bone biopsy section, showing large part of bone surface covered with osteo-
blasts and osteoclasts. A similar amount of bone turnover was found in all microscopical fields.
(B) Higher magnification shows that only part of bone surface is covered with osteoblast seams,
remainder being covered with flattened endosteal cells (top). Example of osteitis fibrosa grade II.
Methacrylate, 2 pm, Gallamine-Giemsa, x 100 (A) and x 450 (B).

m

Fig. 3. Left: Example of osteomalacia, grade I. Part of bone biopsy section showing increased
amounts of osteoid (black) associated with osteoblast seams. Whole bone surface in all micro-
scopical fields was covered with osteoblasts and osteoclasts (osteitis fibrosa, grade III). Right:
Osteomalacia, grade III. Note increased amounts of osteoid, not associated with increased bone
turnover. Methacrylate, 2 /urn, Goldner stain, x 100 (left) and x 450 (right).
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Fig. 7. Quantitative data obtained in selected regions of interest in both groups, expressed as
kC/sec corrected for 10-mCi Tc-99m HEDP dose.

noted when the total skeletal activity exceeded 8 kC/sec. In this group
marked osteodystrophy was confirmed with conventional methods
(Table 1). Radiographic abnormalities were seen when the total skeletal
activity exceeded 7.5 kC/sec and were marked at levels above 8.5 kC/sec
(Fig. 9). The highest skeletal activity was recorded hi Patient 12, who
had been on dialysis for almost 9 yr and had severe pulmonary calcifica-
tion, visible on the scan and confirmed by open lung biopsy. Subtotal
parathyroidectomy had been performed in this patient, but only two
parathyroid glands were removed. In the remaining four patients, all of
whom had been parathyroidectomized before scintigraphy because of
severe osteodystrophy, the total skeletal activity was less than 8 kC/sec.
All these patients were on low doses of dihydrotachysterol.
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Fig. 8. Total skeletal activity, expressed as kC/sec corrected for 10-mCi Tc-99m HEDP dose.

After scintigraphy, subtotal parathyroidectomy was performed in all
but two of the patients with marked scintigraphic abnormalities and a
total skeletal activity above 8.5 kC/sec. Additionally, one patient (No. 8)
with a total skeletal activity of 7.7 kC/sec was parathyroidectomized.
The exceptions concerned one patient (No. 30) who had a renal trans-
plant and one (No. 26) who was inoperable. In all of the ten patients
who were parathyroidectomized, significant parathyroid hyperplasia was
found. The mean weight of the excised parathyroid tissue was 1450 mg
(normal total parathyroid weight « 120 mg). Subsequently, these pa-
tients could safely be treated with calcium and dihydrotachysterol. Five
other patients had renal transplants (Nos. 13, 16, 21, 23 and 25) and the
remaining 13 patients, who had less severe scintigraphic abnormalities,
were treated with daily oral calcium and dihydrotachysterol.

In one patient (No. 9) scintigraphy was repeated 3 wk after parathy-
roidectomy. She was clearly in a hypoparathyroid state, but identical
quantitative results were obtained.
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DISCUSSION

In all of the patients in the present study, bone biopsy specimens had
provided histologic proof of renal osteodystrophy. Serum alkaline phos-
phatase was elevated in 76% of them, and radiographic changes were
found in 46%. The low incidence of radiographic abnormalities illustrates
the insensitivity of this technique with respect to skeletal lesions in renal
osteodystrophy.

Abnormal bone images obtained with Tc-99m-labeled phosphate com-
pounds have been reported in nonuremic hyperparathyroidism and osteo-
malacia (13, 19, 20), and recently in renal osteodystrophy (11-14). In
the present study, qualitative scintigraphic analysis showed an incidence
of abnormal scans of 83%, which supports the conclusion reached by Sy
(11) and 01gaard (12) that qualitative scintigraphic analysis is superior to
conventional radiographic methods.

Rosenthall. Kaye, and Wiegmann (13, 14), who quantitated bone
uptake, found a significant increase in the ratio between distal-femur
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Fig. 10. Relationship between total skeletal activity and various grades of osteitis fibrosa and
osteomalacia.

bone and soft tissue in dialyzed patients. In the present study, quantita-
tive analysis showed increased skeletal uptake in all patients with histo-
logic evidence of renal osteodystrophy. In contrast with the qualitative
scan findings, a marked increase in skeletal activity, compared with nor-
mals, was registered in almost all skeletal regions of interest (Fig. 7).
Furthermore, scintigraphy provided more information than bone micros-
copy, since the former indicates the extent and severity of osteodys-
trophy in the whole skeleton. The advantage of quantitative over qualita-
tive scintigraphy and radiographic analysis is further illustrated in Fig. 9.
In contrast with the x-ray findings, the total skeletal activity clearly sep-
arated patients from normals and appeared to be a reliable index of the
degree of skeletal involvement. The scan findings therefore aided in the
clinical management of the patients. Those with severe scintigraphic and
histologic bone abnormalities and a total skeletal activity above 8.5
kC/sec were parathyroidectomized, and all of them clearly showed para-
thyroid hyperplasia. The remaining patients with less severe scintigraphic
abnormalities were treated conservatively.

Because detailed skeletal information could not be obtained by our
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method without computerized analysis, some caution should be exercised
in the interpretation of the results. However, our preliminary data do in-
dicate that, in renal ostecdystrophy, quantitative bone scintigraphy,
when aided by computerized analysis, offers a potentially reliable tech-
nique for the early detection of skeletal involvement and the assessment
of its severity. Since scintigraphy is a noninvasive technique and neither
the radiation dose nor the cost exceeds that of a radiographic skeletal
analysis, scintigraphy appears to be the method of choice for the routine
detection and follow-up of renal osteodystrophy. Furthermore, the in-
fluence of background activity can be minimized by reducing circulating
activity with hemodialysis. We cannot, however, completely exclude the
possibility that some extra increase in skeletal uptake occurred due to
less efficient tracer excretion under hemodialysis, thereby contributing
to lower background levels in the scans.

Unfortunately, the scintigraphic findings do not permit differentiation
between hyperparathyroidism and osteomalacia as the main cause of the
bone abnormality, and abnormal scans should therefore be supplemented
with bone microscopy. This is due to the nonspecificity of radiopharma-
ceutical bone uptake, which is a multifaceted process whose precise
mechanism of action is still not fully understood (21). Evidence has been
obtained that the binding of Tc-99m phosphate complexes occurs by
ionic exchange at crystal surface areas (22), which are greatest in imma-
ture bone where osteoid is newly deposited. Increased local vascularity
would facilitate this process (23). Furthermore, enzymatic receptor bind-
ing has been demonstrated in vitro (24), and clinical and experimental
evidence of radiopharmaceutical binding to immature collagen has been
presented (13-17).

In renal osteodystrophy, Sy (11) related increased skeletal uptake
mainly to the effects of hyperparathyroidism and found significant
regression of skeletal activity after parathyroidectomy. Rosenthall, Kaye,
and Wiegmann (13-15) attributed increased skeletal uptake to abnormal
collagen metabolism, in particular to an increased amount of immature
collagen, which they related mainly to osteomalacia. These authors
found no relationship between bone uptake and hyperparathyroidism,
and only a limited decrease in bone uptake was observed after parathy-
roidectomy (13, 14).

In the present study, a relationship between skeletal activity and the
histologic degree of osteomalacia was not evident (Fig. 10). A significant
correlation was found, however, between the total skeletal activity, serum
alkaline phosphatase (Fig. 11), and osteitis fibrosa (Fig. 10); alkaline
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Fig. 11. Relationship between total skeletal activity and serum alkaline phosphatase.

phosphatase also correlated significantly with the histologic degree of
osteitis fibrosa. These results thus strongly suggest a relationship between
skeletal uptake and hyperparathyroidism. Moreover, all parathyroidec-
tomized patients with high skeletal activity had shown parathyroid hyper-
plasia at surgery. In agreement with the findings of others (13, 14), re-
peated quantitative analysis in one of our patients did not show a decrease
in skeletal activity after parathyroidectomy. However, this decrease
occurs eventually (11, 13, 14) and would not be expected soon after
parathyroidectomy if radionuclide uptake in bone were dependent main-
ly on the amount of immature collagen. Thus, a direct parathyroid hor-
mone effect is apparently not a predominant contributory factor in bone
uptake of radiotracer but our data and those of Sy (11) do suggest that
hyperparathyroidism contributes to increased bone uptake.

In renal osteodystrophy, hyperparathyroidism and osteomalacia co-
exist. Hyperparathyroidism induces an increased rate of bone resorption
and fibroblastic and osteoblastic activity, with a resulting increase in the
formation and deposition of organic matrix. This ground substance will
subsequently fail to mature and mineralize in the absence of biologically
active vitamin D metabolites. Hence, the combination of hyperparathy-
roidism and vitamin D deficiency increases the rate of bone turnover and
collagen metabolism, and results in an excess amount of immature colla-
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gen, high enzyme activity, and presumably increased surface areas for
radionuclide bone binding.

It is suggested that such a combined state will facilitate radiotracer up-
take and binding to bone and might explain the often exceptionally high
skeletal uptake seen in renal osteodystrophy in this study.
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SUMMARY

Bone radiotracer uptake in renal osteodystrophy was investigated in
35 dialysis patients by correlating the results of quantitative bone scinti-
graphy with those of biochemical and bone morphometric studies. There
were highly significant correlations (p < 0.001) between the total skeletal
activity and the biochemical, i.e. iPTH and alkaline phosphatase, and the
histologic parameters of hyperparathyroidism. These clinical results
strongly suggest that increased bone turnover, i.e. hyperparathyroidism,
rather than osteomalacia is the major cause of increased skeletal radio-
tracer uptake in renal osteodystrophy.

INTRODUCTION

In recent years, bone scintigraphy has been recognized as a sensitive
method for the early detection and assessment of the severity of renal
osteodystrophy in dialysis patients (1-7). The chief limitation of this
method, however, is the inability to distinguish which of the two major j
components of renal osteodystrophy, i.e. secondary hyperparathyroidism \
and osteomalacia (8), is the main cause of the increased skeletal radio- j
tracer uptake. This is a subject of controversy (1,4) since the mechanism
of radionuclide uptake in bone is not precisely known (9) and quantita-
tive studies correlating bone radiotracer uptake with bone histomorpho-
metry have not been performed in renal osteodystrophy.

This report concerns such studies in 35 patients on regular hemodia-
lysis.

MATERIALS AND METHODS

The relationship between quantitative bone scintigraphy, bone mor-
phometry and biochemical analysis was investigated in 23 males and 12
females. The median age was 39.7 yr (range 15-60 yr), the median dura-
tion of dialysis 28 mo (range 4-77 mo). All patients were treated with
phosphate binders. 15 were on low doses of dihydrotachysterol and 12
patients received oral calcium supplements. None underwent subtotal
parathyroidectomy.

Bone scintigraphy was performed as previously described in detail (5).
The scans were obtained 6 hr after the intravenous administration of



64

10 mCi 99mTc-hydroxyethylidene disphosphonate (HEDP) per 70 kg
bodyweight. Before scintigraphy, the patients were dialyzed for about 5
hr to lower the often elevated background activity to normal or near
normal levels. Quantitative data were collected by registering count rates
within standardized areas over selected regions of the skeleton and ex-
pressed as kCount/sec (kC/sec), normalized to a dose of 10 mCi 9 9 mTc.
The sum of the activity rates, excluding those of the upper extremities,
was used as an index of the total skeletal activity (TSA). Normal values
(range 2.6-4.1, mean ± SD 3.4 ± 0.5) were obtained from 10 age-matched
controls.

Iliac crest bone biopsy specimens about 2 cm long and 2 mm wide
were obtained with a Jamshidi needle which causes the least discomfort
to the patients (10). The biopsy specimens were embedded in methyl-
methacrylate and undecalcified sections were stained, as described else-
where (11). The histologic sections were projected with a Leitz micro-
projector onto a Tektronic 4953 graphic tablet, connected to a PDP 11-10
computer. The outlines of the histologic structures of interest were
traced with a cursor; the traces were simultaneously displayed on a moni-
tor for visual control. After each measurement, the perimeter and surface
area of the measured structure were printed out.

Histologic examination was independently performed by two of us,
without any knowledge of the patients. The total amount of bone in the
biopsy sections (bone volume) was measured and the amount of osteoid
(osteoid volume) was expressed as the percentage of the total bone
volume. The percentage of bone covered by osteoid (osteoid surface)
was calculated separately. Using an objective 25x, the perimeters of the
bone covered by osteoblasts (osteoblast surface) were measured and ex-
pressed as a percentage of the bone surface. Subsequently, the osteoclasts
were counted under high magnification (objective 40x) and expressed as
the total number per 10 mm2 of the bone section. Semiquantitative
estimates were given for the increase in endosteal cells on the remaining
bone surface and for the degree of fibrosis; both were expressed on a
4-point scale (0-3).

The histologic measurements were performed on the bone structure
in the total biopsy section. Cortical bone areas were not excluded from
the measurements since the distinction between cortex and spongiosa in
nontransversal iliac bone biopsy specimens is, in our opinion, too subjec-
tive for accurate use. Furthermore, most of the parameters studied were
expressed as a percentage of the perimeter of the bone, thereby reducing
the influence of thick areas of compact bone. This procedure, however,
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resulted in lower morphometric values than those obtained by others
who measured only trabecular bone (12).

Total calcium and phosphate (mean of 5 consecutive values) and alka-
line phosphatase were measured in predialysis serum by routine laboratory
methods (Technicon AutoAnalyzer, SMA). Normal values are 2.25 - 2.65
mmol/1, 0.81 - 1.45 mmol/1 and 1 5 - 6 0 U/l Bessey, respectively. Im-
munoreactive parathyroid hormone (iPTH) was measured in predialysis
serum by radioimmunoassay (13) (normal value < 0.02 - 0.2 ngEq bovine
PTH/ml).

The results of the scintigraphic, bone morphometric and biochemical
studies were compared and tested for statistical significance by calculating
the coefficients of correlation.

RESULTS

Table 1 shows the biochemical, bone morphometric and quantitative
scintigraphic results. Alkaline phosphatase and iPTH exceeded the max-
imum normal values in 21 and 19 patients, respectively. The total skeletal
activity (TSA) was elevated in all patients (range 4.58-10.77 kC/sec).
Similarly, the bone specimens of all patients showed varying histologic
features of renal osteodystrophy. With the exception of the patient with
the lowest TSA, who showed histologic signs of only osteomalacia, all
patients had some histologic features of both osteitis fibrosa and osteo-
malacia.

Table 1. Biochemical, Bone Morphometric and Scintigraphic Results*

Data

Serum total calcium
Serum phosphate
Serum alkaline phosphatase
Serum iPTH

Bone volume
Osteoid volume
Osteoid surface
Osteoblast surface
Osteoclast count
Score for fibrosis
Score for endosteal cells

Total skeletal activity

(mmol/1)
(mmol/1)
(U/l Bessey)
(ng/ml)

(% of total section)
(% of bone volume)
(% of bone surface)
(% of bone surface)
(no/10 mm2)
(grading: 0 -3 )
(grading: 0 - 3)

(kC/sec/lOmCi)

Mean +

2.31 ±
1.90 ±

101.7 ±
0.47 ±

29.3 ±
2.5 ±
8.6 ±
5.8 ±
6.2 ±
1.37 ±
2.08 +

7.52 ±

SD

0.24
0.56

86
0.52

10.1
2.7
9.4

10.1
10.5

1.08
0.85

1.68

*See Materials and Methods. No. of patients = 35
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Table 2 shows the statistical relationship between the biochemical,
bone morphometric and scintigraphic results. The correlations of serum
calcium serum phosphate and bone volume with the various parameters
of osteodystrophy are not shown since they were generally not signifi-
cant. The exception was serum total calcium which showed a low inverse
correlation (p < 0.05) with alkaline phosphatase and the osteoid surface,
respectively. An inverse correlation also existed between bone volume
and the duration of hemodialysis (r = -0.42, p = 0.01), suggesting bone
loss in the course of renal failure.

There was a significant correlation (p < 0.001) between the biochemi-
cal parameters of hyperparathyroidism, i.e. alkaline phosphatase and
iPTH, and the histologic parameters, i.e. the osteoblast surface, the osteo-
clast count, the degree of fibrosis and endosteal cell lining. Only the re-
lationships between the osteoblast surface, the grade of endosteal cells
and the osteoclast count were not significant, presumably because the
former cannot be assessed accurately in the presence of excess osteoclasts
lining the bone surface.

The correlations between the TSA and the biochemical and histologic
parameters of hyperparathyroidism were highly significant as well (p <
0.001). The correlation between the TSA and the amount of osteoid,
used as an index of the degree of osteomalacia, was statistically of lesser
significance (Table 2).

DISCUSSION

In a previous study of 30 dialysis patients (5) we demonstrated that a
quantitative assessment of the skeletal radiotracer uptake, expressed as
the total skeletal activity (TSA), is a sensitive method for detecting the
presence and severity of renal osteodystrophy. Although a nonspecific
indicator of bone involvement the correlation found between the TSA
and the histologic degree of osteitis fibrosa, as assessed by semi-quantita-
tive analysis, suggested a relationship with hyperparathyroidism. Marked
parathyroid hyperplasia was subsequently confirmed in 10 patients with
a high TSA who underwent subtotal parathyroidectomy.

In the present study, we extended our observations in this respect by
correlating the TSA with the results of quantitative bone histology and
the biochemical indicators of hyperparathyroidism. These investigations
covered 23 of the 30 patients originally studied (excluded were five para-



Table 2. Correlations* between Biochemical, Bone Morphometric and Scintigraphic Results**

iPTH

Osteoid
volume

Osteoid
surface

Osteoblast
surface

Osteoclast
count

Grade of
fibrosis

Grade of
endosteal cells

Total skeletal
activity (kC/sec)

Alkaline
phosphatase
(U/l Bessey)

r = 0.77
p < 0.001

r = 0.36
p < 0.05

r = 0.53
p < 0.05

r = 0.51
p<0.01

r = 0.65
p < 0.001

r = 0.71
p < 0.001

r = 0.62
p < 0.001

r = 0.83
p < 0.001

iPTH

(ng/ml)

-

r = 0.45
p < 0.01

r = 0.51
0 < 0.01

r = 0.54
p < 0.001

r = 0.66
p < 0.001

r = 0.79
p < 0.001

r = 0.63
p < 0.001

r = 0.80
p < 0.001

Osteoid
volume

(%)

r = 0.45
p < 0.01

-

r = 0.88
P < 0.001

r = 0.35
p < 0.05

NS

NS

r = 0.36
0 < 0.05

r <= 0.40
p < 0.05

Osteoid
surface

(%)

r = 0.51
p < 0.01

r = 0.88
p < 0.001

-

r = 0.53
p = 0.001

NS

r = 0.42
p < 0.05

r = 0.43
p < 0.05

r = 0.51
p < 0.01

Osteoblast
surface

(%)

r = 0.54
p < 0.001

i = 0.35
p < 0.05

r = 0.53
p = 0.001

-

NS

r = 0.58
p < 0.001

NS

r = 0.60
p < 0.001

Osteoclast
count

(no/10 mm2)

r = 0.66
p < 0.001

NS

NS

NS

-

r = 0.57
p < 0.001

r = 0.47
p < 0.01

r = 0.60
p < 0.001

Grade of
fibrosis
(0-3)

r = 0.79
p < 0.001

NS

r = 0.42
p < 0.05

r = 0.58
p < 0.001

r = 0.57
p < 0.001

-

r = 0.69
p < 0.001

r = 0.82
p < 0.001

Grade of
endosteal cells

(0-3)

r = 0.63
p < 0.001

r = 0.36
p < 0.05

i = 0.43
p < 0.05

NS

r = 0.47
p < 0.01

r = 0.69
p < 0.001

-

r = 0.64
p < 0.001

*r = coefficient of correlation, p-value = two-sided. NS = not significant (p > 0.05)
**No. of patients3 35



68

thyroidectomized patients and 2 patients for whom iPTH values were
not available) and 12 new dialysis patients. Although the TSA was not
evaluated by computer analysis, our present experience with computer-
ized bone scintigraphy in 25 patients shows that the latter technique
does not provide additional information about the TSA, as indicated by
the statistical relationship (r = 0.94, p < 0.001) between the results of
the two techniques (unpublished data).

The results obtained in this study confirm our previous findings that
the TSA is a sensitive indicator of renal osteodystrophy (5) and that it
appears to depend mainly on the degree of hyperparathyroidism. The
latter is strongly suggested by the significant correlations (p < 0.001)
between the TSA and iPTH, alkaline phosphatase and the histologic
features of hyperparathyroidism (Table 2).

The relationship between the TSA and the amount of osteoid was sta-
tistically of lesser significance (Table 2). In renal osteodystrophy, how-
ever, increased formation as well as delayed and defective mineralization
of the osteoid occurs (8). Although osteomalacia, i.e. the degree of de-
fective mineralization due to the absence of biologically active vitamin D
metabolites was not accurately distinguished from increased osteoid
formation secondary to the hyperparathyroidism (e.g. by measuring the
calcification front by tetracycline laoelling), the osteoid in virtually all
the bone sections appeared clearly osteomalacic and was only partially
— or barely - associated with osteoblastic lining. However, when the
amount of osteoid is used as an index of osteomalacia, the relation-
ship between the TSA and osteomalacia could be positively influenced
by the increased amounts of osteoid accompanying high bone turnover
(8). That hyperparathyroidism partly contributed to the osteoid excess
is suggested by the significant correlations between the latter and iPTH,
alkaline phosphatase and the osteoblast surface (Table 2).

Binding of radiotracer on the excess organic matrix, in particular the
immature collagen fibrils, has been suggested by Rosenthall and co-
workers (2, 4, 14) as the major cause of the increased tracer uptake in
renal osteodystrophy. However, Francis et al. (15) consider appreciable
binding on the organic bone matrix to be unlike! • less the matrix is
nucleated with calcium phosphate. In normal be. . liotracer uptake
is thought to result primarily from binding to the inorganic constituents
of bone, i.e. from absorption on calcium phosphate, present either as
hydroxyapatite crystals or as small nuclei of calcium phosphate at
mineralization sites (15, 17). Microautoradiographic studies (16-18)
support the view that the radionuclide does not bind directly to the os-
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teoid tissue but to the bone matrix where mineralization occurs, in the
proximity of sites of osteoblastic activity. However, since these areas are
located at the interface of osteoid and mineralized bone, some binding to
the organic matrix cannot be excluded.

In renal osteodystrophy, increased bone turnover in association with
defective mineralization results in increased quantities of (immature) or-
ganic bone matrix and calcium phosphate in the amorphous state. The
latter, demonstrated in areas of rapid metabolic bone activity in various
states, are of low density and high hydration and in particular absorb the
radiotracer (15), although some direct binding on the excess immature
collagenous matrix also appears to occur (14). Thus, both mechanisms
presumably contribute to the increased radiotracer uptake in renal bone
disease.

Although the present study does not contribute to the knowledge con-
cerning the mechanism of radiotracer uptake in renal osteodystrophy,
our data suggest that this increased uptake is primarily determined by
the degree of bone turnover, rather than by the amount of (osteomalacic)
osteoid per se. Thus, the effects of hyperparathyroidism on bone appear
to be the major cause of the increased skeletal radiotracer uptake in renal
osteodystrophy. Similar conclusions, based on the bone scan patterns,
have previously been reported by others (1, 7).



70

REFERENCES

1. Sy, W.M., Mittal, A.K.: Bone scan in chronic dialysis patients with evidence of secondary
hyperparathyroidism and renal osteodystrophy. Br. J. Radiol. 48: 878-1975.

2. Rosenthall, L., Kaye, M.: Technetium-99m-pyrophosphatekinetics and imaging in metabolic
bone disease. J. Nucl. Med. 16: 33,1975.

3. 01gaard, K., Heerfordt, J., Madsen, S.: Scintigraphic skeletal changes in uremic patients on
regular hemodialysis. Nephron 17: 325,1976.

4. Wiegman, T., Rosenthall, L., Kaye, M.: Technetium-99m-pyrophosphate bone scans in hy-
perparathyroidism. J. Nucl. Med. 18: 231,1977.

5. De Graaf, P. Schicht, I.M., Pauwels, E.K.J., et al.: Bone scintigraphy in renal osteodys-
trophy. J. Nucl. Med. 19: 1289,1978.

6. Neyer, U., Mahr, G., Ell, P.J., et al.: Die Knochenszintigraphie in der diagnostik der renalen
ostéopathie. Dtsch. Med. Wschr. 103: 451,1978.

7. Patel, R., Ansari, A., Mishkin, F., et al.: Early detection of renal osteodystrophy: a compari-
son of 99mTc-HEDSPA bone scintigraphy and serum bone alkaline phosphatase isoenzyme
activity. Dialysis and Transplantation 8: 692,1979.

8. Ritz, E., Krempien, B., Mehls, O., et al.: Skeletal abnormalities in chronic renal insufficiency
before and during maintenance hemodialysis. Kidney Int. 4: 116,1973.

9. Lentle, B.C., Russell, A.S., Percy, J.S.: Bone scintiscanning updated. Ann. Int. Med. 84:
297,1976.

10. Te Velde, J., den Ottolander, G.J., Haak, H.L., et al.: Iliac bone marrow trephine biopsy;
some remarks on the technique. Neth. J. Med. 21: 221,1978.

11. Te Velde, J., Burkhardt, R., Kleiverda, K., et al.: Methylmethacrylate as an embedding me-
dium in histopathology. Histopathology 1:319,1977.

12. Duursma, S.A., Visser, W.J., Njio, L.: A quantitative histological study of bone in 30 patients
with renal insufficiency. Calc. Tiss. Res. 9:216, 1972.

13. Lequin R.M., Hackeng, W.H.L., Schopman, W.: A radioimmunoassay for parathyroid hor-
mone in man. II. Measurements of parathyroid hormone concentrations in human plasma by
means of a radioimmunoassay for bovine hormone. Acta Endocr. 63: 655,1970.

14. Rosenthall, L., Kaye, M.: Observations on the mechanism of Tc-99m-labeled phosphate
complex uptake in metabolic bone disease. Semin. Nucl. Med. 6: 59, 1976.

15. Francis, M.D., Tofe, A.J. Benedict, J.J.,et al.: Imaging the skeletal system. In: Proceedings
2nd International Symposium on Radiopharmaceuticals, Seattle. 1979. Ed: Soc. Nucl. Med.,
New York, pp. 603.

16. Tilden, R.L. Jackson, J., Enneking, W.F., et al.: '"^Tc-polyphosphate: histological locali-
zation in human femurs by autoradiography. J. Nucl. Med. 14: 576,1973. |

17. Jones, A.G.. Francis. M.D., Davis, M.A.: Bone scanning: radionuclide reaction mechanisms. j
Semin. Nucl. Med. 6 :3 ,1976. \>

1 8 . Van Langeveide, A., Driessen, O.M.J., Pauwels, E.K.J., et al.: Aspects of " m-Technetium
binding from an Ethane-1 -hydroxy-1, l-diphosphonate-99lTITc complex to bone. Eur. J.
Nucl. Med. 2: 47, 1977.



Chapter V

QUANTITATIVE BONE SCINTIGRAPHY IN THE EVALUATION
OF TREATMENT OF RENAL OSTEODYSTROPHY

P. de Graaf, I.M. Schicht, J. te Velde, E.K.J. Pauwels, K. Kleiverda and J. de Graeff

Submitted for publication





73

SUMMARY

The effect of various forms of treatment of renal osteodystrophy was
evaluated in 25 dialysis patients with quantitative bone scintigraphy,
using 99mTc-HEDP. The results were compared with those of biochemical
and bone morphometric studies. The total skeletal activity (TSA) de-
creased in 5 patients after transplantation, in 11 after parathyroidectomy
and in 6 out of 9 treated conservatively, but did not normalize in any of
the patients. Bone morphometric evaluation of treatment, which could
be performed in 19 of the 20 patients who did not receive a transplant,
demonstrated a reduction in the degree of hyperparathyroidism in 17
patients (89%). Osteoid excess was reduced in 13 patients (68%) but an
evident reduction of osteomalacic osteoid, i.e. improvement of osteo-
malacia, occurred in only 4 patients (21%). Changes in the TSA correlated
significantly with the changes in the biochemical and the histologic para-
meters of hyperparathyroidism, but not with the changes in osteoid ex-
cess. These results indicate that, during treatment of renal osteodystrophy,
changes in quantitative bone scintigraphy primarily indicate changes in
the degree of hyperparathyroidism.

INTRODUCTION

Bone scintigraphy is a sensitive method, superior to radiographic skele-
tal analysis, for the early detection of renal osteodystrophy (3, 6, 7, 8.
12). We have recently shown that quantification of skeletal radiotracer
uptake further increases the sensitivity of this technique and that the in-
creased radiotracer uptake in renal osteodystrophy appears to depend
mainly on the degree of hyperparathyroidism (3,4).

In the present study, we investigated the value of quantitative bone
scintigraphy for the evaluation of the treatment of renal osteodystrophy
in dialysis patients. The main concern of this report was the relationship
between the changes in the quantitative scintigraphic skeletal analysis
and in the biochemical and bone morphometric studies during treatment.

MATERIALS AND METHODS

Biochemical, bone morphometric and quantitative scintigraphic studies
were performed in 25 patients on maintenance hemodialysis before and
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Table 1. Clinical and scintigraphic data (mean ± SD), subgrouped according
to the type of treatment

Treatment No. of Age
patients (yr)

Dialysis Duration of Total skeletal activity
duration treatment pretreat. posttreat.
(months) (months) (kC/sec/10 mCi)

Transplan-
tation

Parathyroi-
dectomy

Medical

40.4 ± 9.8 48 ±25 10.5 ± 4.9 6.76 ± 0.76 5.53 ± 0.54

11 34.4 ± 7.2 74 ±28 14.8 ± 4.7 9.43 ±1.05 7.71 ± 1.46

39.2 ±13.2 54 ±18 H.9±2 .8 7.94 ±1.74 7.36 ±1.55

during treatment of renal osteodystrophy (Table 1). Relevant pretreat-
ment data, previously reported for 24 of these patients (3), are summar-
ized in Table 2. Five patients underwent a successful renal transplanta-
tion; serum creatinine (mean ± SD) at the time of the follow-up scinti-
graphic studies was 100 ± 22 j/mol/1. Eleven patients underwent sub-
total parathyroidectomy and 9 patients were treated conservatively.
Medical treatment for these 20 patients consisted of a regimen of phos-
phate binders, oral calcium supplements and dihydrotachysterol. The
patients were dialyzed 2-3 times weekly for 3-6 hr, using artificial kidneys
with cuprophane or acrylonitrite membranes. The dialysate fluid concen-
trations of calcium and magnesium were 1.6 and 0.6 mmol/1, respec-
tively. The mean (± SD) duration of treatment, the duration of hemo-
dialysis and the patients' age at the time of the follow-up studies are
shown in Table 1, subgrouped according to the type of treatment.

The biochemical and bone morphometric studies (Table 2) before and
during treatment were performed in the same period as the scintigraphic
studies. The biochemical and histologic studies were not repeated for the
five renal transplant recipients, the follow-up studies for these patients
being restricted to scintigraphic analysis.

Serum total calcium and phosphate (mean of 5 consecutive values)
and alkaline phosphatase (value at the time of the scan) were measured
in predialysis serum by routine laboratory methods (Technicon Auto-
Analyzer, SMA). Normal values are 2.25-2.65 mmol/1, 0.81-1.45 mmol/1
and 15-60 U/l Bessey, respectively. Immunoreactive parathyroid hor-
mone (iPTH) was measured by radioimmunoassay (5), using guinea pig
antiserum against bovine PTH (normal value < 0.02-0.2 ngEq bovine
PTH/ml).



Table 2. Pre- and posttreatment biochemical, bone morphometric and scintigraphic data (mean ± SD). and significance of posttreatment changes*

Data

Number of patients

Serum total calcium
Serum phosphate
Serum alkaline phosphatase
Serum iPTH

Bone volume
Osteoid volume
Osteoid surface
Score for osteomalacic osteoid
Osteoblast surface
Osteoclast count
Score for fibrosis
Score for endosteal cells

Total skeletal activity

(mmol/1)
(mmol/1)
(U/l Bessey)
(ngEq. bov. PTH/ml)

(% of total section)
(% of bone volume)
(% of bone surface)
(grading: 0-3)
(% of bone surface)
(No/10 mm2 section)
(grading: 0-3)
(grading: 0-3)

(kC/sec/lOmCi)

Pretreatment

25

2.21 +
2.00 ±

124.00 + i
0.61 ±

25.4 ±
2.3 ±

10.5 ±
2.7 ±
9.0 +
7.3 ±
1.9 ±
2.4 +

8.35 ±

0.23
0.58

88.10
0.55

8.7
1.8
9.6
0.5

12.7
9.2
0.9
0.7

1.63

Posttreatment

19-25*

2.51 ± 0.19
1.68 ± 0.46

48.00 ± 24.50
0.19 ± 0.16

36.7 ± 10.0
1.4 ± 1.6
5.4 ± 3.9
2.4 ± 0.8
1.5 ± 2.3
2.3 i 3.4
0.7+ 0.7
2.0 ± 0.6

7.14+ 1.56

Significance**

19-25*

p < 0.01
p < 0.05
p < 0.01
p < 0.01

p < 0.01
NS

p < 0.05
NS

p < 0.01
p < 0.01
p < 0.01
p < 0.01

p < 0.01

*Posttreatment data and significance of changes were assessed for scintigraphy in 25 patients, for biochemistry in 20 patients and for bone
histology in 19 patients.
**Paired student's t-test. NS = not significant (p > 0.05).
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Bone biopsy specimens were taken from the iliac crest with a Jamshidi
needle (11). Pretreatment biopsy specimens were taken from all 25 pa-
tients; posttreatment biopsies were available for 19 of the 20 patients
who did not undergo transplantation. The biopsy specimens were em-
bedded in methyl-methacrylate; undecalcified sections were stained (11)
and micromorphometric measurements were performed with the aid of
computer analysis. The morphometric measurements (Table 2) included
the bone volume, the osteoid volume, the osteoid surface, the osteoblast
surface and the osteoclast count. Semiquantitative estimates were given
for the increase in endosteal cells on the remaining bone surface and for
the degree of fibrosis; both were expressed on a 4-point scale (0-3). The
osteoblast surface, osteoclast count, degree of marrow fibrosis and in-
crease in endosteal cell lining were used as an index of the degree of bone
turnover, i.e. hyperparathyroidism. Since states of high bone turnover
are invariably associated with increased osteoblastic activity and excess
osteoid formation, the latter in itself was not used as a criterion for osteo-
malacia. In mineralization defects, the osteoid seams are abnormally
wide with irregular demarcations and may lack an osteoblast surface. The
relative prevalence of this type of osteoid was used as an index of the de-
gree of osteomalacia and was expressed on a 4-point scale (0-3).

The quantitative scintigraphic studies were performed as previously
described in detail (3). The scans were obtained 6 hr after the intraven-
ous administration of 10 mCi 99mTc-hydroxyethylidene disphosphonate
(HEDP) per 70 kg body weight. With the exception of the transplantation
patients, the patients were dialyzed for about 5 hr before scintigraphy to
lower the often elevated circulating activity to normal or near normal
levels. Quantitative data were collected by registering count rates within
standardized areas over selected regions of the skeleton and were expres-
sed as kCount/sec (kC/sec), normalized to a dose of 10 mCi 99mTc. The
sum of the activity rates in the whole skeleton, excluding those of the
upper extremities, was used as an index of the total skeletal activity
(TSA). Normal values (2.6^.1, mean ± SD 3.4 ± 0.5) were obtained from
10 age-matched controls.

The effects of treatment on the biochemical, histomorphometric and
scintigraphic parameters of renal osteodystrophy were tested for statis-
tical significance (paired Student's /-test). The relationships between the
biochemical, histomorphometric and scintigraphic changes after treat-
ment were analyzed statistically by calculating the coefficients of corre-
lation.
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RESULTS

The biochemical, bone morphometric and scintigraphic results of treat-
ment are shown in Table 2. Treatment caused a significant elevation in
serum total calcium and a significant decrease in serum phosphate. The
biochemical parameters of hyperparathyroidism, i.e. alkaline phospha-
tase and iPTH, and the histologic parameters both decreased significantly
(p < 0.01) while the bone volume increased. The amount of osteoid and
the degree of osteomalacic osteoid also decreased during treatment but
only the decrease in the osteoid surface was statistically significant (p <
0.05). The overall decrease in the TSA was significant as well (p < 0.01).

The effect of treatment on the total skeletal activity (TSA), subgrouped
according to the type of treatment, is shown in Table 1. The TSA de-
creased in all five patients after transplantation, in all 11 patients after
parathyroidectomy and in six of the 9 patients treated conservatively. \
The decrease in the TSA (mean ± SD) in the 3 groups was 1.27 ± 0.6, ;
1.72 ± 0.8 and 0.58 ± 1.38 kC/sec/10 mCi, respectively. The mean reduc- j
tion in the TSA was the greatest for the patients who underwent subtotal j
parathyroidectomy. The latter patients all had elevated serum alkaline |
phosphatase and iPTH values, severe bone abnormalities and a TSA ex- {
ceeding twice the maximum normal value; moreover all demonstrated j
marked parathyroid hyperplasia at surgery (3). The TSA, however, did
not normalize in any of the patients, including the five patients with a
well-functioning renal transplant. Posttreatment bone biopsies from j
these 5 patients were not available; in 19 of the other 20 patients bone \
histology had not normalized either. \

Table 3 summarizes the posttreatment histologic changes for 19 pa- \
tients and the relationship with the changes in the TSA. Osteitis fibrosa \
improved in the 11 patients who underwent subtotal parathyroidectomy j
and in six of the conservatively treated patients. It progressed in two \
patients; one of these patients refused the use of oral calcium supple- I
ments and the other underwent major cardiac surgery during the course
of treatment. Osteoid excess decreased in 13 of the 17 patients in whom
hyperparathyroidism improved but an evident reduction in the degree
of osteomalacic osteoid occurred in only 4 of these 13 patients. In six
patients, the osteoid excess remained unchanged or progressed. A pro-
gression of the osteomalacic osteoid occurred in only one patient.

The TSA decreased in 16 of the 17 patients with histologic evidence
of improved hyperparathyroidism; in the two patients with progressive
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Table 3. Relationship between posttreatment changes in bone histology and quantitative bone
scintigraphy (TSA)*

Bone histology

Osteitis fibrosa

Osteomalacia
-osteoid excess

osteomalacic
osteoid

•assessed in 19 patients

changes

improved
worse

improved
unchanged
worse

improved
unchanged
worse

Scintigraphic
improved

16

12
2
2

3
12

1

changes (TSA)
worse

1
2

1
1
1

1
2

osteitis fibrosa, the TSA increased. In 13 of these 16 patients, the TSA
improved despite an unchanged or even progressive osteomalacic appear-
ance of the osteoid (Table 3).

The correlations between the changes during treatment in the bio-
chemical, bone morphometric and quantitative scintigraphic findings
are shown in Table 4. The correlations between the changes in the TSA
and the changes in the biochemical and histologic parameters of hyper-
parathyroidism, with the exception of the degree of endosteal cell lining,
were statistically significant. The correlations between the changes in the
TSA and the changes in osteoid excess were not significant.

DISCUSSION

Quantitative scintigraphic skeletal analysis showed an improvement
after various forms of treatment in 22 of the 25 patients studied. The
scintigraphic improvement in the five renal graft recipients, who general-
ly had only mild renal osteodystrophy at the time of transplantation,
could not be documented by bone histologic studies. However, it may be
assumed that successful transplantation, by correcting the major under-
lying pathogenetic mechanisms, generally resulted in some improvement
of the hyperparathyroid-induced bone abnormalities (2). Skeletal healing
after successful transplantation, as well as after subtotal parathyroidec-
tomy followed by medical treatment (9), however, appears to be a slow
process since the TSA had not normalized in any of the patients.
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Table 4. Correlations* between posttreatment changes in the TSA, biochemistry** and
bone histology***

Biochemical changes

Serum total calcium
Serum phosphate
Serum alkaline phosphatase
Serum iPTH

Histologic changes

Bone volume
Osteoid volume
Osteoid surface
Grade of osteomalacic osteoid
Osteoblast surface
Osteoclasf count
Grade of fibrosis
Grade of endosteal cells

*r = coefficient of correlation, p-value =
••assessed in 20 patients
***assessed in 19 patients

Total skeletal activity changes

NS
NS

r = 0.49, p < 0.05
r = 0.61, p < 0.01

NS
NS
NS
NS

r = 0.49, p < 0.05
r = 0.60, p < 0.01
r = 0.61, p < 0.01

NS

two-sided. NS = not significant (p > 0.05).

Increased soft-tissue activity was seen on the posttreatment bone scan
of several patients with a low TSA and only minimal histologic bone ab-
normalities, i.e. a minimal increase in bone uptake of the radiotracer.
Thus, it cannot be excluded that the inability to completely normalize
circulating radioactivity by hemodialysis in such patients could have con-
tributed to the TSA to a minor extent. Circulating activity in the majori-
ty of the patients, in particular in the transplant recipients, however, was
normal and could not have contributed to the quantitative scintigraphic
data obtained.

For 17 of the 19 (89%) patients who did not undergo transplantation,
treatment resulted in a significant improvement in the biochemical and
histologic parameters of hyperparathyroidism. Osteoid excess decreased in
13 of these patients (68%) which, however, could have resulted from the
decrease in the rate of bone turnover in itself (1) and does not necessarily
indicate improvement in osteomalacia. When criteria other than a reduc-
tion in osteoid excess are used, an evident improvement of osteomalacia
occurred in only 4 patients (21%).

Thus, in this study treatment primarily improved the hyperparathy-
roid-induced bone abnormalities. Interestingly, the changes in the TSA in
the nontransplantation patients, with one exception, paralleled the chan-
ges in the histologic features of hyperparathyroidism, irrespective of the
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changes in the osteoid excess (Table 3). Furthermore, only the correla-
tions between the changes during treatment in the TSA and the bio-
chemical and histologic parameters of hyperparathyroidism were statis-
tically significant (Table 4). These results indicate that changes in quanti-
tative scintigraphic skeletal studies during treatment are predominantly
governed by changes in the degree of bone turnover, i.e. hyperparathy-
roidism, and presumably to a lesser extent by alterations in the amount
of (osteomalacic) osteoid. These findings support our previous conclu-
sion that skeletal uptake of radiotracer in renal osteodystrophy depends
mainly on the effects of hyperparathyroidisrn (4). Thus, bone scintigraphy
appears to be of value in the follow-up of hyperparathyroidism during
treatment of renal osteodystrophy. For the evaluation of the effect of
treatment on osteomalacia, however, bone biopsy is indicated.
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SUMMARY

Skeletal radiotracer (Tc-99m HEDP) uptake was quantitated with and
without the aid of a computer in 30 chronic dialysis patients with histo-
logic evidence of renal osteodystrophy. Before scintigraphy, elevated
soft-tissue activity due to the absence of renal radiotracer excretion was
reduced by hemodialysis. The results were compared with those of a
normal group and with the results of the bone morphometric studies of
these patients. In all patients the radiotracer uptake was elevated, often
markedly. In several patients with minimal histologic bone disease, how-
ever, soft-tissue activity could not be normalized by hemodialysis al-
though its influence on the quantitative data could be further reduced
(but not excluded) by computer evaluation of skeletal radiotracer up-
take. Since the latter technique also clearly distinguished the majority
of the patients from the normals, it appears that computerized quanti-
tative skeletal analysis is the most accurate scintigraphic method for de-
tecting renal osteodystrophy. The significant relationship between skele-
tal radiotracer uptake, in particular at the bone biopsy site, and the his-
tologic features of increased bone turnover suggest that hyperparathy-
roidism is the major cause of this increased tracer uptake in renal osteo-
dystrophy.

INTRODUCTION

The need for noninvasive sensitive techniques for the detection and
follow-up of metabolic bone disease in patients with renal failure has
stimulated interest in the efficacy of bone scintigraphy in so-called renal
osteodystrophy. This has led to the recognition that this method is su-
perior to radiology in detecting the presence and extent of renal bone
disease (1-7). However, technical problems, such as those resulting from
increased circulating activity due to impaired renal radiotracer excretion
(8) as well as the nonspecificity of the results obtained, limit the clinical
application of qualitative bone scintigraphy in this condition.

Recently, we have shown that quantification of skeletal radiotracer
uptake further increases the sensitivity of bone scintigraphy (5) and we
have presented clinical evidence for hyperparathyroidism as the major
cause of increased bone radiotracer uptake in renal osteodystrophy (9).
The quantitative data in these studies, however, were obtained without
computer evaluation and included soft-tissue activity. Although the latter
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was reduced before scintigraphy by means of hemodialysis, we have
recently found that this technique fails to normalize soft-tissue activity
in patients with histologically minimal bone disease, i.e. minimal increase
in bone uptake, after treatment (10). Thus, in such patients soft-tissue
activity could contribute more to the quantitative scintigraphic results
than previously anticipated (5).

To further reduce the influence of soft-tissue activity and to evaluate
quantitative bone scintigraphy in renal osteodystrophy, we studied skele-
tal radiotracer uptake with and without the aid of computer analysis.
The results of these studies, performed in 30 dialysis patients, were com-
pared with those of biochemical and bone morphometric analyses. This
paper presents our observations on the efficacy of various quantitative
scintigraphic techniques in renal osteodystrophy.

MATERIALS AND METHODS

Biochemical, bone morphometric and scintigraphic studies were per-
formed in 12 females and 18 males on regular hemodialysis. The median
age was 38 yr (range 17-61 yr), the median duration of dialysis 53.5 mo
(range 11-125 mo). The patients were dialyzed two to three times week-
ly using artificial kidneys with cuprophane or acrylonitrite membranes;
the latter were used for all patients before scintigraphy. Twelve patients
underwent subtotal parathyroidectomy before this study and all patients
were treated with a regimen of phosphate binders, oral calcium supple-
ments and dihydrotachysterol.

Relevant biochemical studies (Table 1) were performed before scinti-
graphy. Total calcium and phosphate (mean of 5 consecutive predialysis
values) and alkaline phosphatase were determined in predialysis serum by
routine laboratory methods. Immunoreactive parathyroid hormone
(iPTH) was measured in predialysis serum (11).

Bone histomorphometric studies were performed using iliac crest bone
biopsy specimens, obtained with a Jamshidi needle (12) shortly after the
scintigraphic studies. The biopsy specimens were embedded in methyl-
methacrylate (13) and morphometric analysis (Table 1) was performed
on undecalcified stained sections, as described elsewhere (9, 10). The
examiners had no knowledge of the patient's data. The bone volume, the
osteoid volume, the osteoid surface and the osteoblast surface were
measured with the aid of computer analysis. The osteoclasts were coun-
ted under high magnification (objective 40 x) and expressed as the total
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Table 1. Biochemical, bone morphornetric and quantitative scintigraphic data*

Serum total calcium
Serum phosphate
Serum alkaline phosphatase
Serum iPTH

Bone volume
Osteoid volume
Osteoid surface
Score for osteomalacic osteoid
Osteoblast surface
Osteoclast count
Score for fibrosis
Score for endosteal cells

Total skeletal activity
(non-computerized)

Total skeletal activity
(computerized)

Total counts/channel for all
skeletal regions

Mean counts/channel in bone
biopsy area

Data

(n = 2.25 - 2.65 mmol/1)
(n = 0.81-1.45 mmol/D
(n= 15-60U/lBessey)
(n = < 0.02 - 0.2 ngEq bov. PTH/ml)

(% of total bone section)
(% of bone volume)
(% of bone surface)
(grading 0-3)
(% of bone surface)
(no. per 10 mm2 bone section)
(grading: 0-3)
(grading: 0-3)

(n=2.6 - 4.1 kC/sec/10 mCi)

(n=1.8 - 2.3kC/sec/10mCi)

(n = 7.8 -13.1 C/sec/Ch/10 mCi)

(n = 0.63- l.lC/sec/Ch/lOmCi)

Mean i

2.48 ±
1.47 ±

45.1 ±
0.18 ±

37.3 ±
1.39 ±
5.16 ±
2.32 ±
1.58 ±
2.38 ±
0.63 ±
1.89 ±

7.19 ±

5.16 +

22.7 ±

1.35 ±

tSD

0.16
0.42

22.7
0.16

9.2
1.90
4.01
0.77
2.61
3.38
0.67
0.73

1.46

1.47

5.3

0.38

*Number of patients = 30; n = normal value

number per 10 mm2 of the bone section. A semiquantitative estimate
was given for the osteoid that appeared clearly osteomalacic (10). for the
increases in endosteal cells lining the remaining bone surface and for the
degree of fibrosis; all were graded on a 4-point scale (0-3).

The technique used for quantitative scintigraphic analysis without a
computer and the dialysis method used to lower elevated circulating ac-
tivity have been described in detail (5). Briefly, the bone scans were ob-
tained in all cases with the same large-field gamma camera, 6 hr after the
i.v. administration of 10 mCi Tc-99m HEDP per 70 kg body weight. Be-
fore scintigraphy, the patients were dialyzed for about 5 hr. Recircula-
ting dialysate (5) was not used in the present study as this may cause free
pertechnetate formation. Since its secretion in the stomach may occur in
the absence of thyroid imaging, this may suggest gastric calcification (14).
Quantitative data without computer analysis were collected by regis-
tering count rates within standardized areas over selected regions of the
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skeleton (Fig. 1) and were expressed as kiloCounts/sec (kC/sec), normal-
ized to a dose of 10 mCi Tc-99m. The sum of the activity rates was used
as an index of the total skeletal activity (TSA) and was expressed as kC/
sec/10 mCi. Normal values were obtained from 10 age-matched controls
(Table 1).

All gamma camera data were recorded on magnetic disks with the aid
of a dedicated minicomputer for later quantitative analysis. The preset
time for computer imaging was 120 sec. The standardized regions of the
skeleton were selected for quantitative analysis using a cursor (Fig. 1).
The count rates within these flagged sites were calculated by the com-
puter and expressed as kC/sec/10 mCi. To minimize observer errors, the
mean number of counts per channel in these areas was calculated as well
and expressed as C/sec/Ch/10 mCi. To obtain further information about
the relationship between skeletal radiotracer uptake and bone pathology,
the number of counts per channel in the iliac crest bone biopsy site was
measured; the bone biopsies were taken shortly hereafter. Because of the
relatively small region of interest, the mean of the number of counts per
channel of three consecutive measurements was calculated and expressed
as C/sec/Ch/10 mCi. The sum of the activity in all flagged regions of in-
terest was also used as an index of the total skeletal activity (TSA). The
sum of the number of counts per channel in these areas was expressed as
the total counts per channel Normal values for the three computer-
assisted scintigraphic methods were obtained from another 10 age-
matched controls (Table 1).

RESULTS

The biochemical, bone morphometric and scintigraphic results are
summarized in Table 1. The biochemical values were generally within the
normal - or near normal - range as a result of surgical and/or intensive
medical treatment for a period of at least six months before this study
(10). Four patients had mild hypercalcemia and 21 had a generally mild
predialysis hyperphosphatemia. Total alkaline phosphatase was elevated
in only four patients; bone iso-enzyme activity, however, was not meas-
ured (7). A generally mild increase in serum iPTH concentration occurred
in 13 patients.

Bone histologjc studies showed varying signs of increased bone turn-
over, i.e. an increase in osteoblast surface, osteoclast count, fibrosis and/
or endosteal cell lining, in 29 patients. Although the amount of osteoid
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was normal in several patients, the osteoid in all 30 patients showed
some features of osteomalacia, i.e. a patchy, irregular deposition of the
osteoid not or only partially associated with osteoblastic lining.

Quantitative scintigraphic data, obtained with the computer in the
flagged areas of the skeleton (Fig. 1), are shown in Figs. 2 and 3. Al-
though the activity registered in individual parts of the skeleton was
within the normal or near normal range in several patients with minimal
histologic bone abnormalities, the TSA assessed with and without the
computer was elevated in all patients (Fig. 4). The fact that the measure-
ments performed without the computer included more bone and soft-
tissue activity explains why the TSA thus obtained for patients as well
as normals was higher than that found with computer evaluation (Fig. 4).
The correlation between the results of the two methods was highly sig-
nificant (r = 0.95, p < 0.001). The sum of the number of counts per
channel in the flagged skeletal sites (total counts per channel) exceeded
the maximum normal values in all cases as well (Fig. 5) and the corre-
lations with the computer-assessed TSA (r = 0.90, p < 0.001) and the
noncomputer-assessed TSA (r = 0.92, p < 0.001) were highly significant.
Furthermore, the number of counts per channel at the bone biopsy sites
correlated significantly (p < 0.001) with both the TSA and the total
counts per channel. This indicates that increased radiotracer uptake in
the whole skeleton may generally be considered to be representative of
that in the iliac crest bone of patients with renal bone disease. The ex-
ceptions concerned one patient with concomitant Paget's disease in the
iliac crest and one patient with extensive pulmonary calcification (15);
the data for both patients were included in the statistical evaluation.

The correlations between the results of the scintigraphic methods and
those of the biochemical and bone morphometric studies are shown in
Table 2. The relationships with serum calcium and phosphate values were
not significant and are not shown. Statistical analysis of the data of the
18 non-parathyroidectomized patients was performed separately since
parathyroidectomy will lead first to normalization of iPTH, then nor-
malization of alkaline phosphatase and finally to healing of bone and
scintigraphic improvement (10). As seen in Table 2, the correlations be-
tween the scintigraphic data and iPTH were generally not significant and
the correlations with alkaline phosphatase and several bone morphome-
tric data were more significant for the non-parathyroidectomized patients
than for the total group. No relationship between the scintigraphic data
and the amount of osteoid could be established. With the exception of
the grades of endosteal cells, the scintigraphic data generally correlated
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I'ig. 1. Bone scan of a dialysis patient showing the regions of the skeleton selected for quantitative
scintigraphic analysis. Data which were not evaluated by the computer were collected by regis-
tering kC in standardized areas within these regions, excluding the upper extremities. The skeletal
regions selected with a cursor for computer evaluation are shown.
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significantly with the histologic features of hyperparathyroidism, i.e. the
osteoblast surface, the osteoclast count and the degree of fibrosis. In-
terestingly, the correlations between the scintigraphic data and the osteo-
blastic and osteoclastic activity increased in significance with the pro-
bable accuracy of the scintigraphic method used, i.e. the TSA, the total
counts per channel and the counts per channel in the biopsy area, res-
pectively.

DISCUSSION

Quantitative bone scintigraphic studies in patients with renal failure
have been limited to bone-to-soft-tissue activity ratios in the distal femur
(2, 4) and whole body radionuclide retention (16). This is possibly due
to the fact that such patients often show an increased soft-tissue activity
at scintigraphy, which complicates the quantitative evaluation of radio-
tracer uptake in bone and its comparison with that in normal bone; this
does not apply for patients with severe renal bone disease whereby so-
called "superscans" are obtained.

Soft-tissue activity in the present study was reduced by means of di-
alysis to normal — or near normal - levels and its influence was further ]
diminished by computer evaluation of tracer uptake in bone. This pro- I
cedure, however, did not completely exclude the influence of soft-tissue (
activity since the latter could not be normalized by means of hemodialysis I
in patients with minimal bone disease. Subsequently, the bone images of
these patients were generally of poor quality. An example of such a bone
scan, that of a patient with minimal histologic bone abnormalities, is
shown in Fig. 6. Although soft-tissue activity was elevated, this patient
had the lowest TSA. Furthermore the quantitative data obtained with the
computer for such patients were generally within the normal or near nor-
mal range (Figs. 2 and 3), with the exception of the activity registered
over larger surface areas such as the chest region (Fig. 2). Additional
quantitative studies, performed in a 33-year-old male with acute renal
failure and a normal skeleton, showed that after 6 hr circulating activity
could be reduced by hemodialysis to seven percent of the initial peak
value but soft-tissue activity was not normalized. The computer-assessed
TSA for this patient, however, exceeded the maximum normal range by
only 11 percent, whereas the lowest total skeletal activities for the
chronic dialysis patients exceeded the latter by at least 24 percent. These
findings, as well as the observation that the lowest TSA occurred in the
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Fig. 2. Quantitative data obtained with the computer within the flagged regions of interest in
patients and normals, expressed as kC/sec corrected to a dose of 10 mCi Tc-99m HEDP. Note
extremely high activity in the chest region in a patient with extensive pulmonary calcification.
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Table 2. Correlation between scintigraphic, biochemical and bone morphometric results*

Scintigraphic data

Total skeletal
activity
(non-computerized)

Total skeletal
activity
(computerized)

Total Counts/Channel
for all skeletal
regions

Mean Counts/Channel
in biopsy area

No. of
patients

30

18

30

18

30

18

30

18

Biochemical data

iPTH

r = 0.41
p = 0.02

r = 0.48
p = 0.04

NS

NS

r = 0.37
p = 0.04

NS

NS

NS

alkaline
phosphatase

NS

r = 0.67
p = 0.002

r = 0.36
p = 0.05

r = 0.74
p < 0.001

r = 0.42
p = 0.02

r = 0.72
p = 0.001

r = 0.42
p = 0.02

r = 0.68
p = 0.002

osteoid
volume

NS

NS

NS

NS

NS

NS

NS

NS

osteoid
surface

NS

NS

NS

NS

NS

NS

NS

NS

Bone morphometric data

osteoblast
surface

r = 0.44
p = 0.02

r = 0.72
p = 0.001

r = 0.38
p = 0.04

r = 0.69
p = 0.002

r = 0.57
p = 0.002

r = 0.80
p < 0.001

r = 0.78
p < 0.001

r = 0.84
p < 0.001

osteoclast
count

NS

r = 0.56
p = 0.02

NS

r = 0.47
p = 0.05

r = 0.43
p = 0.02

r = 0.60
p = 0.01

r = 0.60
p = 0.005

r = 0.65
p = 0.005

grade of
fibrosis

r = 0.40
p = 0.03

r = 0.67
p = 0.003

NS

r = 0.59
p = 0.01

r = 0.44
p = 0.02

r = 0.57
p = 0.02

r = 0.42
p = 0 02

NS

grade of
endost. cells

NS

r = 0.48
p = 0.05

NS

NS

NS

NS

NS

NS

*Assessed for all patients (n = 30) and separately for the non-parathyroidectomized patients (n = 18)
NS = not significant (p > 0.05).
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patients with the highest circulating activity and vice versa, suggest that
increased soft-tissue activity, when present, is probably only a minor
contributory factor to the quantitative data obtained with the computer.
The dialysis method, however, needs perfecting to improve the bone
image quality and the accuracy of the quantitative results obtained for
patients with minimal bone disease. At present, the influence of elevated
circulating activity on the uptake of the radiotracer in bone and its effect
on the quantitative data obtained cannot be precisely determined. Thus,
in the patients with an elevated circulating activity and a low TSA, the
quantitative data may in fact be lower than presented.

Despite these shortcomings, computer evaluation of skeletal radio-
tracer uptake appears to be a reliable method for detecting metabolic
bone disease in dialysis patients. As shown in Figs. 2 and 3, radiotracer
uptake was clearly increased at all skeletal sites in the majority of the
patients. The TSA, assessed with and without the computer, was elevated
in all patients (Fig. 4). Similar results were obtained using a more objec-
tive measure, i.e. the total of the number of counts per channel in all
skeletal regions (Fig. 5). Since the correlations between the results of
these scintigraphic methods were highly significant (r > 0.9, p < 0.001)
and all three methods were probably able to distinguish all patients with
histologically abnormal bone from normals, it appears that all of these •,
methods are suitable for determining the presence and severity of renal
bone disease. Computer evaluation, however, has the obvious advantages
of eliminating more soft-tissue activity and thus providing a more de-
tailed and precise skeletal analysis of radiotracer uptake. The results of
the present study indicate that this approach is diagnostically rewarding
in renal osteodystrophy.

The interpretation of the increased radiotracer uptake in renal bone
disease, however, is still not clear and thus remains a subject of contro-
versy. On the basis of the bone scan patterns, it has been attributed to
the effects of hyperparathyroidism (1, 7). Osteomalacia, in particular
binding on the excess immature organic bone matrix, however, has also
been suggested as the major cause of this phenomenon (2,4,17) although
others (18, 19) consider appreciable binding on the organic matrix un-
likely, unless the matrix is nucleated with calcium phosphate. In previous
clinical studies of virtually untreated dialysis patients, we found a highly
significant correlation (p < 0.001) between the noncomputer-assessed
TSA and the biochemical (iPTH and alkaline phosphatase) and histolo-
gic parameters of hyperparathyroidism (9) and between changes in these
parameters and in the TSA after treatment (10). In these studies, the
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Fig. 6. Example of part of a bone scan of a patient with histologically minimal bone disease
showing elevated soft-tissue activity which is particularly prominent in the trunk. This patient
had the lowest TSA. The left upper leg shows a bovine-graft shunt.

correlations between the quantitative scintigraphic data and the osteoid
excess, as assessed by morphometric analysis, were either statistically of
low significance (9) or not significant (10).

Similar results were obtained in the present study, in which computer-
evaluated scintigraphic data were correlated with bone morphometric
data (Table 2). In particular, the correlations between the quantitative
analysis of the radiotracer uptake at the bone biopsy sites and the osteo-
blastic activity was highly significant suggesting a specific role of the os-
teoblasts in tracer uptake in bone, other than their function to produce
osteoid. These findings support our previous conclusions that increased
radiotracer uptake in renal osteodystrophy is mainly dependent on the
degree of bone turnover, i.e. the degree of hyperparathyroidism. rather
than on the amount of (osteomalacic) osteoid, i.e. osteomalacia (4).
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INTRODUCTORY REMARKS

The studies presented in this section concern the diagnosis and some
aspects of the pathogenesis of extraskeletal calcification, in particular
visceral calcification, in dialysis patients. As mentioned in Chapter I,
nonvisceral calcification is generally not a life-threatening complication
although occasionally extensive vascular calcification, such as shown in
Fig. 1, may cause vascular obstruction and digital necrosis. Visceral calci-
fication, however, is a potentially fatal complication when massive in-
volvement of the heart and lungs occurs. This type of calcification, al-
though relatively common, is not often suspected during life since it
generally cannot be diagnosed by noninvasive methods. Increased uptake
of bone-seeking radiotracers, however, has occasionally been observed at
the sites of visceral calcification and these findings suggested that bone
scintigraphy might be a sensitive method for the detection of this com-
plication.

Our studies on the value of bone-seeking radiotracers in the detection
of pulmonary and gastric calcification are presented in Chapters VII and
VIII. Although histologic studies were not performed for the patients
without scintigraphic evidence of calcification, the results strongly sug-
gest that bone scintigraphy is not a sensitive method for detecting vis-
ceral calcification, except when the calcification is severe. In addition to
the one patient with scintigraphic and histologic evidence of marked pul-
monary calcification described in Chapter VII, we have since observed
another case of histologically proven severe pulmonary calcification de-
tectable with bone-seeking radiotracers (Fig. 2). This complication, which
occurred during treatment of hypocalcemia with dihydrotachysterol
following subtotal parathyroidectomy, appeared to have been caused by
hyperphosphatemia and a subsequently elevated CaxPO4 product.
Serum phosphate could not be controlled in this patient, who refused
to use phosphate binders and would not follow the prescribed diet. In
these two patients with pulmonary calcification, severe cardiac arrhyth-
mia strongly suggested the presence of cardiac calcification as well but
this could not be detected with bone-seeking radiotracers.

The remaining studies in this section concern observations on nonvis-
ceral calcification. The prevalence of skin calcification was investigated
(Chapter IX) and the results support the proposed rarity of this type of
calcification. Our observations on ocular calcification (Chapter X) suggest
that, apart from "metastatic" factors, local degenerative changes are
significant in the pathogenesis of this type of calcification as well.



Fig. 1. Example of extensive arterial calcification occurring in a 52-year-old female during the course of hemodialysis. Ischemic necrosis
developed in several digits. Radiographs were obtained after amputation of the 2nd digit of the right hand and subtotal parathyroidec-
tomy carried out in an attempt to arrest the progressive calcification.



Fig. 2. Follow-up scans of a 19-year-old female on regular dialysis since 1976. Biochemical, bone histologic and scintigraphic studies (B)
suggested progressive hyperparathyroidism. Subtotal parathyroidectomy (6 gr of parathyroid tissue excised) was performed in April,
1978. Pulmonary complaints started one year later and the bone scan demonstrated marked pulmonary calcification (C) which was
confirmed histologically . The skeletal abnormalities had improved markedly (C).
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Chapter VII

BONE SCINTIGRAPHY IN UREMIC PULMONARY CALCIFICATION

P. de Graaf, I.M. Schicht, E.KJ. Pauwels, J.H.M. Souverijn and J. de Graeff

Published in the Journal of Nuclear Medicine 20: 201-206,1979
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SUMMARY

The value of Tc-99m HEDP bone scintigraphy as a means of detecting
uremic pulmonary calcification was studied in 30 chronic dialysis pa-
tients. A high incidence of the currently proposed predisposing factors for
metastatic calcification was found and calcification was recorded at other
sites. Scintigraphy was performed after reducing background activity by
hemodialysis. From chest images and chest-to-spine activity ratios, evi-
dence of pulmonary calcification could be obtained in only one patient,
and histologic examination revealed extensive calcification. High chest-
to-spine activity ratios suggested increased pulmonary radionuclide
uptake in several other patients, but these findings were not conclusive.
These results indicate that uremic pulmonary calcification — which,
according to autopsy studies, develops in about 60-75% of dialysis pa-
tients — cannot be detected with bone-seeking radiopharmaceuticals,
unless the calcification is severe. This is probably due to the unusual
crystalline and chemical composition of uremic pulmonary calcification.

INTRODUCTION J
i

Metastatic pulmonary calcification, a frequent and potentially lethal )
complication of chronic renal failure, is rarely detected before death, be-
cause of the absence or nonspecificity of the radiographic abnormalities
(1-7).

The incidental demonstration of an increased accumulation of bone-
seeking radiotracers in the lungs of uremic patients with metastatic cal-
cification (8-15, 32, 33) suggested a practical and relatively specific
technique for detection of this condition (16, 33).

This was investigated with Tc-99m HEDP scintigraphy in 30 patients
on chronic hemodialysis, and the resulting qualitative and quantitative ,
scintigraphic data were evaluated.

MATERIALS AND METHODS

Thirty patients (21 males and nine females) on regular hemodialysis
were studied. The median age was 37 yr (range 15-58); the median dura-
tion ofdialysiswas41 mo (range 4-101). The causes of renal failure were:
chronic glomerulonephritis, 15; chronic pyelonephritis, eight; poly cystic
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renal disease, five; acute tubular necrosis, one; and hemolytic-uremic
syndrome, one. Disposable parallel-plate dialyzers were used for 27 pa-
tients; three patients were dialyzed with a disposable hollow-fiber dialyzer.
The dialysate fluid calcium concentration was 6 mg/100 ml, magnesium
was 1.82 mg/100 ml. All patients received phosphate-binding antacids;
seven patients were treated with 0.2 mg dihydrotachysterol daily. Sub-
total parathyroidectomy had been performed in five patients. Histologic
evidence of renal osteodystrophy was demonstrated in the iliac crest
bone biopsies of all patients.

The currently proposed predisposing factors for extraskeletal calcifi-
cation such as the Ca/PO4 product (22, 33), magnesium and/or the
Ca/Mg/PCX, product (17, 18) were calculated from the mean of five con-
secutive predialysis values. For the determination of pyrophosphate (19,
20), 1 mmol dithiothreitol (Cleland's reagens) was immediately added to
predialysis blood samples to inhibit the alkaline phosphatase activity.
The blcod was allowed to coagulate at 4°C after which serum was collect-
ed. The pyrophosphate was separated from the serum using an anion-
exchange resin column (Dowex 1 x 10, 100-200 mesh, Cl" form) accord-
ing to Solomons and Styner (23). After elution, the pyrophosphate was
hydrolyzed using HC1 to form phosphate, which was measured according
to the method of Chen et al. (35).

Chest roentgenograms and arterial samples for blood gas analysis were
obtained immediately after dialysis to avoid the influence of excessive
pulmonary fluid. Metastatic calcification at nonvisceral sites was evaluated
by means of radiographs, ocular slit lamp examination, and histologic
examination of skin biopsies.

Before scintigraphy, elevated soft-tissue radiotracer levels were re-
duced by hemodialysis to (near) normal levels as previously reported
(24). This is necessary because raised soft-tissue levels, caused by lack of
renal excretion of the radiotracer, occur in patients without markedly
elevated skeletal radiotracer uptake, which may complicate the inter-
pretation of radiotracer uptake by pulmonary calcification. An example
of such a chest image, taken 3 hr after the tracer injection but without
prior hemodialysis, is shown in Fig. 1.

After i.v. injection of 10 mCi Tc-99m HEDP per 70 kg body weight,
all patients were dialyzed for nearly 5 hr. Scintigraphy was performed
after 6 hr with a large-field gamma camera provided with two count
sealers and the capacity to register counts in selected regions of interest.
Standardized chest images were obtained and quantitative data were col-
lected in the regions of the spine and chest by registering count rates. The
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activity rate registered was dose-corrected for 10 mCi Tc-99m and ex-
pressed as kilocounts per second (kC/sec). Chest-to-spine activity ratios
were calculated for all patients and eight normal controls.

Fig. 1. Chest scintigram 2-3 hr after the radionuclide injection without prior hemodialysis.

RESULTS

The biochemical data are summarized in Table 1. The Ca/PO4 and
Ca/Mg/PO4 products were elevated, respectively, in 60% and 83% of the
patients. Serum magnesium was elevated in all cases. The mean serum
pyrophosphate (PPi) level in 18 normals was 3.4 jumol/1, as reported by
Russell et al. (26), with a range of < 1-13 jumol/1. The mean PPi level in
the patients was 4.52 jumol/1, and it too varied markedly (27) within a
range of 1-13.5 /xmol/1. In 13 patients (43%) and five normals (23%),
PPi exceeded the mean normal value. However, since marked variations
occurred in both groups, these findings are not conclusive.

Table 1. Mean predialysis biochemical values in 30 dialysis patients.

Normal values Low

Ca (mmol/1)
PO4 (mmol/1)
Mg (mmol/1)
Ca/PO4 product
Ca/Mg/PO4 product

2.25-2.65
0.81-1.45
0.65-0.98

<3.84
<3.76

16

Normal

13
7

_
12
5

Elevated

1
23
30
18
25

(range)

(2.80)
(1.57- 3.17)
(1.04- 1.86)
(3.88- 8.45)
(3.78-11.25)
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Fig. 2. Markedly increased pulmonary radionuclide uptake due to metastatic calcification.

I'ig. 3. Chest radiograph of the patient with pulmonary calcification, showing marked interstitial
abnormalities.
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Fig. 4. Section from lung biopsy showing marked scattered calcific deposits in thickened alveolar
walls (von Kossa, x 100).

Nonvisceral calcification was demonstrated in the eyes (63%), arteries
(33%), and at periarticular sites (23%). Cutaneous calcification could not
be demonstrated.

Chest films showed calcified upper airways in two patients, without
interstitial abnormalities. A nonspecific fine reticular pattern, suggestive
of pulmonary calcification, was found in three patients but was marked
in only one. The latter also had marked hypoxemia. Postdialysis arterial
blood gas studies revealed markedly low PO2 values (normal 80-100 mm
Hg) in only two other patients. One of these patients had pulmonary
emphysema and the other pulmonary congestion.

With scintigraphy, increased pulmonary radionuclide uptake (Fig. 2)
was noted only in the patient with marked radiographic interstitial
pulmonary abnormalities (Fig. 3). An open lung biopsy yielded histologic
proof of extensive pulmonary calcification (Fig. 4). Pulmonary function
tests showed restrictive and diffusion ventilatory defects and lung scinti-
graphy with Tc-99m macroaggregates revealed multiple small perfusion
defects. Marked ocular, arterial and periarticular calcification was present
as well.

Quantitative data for the spine and chest regions are shown in Fig. 5,
and the chest-to-spine activity ratios in Fig. 6. The mean chest-to-spine
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ratio for normals was 2.08 (range 1.69-2.37) and for the patients 2.71
(range 1.61-4.68). In 66% of the patients these ratios exceeded the upper
limits found in normals. No relationship to the Ca/PO4 or Ca/Mg/PO4

products or to serum pyrophosphate could be established. Although
these ratios are also dependent on the degree of skeletal involvement in
renal osteodystrophy, the highest ratios were found in the three patients
with radiologic abnormalities suggestive of pulmonary calcification. The
highest ratio was that of the patient with proven pulmonary calcification
(Fig. 6). In the two other patients with high activity ratios, the radiologic
interstitial abnormalities disappeared after renal transplantation.
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DISCUSSION

In the present study, pulmonary calcification was found by scinti-
graphy and subsequently confirmed histologically in only one patient.
Elevated chest-to-spine ratios were found in 66% of the 30 patients,
the highest being those of the three patients with radiologic abnormali-
ties suggesting pulmonary calcification. These findings suggest that in-
creased pulmonary radionuclide uptake, although not apparent in the
scan, may have contributed to these elevated ratios. However, since the
presence of pulmonary calcification could not be documented histolo-
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gically in the remaining patients with elevated ratios, this evidence can-
not be considered conclusive.

Pulmonary calcification is known from autopsy studies to occur fre-
quently in chronic renal failure. Conger et al. (1) reported an incidence
of 60%. Kuzela et al. (2) found an incidence of 75%, and calcification
was severe in approximately 50% of these cases. Nevertheless, radiogra-
phic abnormalities are often absent or nonspecific, or may mimic pul-
monary edema or pneumonic infiltrates in severe cases (1-7). The fact
that radiographic abnormalities are often absent can probably be attri-
buted to the smaller size of the crystals in uremic pulmonary calcifica-
tion, which evokes a less intense tissue reaction than larger crystals such
as hydroxyapatite (17, 18).

In uremia, nonvisceral calcification is hydroxyapatite, which has a
crystal structure and chemical composition similar to that of uremic
bone (17, 18). Pulmonary calcification due to other causes in nonuremic
patients has also been shown to be hydroxyapatite (19). However, uremic
pulmonary calcification is not hydroxyapatite but an amorphous or
microcrystalline compound with a high magnesium and pyrophosphate
content (17-19). Alfrey et al. (20) found extensive pulmonary calcifica-
tion in all uremic patients with a markedly elevated magnesium and pyro-
phosphate content in bone and lung, whereas these concentrations were
within normal ranges in uremic patients without pulmonary calcification.
They suggested that a disturbed metabolism of magnesium and pyro-
phosphate - both often being elevated in uremic patients (25-27) —
might be of importance in the pathogenesis of uremic pulmonary calci-
fication (18, 19). Furthermore, they noted that visceral calcification
usually developed in patients who were free of nonvisceral calcification,
suggesting different pathogenic mechanisms for these two types of meta-
static calcification in uremia. Proposed pathogenetic factors for uremic
pulmonary calcification include a raised Ca/Mg/PO4 product (18), or
elevated serum pyrophosphate and/or magnesium levels leading to de-
position of a magnesium-pyrophosphate complex in soft tissue (19). This
would presumably inhibit formation of hydroxyapatite crystals at vis-
ceral sites. However, current theories fail to explain fully why hydroxy-
apatite crystal formation is not inhibited at nonvisceral sites, since these
two types of calcification are also known to coexist (2), as demonstrated
in our patient with pulmonary calcification.

In the present study, serum magnesium was elevated in all patients,
serum pyrophosphate in 13 patients (43%) and the Ca/Mg/PO4 product
was increased in 83% of the patients. This product was highest in the
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patient with proven pulmonary calcification. However, despite the high
incidence of the currently proposed factors predisposing to uremic pul-
monary calcification, and the known high incidence as indicated by
autopsy studies, pulmonary calcification could not be demonstrated with
bone-seeking radiotracers in the remaining patients.

Technetium-99m-labeled phosphate compounds are known to bind to
hydroxyapatite crystals, probably by a process of chemisorption (28).
Less likely, however, is radionuclide binding to amorphous or micro-
crystalline pulmonary calcific deposits with a high pyrophosphate con-
tent. Conger and Alfrey (21) actually demonstrated diminished uptake
of Tc-99m diphosphonates by visceral calcification in vitro. Nonvisceral
calcification with an apatite crystal structure absorbed 98% of the radio-
nuclide from the bath medium, but visceral amorphous calcification ab-
sorbed only 24%. They found no increase in pulmonary radionuclide up-
take in ten chronic dialysis patients, although pulmonary calcification
was demonstrated at autopsy in one case. 01gaard (29) performed bone
scintigraphy in 30 chronic dialysis patients and noted an increase in pul-
monary radionuclide uptake in only three. In similar studies of chronic
dialysis patients, Sy (30) and Neyer (31) did not mention increased up-
take in 14 and 24 patients, respectively. Furthermore, most of the uremic
patients with reported increased pulmonary radionuclide uptake had
concomitant diseases causing hypercalcemia (9-14), which could have
caused pulmonary hydroxyapatite formation. Only Velentzas et al. (33)
reported an increase in pulmonary radionuclide uptake, in the absence
of generalized soft-tissue activity, in 11 of 22 dialysis patients. This up-
take was marked in only two, moderate in five, and minimal in four pa-
tients. However, since skeletal radiotracer uptake was also graded as min-
imal in the latter patients, increased soft-tissue activity must have occur-
red without prior hemodialysis. Thus, in the absence of histologic proof
of pulmonary calcification, it is doubtful whether a minimal increase in
pulmonary radionuclide uptake indicates calcification. The moderate or
marked increased radionuclide uptake in the lungs and skeleton in six
of these patients strongly suggests severe pulmonary calcification, which
could have been caused by vitamin D treatment or, as these authors
suggest, could be attributed to the predominance of these patients under-
going long-term peritoneal dialysis. The latter is less effective in lowering
serum phosphate than hemodialysis, with resultant higher Ca/PO4 pro-
ducts, and possibly the removal of the inhibitors of calcification (34).

From this study it appears that bone scintigraphy is not a sensitive
technique for detecting uremic pulmonary calcification, except in severe
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cases. The affinity of bone-seeking radiotracers for uremic pulmonary
calcification is apparently less than that for hydroxyapatite calcification,
as indicated by the demonstration of diminished uptake in vitro (21).
Whether in the absence of clearly visible pulmonary radionuclide uptake,
markedly elevated chest-to-spine ratios are indicative of milder forms of
pulmonary calcification could not be confirmed. Hence, accurate diag-
nosis still depends on histologic examination of lung tissue; but bone-
seeking radiopharmaceuticals might prove useful in detecting severe
pulmonary calcification, and scintigraphy should be performed in uremic
patients with nonspecific chest-film abnormalities and/or markedly dis-
turbed pulmonary function (1).
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SUMMARY

The value of 9 9 m Tc HEDP bone scintigraphy as a means of detecting
metastatic gastric calcification was studied in 45 chronic dialysis patients
and in 55 former dialysis patients. For this group, all bone scans were ob-
tained within 2 months after successful transplantation; radiotracer up-
take by the stomach was not observed. In 15 of the first 35 chronic
dialysis patients studied, gastric uptake was demonstrated without radio-
active accumulation in tLe thyroid region. In all the dialysis patients,
however, background activity had been normalized before scintigraphy
by means of hemodialysis using recirculating dialysate. Without the latter,
radioactive accumulation in the stomach was no longer noted. Thus, gas-
tric uptake was presumably due to the formation of in vivo free pertech-
netate, as a result of the dialysis method used, and in vitro experiments
supported this hypothesis.

These findings show that free pertechnetate can cause visualization of
the stomach in the absence of thyroid imaging. The results of this study
further indicate that bone scintigraphy is not a sensitive method for de-
tecting metastatic gastric calcification in uremia.

INTRODUCTION

According to recent autopsy studies (1, 2), metastatic gastric calcifi-
cation develops in about 52-60% of the patients with chronic renal
failure. This frequent complication, however, cannot be detected by
radiographic methods (3), and accurate diagnosis depends on histologic
examination of stomach tissue.

The occasionally noted uptake of bone-seeking radiotracers in the
stomach of patients with renal failure, without uptake in the thyroid
region (3-9), suggested that bone scintigraphy might be a sensitive
method for the detection of this complication.

The results of " m T c HEDP scintigraphic studies in 100 patients on
chronic dialysis or shortly after successful renal transplantation are
presented in this paper.
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MATERIALS AND METHODS

9 9 m Tc HEDP bone scintigraphy was performed in 45 patients on
regular hemodialysis. In addition, the bone scans of 55 former dialysis
patients, which were obtained in all the cases within 2 months after
successful renal transplantation, were re-examined for the presence of
gastric radiotracer uptake. In all of the latter patients, bone scintigraphy
had been performed 3 h after intravenous administration of 10 mCi
9 9 mTcHEDP.

Standardized images were obtained in both groups with the use of the
same large-field gamma camera.

The bone scans in the 45 dialysis patients were obtained 6 h after the
intravenous administration of 10 mCi " m T c HEDP per 70 kg body-
weight. A different method was used for the dialysis patients because all
these patients were dialyzed before scintigraphy to lower their elevated
circulating activity, due to the lack of renal radiotracer excretion, to
levels found in normals (10).

Initially, 35 dialysis patients were studied. Data on the first 30 patients j
studied and the method used for all the dialysis patients in this study j
have been published in detail (10, 11). In a second study, performed (
about P/2-2 years later, another 10 patients were studied, who had come
to dialysis after the first study was completed. In addition, bone scin-
tigraphy could be repeated in 24 of the first 35 dialysis patients studied.
Meanwhile, 3 of the latter patients had died, 5 patients had received
renal transplants and 3 patients had left our dialysis center.

The dialysis method used before scintigraphy was identical for the
two groups of dialysis patients, with one exception. In the first group
of 35 dialysis patients studied, the artificial kidney was connected to a
so-called 'single-patient unit' with recirculating dialysate. In the second
study of 34 dialysis patients, the same artificial kidney was used, but
without recirculating dialysate. The reasons for this change in the dialysis
method will be discussed.

RESULTS

Gastric radiotracer uptake was not observed on the bone scans, ob-
tained in the 55 former dialysis patients within 2 months after successful
transplantation.
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In the initial study of 35 chronic dialysis patients, however, images of
the stomach region demonstrated gastric radiotracer uptake in 17 pa-
tients. In only 2 of these patients did marked uptake by the thyroid
glands indicate the secretion of in vivo free pertechnetate. In the re-
maining 15 patients, gastric radiotracer uptake was minimal in 11 patients
and marked in 4. In these 15 patients, however, radiotracer uptake in the
thyroid region was not evident. Furthermore, the same radiopharmaceu-
tical batch did not produce gastric uptake in nonuremic patients and
thin-layer chromatography showed a binding efficiency of more than
97%. Thus, it was initially concluded that radiotracer uptake by the
stomach in these 15 patients indicated gastric calcification.

Histologic evidence of gastric calcification could not, however, be ob-
tained in 2 patients with mild gastric radiotracer uptake. Stomach tissue
was obtained in one patient by means of gastric biopsies and in the other
at autopsy. To further exclude the formation of in vivo free pertech-
netate, possibly as a result of the passage of the radiopharmaceutical
through the artificial kidney and/or the use of recirculating dialysate,
scintigraphy was repeated in a patient with marked gastric radiotracer
accumulation, but without prior hemodialysis. As shown in Fig. 1, the
stomach was no longer visualized.

Thus, despite the absence of radiotracer uptake in the thyroid region,
these findings strongly suggested in vivo free pertechnetate secretion as
the cause of gastric visualization in these 15 patients. For this reason,
recirculating dialysate was not used in the second study and radiotracer
uptake by the stomach was no longer noted in the 34 patients then
studied, including 10 patients who demonstrated gastric uptake in the
first study (Fig. 2). Follow-up scintigraphic studies of the other 5 dialysis
patients, who showed gastric uptake in the first study but were transplant-
ed thereafter, did not demonstrate gastric radiotracer uptake either.
The bone scans in 3 of these patients had been obtained more than 2
months after transplantation, however.

In order to obtain further information about the chemical behavior
of the radiopharmaceutical under dialysis conditions and to study the
formation of free pertechnetate, a number of in vitro experiments were
performed.

A fresh preparation of 9 9 m Tc HEDP revealed 0.6% (SD 0.0%) free per-
technetate according to standard thin-layer chromatography techniques.
When the radiopharmaceutical was administered to a closed-circuit sys-
tem, using saline to perfuse the artificial kidney, which was not connected
to the dialysate fluid, a constant concentration of free pertechnetate of
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lig. la. Marked gastric radiotracer uptake without thyroid uptake, suggesting gastric calcification.
Images were obtained after dialysis with recirculating dialysate.
lb . Chest image of the same patient, obtained 2 weeks later without prior dialysis. The stomach
is not visualized.

lig. 2a. Kxample of mild gastric radiotracer uptake after dialysis with rccirculating dialysate.
2b. Chest image of the same patient after dialysis, but without recirculating dialysate. Note ab-
sence of gastric uptake.
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18.5% (SD 1.2%) was observed in consecutive samples obtained between
1 min and 1 h thereafter. This presumably resulted from decomposition
of 9 9 m Tc HEDP due to the slightly acid (pH 5.5 to 6.0) saline medium.
When dialysate fluid was added to this system, the amount of free per-
technetate increased within 5 min to 31.2% (SD 2.8%) and remained
constant during the next hour. When the radiopharmaceutical was
separately added to saline and pure dialysate fluid, chromatographic
analysis yielded 12.2% (SD 0.8%) and 66.1% (SD 0.5%) free pertechne-
tate, respectively.

These in vitro experiments suggested that free pertechnetate forma-
tion was not caused by the passage of the radiopharmaceutical through
the artificial kidney but originated from radiochemical interaction with
saline and constituents of the dialysate fluid. The latter contains calcium
and magnesium in concentrations of 1.6 and 0.6 mmol/1, respectively.
Competitive chemical binding of these cations to HEDP (16) most likely
caused the formation of free pertechnetate in this reaction mixture.

DISCUSSION

In the first 35 chronic dialysis patients studied, uptake of the radio-
tracer by the stomach was suggested in 15 patients. Histologic evidence
of calcification, however, could not be obtained in 2 of these patients.
Furthermore, this phenomenon was not reproducible in a patient with
marked stomach uptake, without the use of hemodialysis before scinti-
graphy, and did not occur in any one of the 34 patients studied when the
use of a recirculating dialysate system before scintigraphy was abandoned.
Thus, as supported by the results of in vitro studies, the observed uptake
by the stomach in these 15 patients must have resulted from the secre-
tion of small amounts of free pertechnetate, which was introduced in
the patients by the use of recirculating dialysate.

Interestingly, the formation of free pertechnetate resulted in gastric
visualization in 15 patients but without uptake in the thyroid gland.
The latter is generally used as a criterion for the absence of in vivo free
pertechnetate. Thus, gastric visualization on bone scans without thyroid
imaging does not necessarily indicate the presence of gastric calcification
or exclude in vivo free pertechnetate.

The results of this study further indicate that bone-seeking radiotracers
are not suitable for the routine detection of metastatic gastric calcifica-
tion in uremic patients. Since this complication develops in over 50% of
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chronic dialysis patients (1, 2), we consider it unlikely that gastric calci-
fication did not occur in the 100 patients examined. Furthermore, in the
first 30 dialysis patients studied, a high incidence of predisposing factors
for metastatic calcification was found and calcification was recorded at
other sites (11). Although metastatic calcification may regress after suc-
cessful transplantation (12), this would not be expected to occur within
2 months after transplantation, even when adequate graft function is
achieved.

The insensitivity of bone-seeking radiotracers for metastatic gastric
calcification in uremic patients is probably due to a different crystalline
and chemical composition of these deposits. Whereas nonvisceral calcifi-
cation in uremia is hydroxyapatite, which would absorb the radiotracer,
calcification in visceral organs is a more amorphous calcium phosphate
compound with a high magnesium and pyrophosphate content (13, 14).
This type of calcification was found in the heart and lungs of uremic
patients (14) and a low affinity of bone-seeking radiotracers for such
a calcification was demonstrated in vitro (15). To our knowledge, it
is at present not known whether this peculiar visceral type of calcifi-
cation also develops in the stomach of uremic patients. The inability to
detect gastric calcification with bone-seeking radiotracers in this study,
however, supports the hypothesis that gastric calcification is similar to
other visceral calcifications in uremia.

Nevertheless, calcification of the stomach was occasionally detected
with bone scintigraphy in uremic patients (3-9), but was histologically
proven in only 2 cases (3, 4). Since most of these patients had a con-
comitant malignant disease (3-8) and all patients were — often markedly —
hypercalcemic, it is suggested that the gastric uptake of radiotracer in
these patients occurred as a result of either extensive visceral-type calci-
fication and/or the formation of hydroxyapatite calcification.

ADDENDUM

The phenomenon that pertechnetate causes gastric visualization in the
absence of thyroid imaging was further investigated. Figure 3 shows the
thyroid and stomach images obtained in a normal volunteer after the
intravenous administration of 2.8 mCi sodium pertechnetate. The time
activity curves for the thyroid and stomach, assessed by calculating the
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Fig. 3. Gastric- and thyroid images (120 sec.) obtained in a normal volunteer after the intravenous
administration of 2.8 mCi sodium pertechnetate.
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counts per channel in these organs with a computer, are shown in Figure
4. Two minute images were obtained. The quantitative data presented
were corrected for radioactive decay.

Figure 4 shows that the maximum accumulation of pertechnetate in
the thyroid occurs after 30 min. Since the thyroid does not process
the initially trapped pertechnetate, it is gradually released from the gland
as the blood concentration falls. It is conceivable that the thyroid images
obtained after 6 hours (Fig. 3) will not be detectable if such faint imaging
occurs during bone scintigraphy, as the radioactivity accumulated in the
surrounding skeletal parts will far exceed that in the thyroid (Figs. 1 and
2).

In contrast, accumulation of pertechnetate in the stomach continues
up to 1 Vi-2 hours and hereafter, the stomach retains — or continues to
accumulate — the pertechnetate (probably in the gastric mucosal cells
(17)) up to 6 hours after injection (Fig. 4). Meanwhile, small amounts of
pertechnetate appear to be secreted by the stomach into the small in-
testine (Fig. 3) and/or possibly diffuse from the blood to the intestinal
mucosa cells. Between 6 and 9 hours following injection, a marked de-
crease in the stomach concentration occurs and after about 9 hours, the
majority of the retained pertechnetate appears to have accumulated in
the colon.
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Fig. 4. Time activity curves for the thyroid and stomach, corrected for radioactive decay.
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Thus, the ability of the stomach — in contrast to the thyroid gland —
to maintain a high concentration of pertechnetate up to 6 hours explains
the phenomenon of gastric visualization in the absence of thyroid imaging.
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SUMMARY

Calcification of the skin could not be demonstrated in 60 skin biopsy
specimens, selectively obtained from 30 chronic hemodialysis patients;
21 of these patients had metastatic calcification at other sites. These
results support the proposed rarity of metastatic skin calcification in pa-
tients with chronic renal failure. The cause of this phenomenon is not
precisely known.

INTRODUCTION

Metastatic calcification, a frequent complication of chronic renal
failure, may occur when the solubility product of calcium x phosphate
is exceeded (9). Although all tissues may become involved (7, 9), calcifi-
cation of the skin appears to be a rare phenomenon in uremic patients
(4, 6, 9, 10, 12) despite the fact that the calcium content of the skin is
often markedly elevated (8). When present, the calcification is frequently
located in the skin around the large joints and may produce papular or
nodular skin lesions (4, 6, 10, 12). j

We studied the occurrence of metastatic calcification and skin involve-
ment in 30 chronic dialysis patients and investigated whether subclinical
skin calcification occurs, as has been demonstrated in cases of idiopathic
calcinosis cutis (2).

MATERIALS AND METHODS

The median age of the 30 dialysis patients was 37 years (range 15-58)
and the median duration of dialysis was 41 months (range 4-101). For all
patients, the CaxPO4 products (normal value < 3.84 mmol/1) were cal-
culated from the mean of 5 consecutive predialysis values, collected
within 3 months of this study.

Metastatic calcification at nonvisceral sites, i.e. in the arteries, eyes
and periarticular soft tissues, was evaluated by means of radiological skel-
etal surveys and ocular slit lamp examination.

In each case the presence of metastatic skin calcification was investigat-
ed by means of histologic and radioisotope studies of two punch skin
biopsies, obtained from suspected lesions and/or predilection sites of cal-
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cification. Twenty patients were without skin lesions; these biopsies wure
taken at the elbow and the knee; 10 patients showed papular or hyper-
keratotic skin lesions (Fig. 1); one biopsy was obtained from a lesion and
the other from normal skin at the elbow or knee. None of the lesions
contained chalky material.

Fig. 1. Example of hyperkeratotic and papular skin lesions on the forearm of a dialysis patient,
suggesting metastatic skin calcification.

The skin samples were processed after fixation in 4% buffered neutral
formalin, stained with hematoxylin and eosin and the von Kossa method
and examined histologically. Fragments of biopsies taken from 5 patients
with marked metastatic calcification at other sites were fixed in 1.5%
buffered glutaraldehyde and processed for electron microscopy studies.
Sections 1 jum thick were screened first by means of light microscopy;
ultrathin sections of the papillary dermis were then examined under high
magnification for the presence of crystals for at least 1 h.

In addition, an attempt was made to detect skin calcification, i.e.
hydroxyapatite crystals, with bone-seeking radiotracers. For this purpose,
all the biopsies were taken 5 h after intravenous administration of the
radiopharmacon (Tc-99m EHDP) and just prior to bone scintigraphic
studies. Details of the method used and the patients studied have been
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published elsewhere (3). Skin biopsies were obtained in a similar manner
from 8 normal controls.

For both groups, the biopsies were weighed after the removal of excess
fluid. Circulating blood radioactivity at the time of the biopsy and the
radioactivity in the biopsy specimens were registered in a single chain
analyzer. This procedure took less than 5 min and all of the skin samples
could be fixed within this period. Hereafter, skin/blood radioactivity
ratios were calculated and compared with those found for the normals.

RESULTS

An elevated CaxPO4 product was present in 18 patients (60%). A
total of 21 patients (70%) showed calcification at one or more sites other
than the skin. Ocular calcification was found in 19 patients (63%), arter-
ial calcification in 11 (33%) and periarticular soft tissue calcification in
7 (23%).

Calcification of the skin could not be detected by means of radioiso-
tope studies*; the skin/circulating blood radioactivity ratios for the pa-
tients did not exceed those calculated for the normals. It was presumed
that the calcified skin, when present, would absorb the bone-seeking
radiotracer, which has a high affinity for hydroxyapatite crystals (5),
producing an elevated radioactivity ratio compared to that for normals.
This hypothesis could not be confirmed.

Histological examination of the skin sections, however, did not show
basophilic or von Kossa-positive deposits, which would indicate calcifi-
cation, in any of the 60 biopsy specimens examined. Those obtained
from the ten papular or hyperkeratotic skin lesions showed hyperkera-
tosis with mild acanthosis in 4 cases, papillomatosis in 2 cases and chronic
inflammation in 2 cases. An increase in the melanin concentration in the
epidermis was observed in 9 patients; clinically a patchy, irregular pig-
mentation of the skin was noted.

Electron microscopy studies of the skin samples taken from the 5 pa-
tients with marked calcification in the eyes, arteries and periarticular
soft tissue also failed to demonstrate crystal deposits in the skin.

•Suggested by Dr. S.A. Duursma, University Hospital, Utrecht.
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DISCUSSION

Kolton and Pederson (6) reviewed the literature on metastatic skin cal-
cification in chronic renal failure and found only 8 reported cases, to
which they added one of their own. The recent autopsy findings of Ku-
zela et al. (7), who encountered only 1 case of skin calcification in 76
uremic patients, and the results of our study further support the proposed
rarity of metastatic skin calcification, even in patients with long-standing
renal failure.

In the present study, neither clinical nor subclinical skin calcification
could be demonstrated in 30 dialysis patients, 21 of whom had meta-
static calcification elsewhere. In addition, 18 patients had an elevated
CaxPO4 product which predisposes to calcification, although this pro-
duct is probably only one of the many factors involved in the pathogene-
sis of metastatic calcification (9).

A proper explanation for the infrequent occurrence of calcification
in uremic skin, despite an often elevated calcium content (8), is lacking.
Possibly, the relative acidity of the skin increases the solubility of cal-
cium phosphate and thus partially prevents its deposition (9). In uremic
patients, the active secretion by sweat glands of calcium, phosphate and
magnesium — in contrast to the secretion of monovalent ions (11) —
could also contribute to the removal of calcium and phosphate from the
skin. An increase in local or systemic inhibitors of calcification, such as
magnesium and inorganic pyrophosphate (1, 13), might stabilize the
initial amorphous calcium phosphate deposits and delay or prevent con-
version to crystalline hydroxyapatite. These crystal inhibitors were
found to be present in increased amounts in visceral amorphous calcium
phosphate deposits (1), but an increase in pyrophosphate has, to our
knowledge, not been demonstrated in the skin.

The presence of increased amounts of circulating inhibitors of calcifi-
cation alone would not adequately explain the low incidence of skin cal-
cification in uremic patients, since calcification at other sites would then
be inhibited as well. Thus, local tissue factors are presumably of more
importance in the prevention of skin calcification, but their precise nature
remains to be determined.



135

REFERENCES

1. Alfrey, A.C., Solomons, C.C., Ciricillo, J. et al.: Extraosseous calcification. Evidence for ab-
normal pyrophosphate metabolism in uremia. J. Clin. Invest. 57: 692,1976.

2. Cornelius, C.E., Tenenhouse, A. and Weber, J.C.: Calcinosis cutis. Metabolic, sweat, histo-
chemical, X-ray diffraction, and electron microscopic study. Archs Derm. 98: 219, 1968.

3. de Graaf, P., Schicht, I.M., Pauwels, E.K.J. et al.: Bone scintigraphy in renal osteodystro-
phy. J. Nud. Med. 19: 1289,1978.

4. Eisenberg, E. and Bartholow, P.V.: Reversible calcinosis cutis. Calciphylaxis in man. New
Engl.J. Med. 268: 1216,1963.

5. Francis, M.D., Russell, R.G.G. and Fleisch, H.: Diphosphonates inhibit formation of calcium
phosphate crystals in vitro and pathological calcification in vivo. Science 165: 1264,1969.

; 6. Kolton, B. and Pederson, J.: Calcinosis cutis and renal failure. Archs Derm. 110: 256,1974.
7. Kuzela, D.C., Huffer, W.E., Conger, J.D. et al.: Soft tissue calcification in chronic dialysis j

patients. Am. J. Pathol. 86:403,1977.
8. Massry, S.G., Coburn, J.W., Hartenbower, D.L. et al.: Calcium and magnesium content in

skin of patients with uremia or calcemic disorders. Clin. Res. 19:188,1971.
9. Parfitt, A.M.: Soft-tissue calcification in uremia. Archs Int. Med. 124: 544,1969.

10. Posey, R.E. and Ritchie, E.B.: Metastatic calcinosis cutis with renal hyperparathyroidism. j
Archs Derm. 95: 505,1967. !

11. Prompt, C.A., Quinton, P.M. and Kleeman, C.R.: High concentrations of sweat calcium, I
magnesium and phosphate in chronic renal failure. Nephron 20: 4,1978. j

12. Putkonen, T. and Wangel, G.A.: Renal hyperparathyroidism with metastatic calcification j
of the skin. Dermatologica 118:127,1959. i

13. Russell, R.G.G., Bisaz, S. and Fleisch, H.: Pyrophosphate and diphosphonates in calcium j
metabolism and their possible role in renal failure. Archs Int. Med. 124: 571,1969. j



. Si



Chapter X

OCULAR CALCIFICATION IN DIALYSIS PATIENTS

P. de Graaf, B.C.P. Polak, D. de Wolff, I.M. Schicht, J.A. Oosterhuis and.J. de Graeff

Accepted for publication in Metabolic Ophthalmology





139

SUMMARY

Corneo-conjunctival calcification was found with slit lamp biomicros-
copy in 19 out of 30 dialysis patients and was often detected before
metastatic calcification elsewhere. Corneal calcification could in most
cases be distinguished from Vogt's white limbus girdle. It could be corre-
lated with an elevated CaxPO4 product and it progressed with both the
duration of dialysis and age. Furthermore, the incidence of pinguecula
was significantly higher than in a control group and histologic examina-
tion of one autopsy eye demonstrated calcification, mainly at the limbus.
in elastosis. Regression of corneal calcification occurred, after both trans-
plantation and parathyroidectomy but mainly in some of the younger
patients. These findings suggest that degenerative ocular changes, in-
fluenced by age and uremia, predispose to calcification in the presence of
an elevated CaxPO4 product. Thus, ocular calcification in uremia may be
considered as a combined form of metastatic and dystrophic calcification.

INTRODUCTION

Corneal and conjunctival calcification, a frequent complication of
chronic renal failure, usually occurs in the limbal area exposed by the
interpalpebral fissure (1-13). This is thought to be due to a relatively
high alkalinity, resulting from the diffusion of CO2 from the exposed
eye surface, which promotes the deposition of calcium salts when the
CaxPO4 product is elevated. The latter is generally thought to be the
main pathogenetic factor involved in ocular calcification (3-8, 12). How-
ever, the frequent presence of pinguecula — or histologic elastosis — in
the eyes of uremic patients with calcification (3, 5, 7, 11, 13) suggests a
pathogenic role for local degenerative changes as well. Ehlers et al. (7)
suggested that such degenerative changes in patients with uremia may be
considered as accelerated age changes. Furthermore, limbal calcification
in uremia may resemble, or even be indistinguishable from, Vogt's white
limbus girdle (2, 5, 7, 9, 13), a supposedly degenerative age change (14).
This raises the question: to what extent do age and possibly uremia con-
tribute to degenerative ocular changes and thereby to calcification.

Ocular calcification is usually asymptomatic although conjunctival
inflammation due to crystal deposition, better known as "red eyes",
has been reported (2-4, 6-8, 10). This has been noted to improve after
the CaxPO4 product is reduced (3, 4). Corneal calcification, however.
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usually does not improve after reduction of this product, whether
achieved by diet, phosphate-binding antacids and/or adequate dialysis
(3, 4, 7, 8, 10, 13, 18). Regression of corneal calcification has only been
reported after successful renal transplantation (6-8, 12); however to our
knowledge, the effect ofparathyroidectomy has not yet been investigated.

We studied ocular calcification in our dialysis population and investi-
gated the relationship with the predisposing factors mentioned above, as
well as the effect ofparathyroidectomy and renal transplantation.

MATERIALS AND METHODS

Thirty patients, 20 males and 10 females, on regular hemodialysis
were studied. The median age was 37.5 years (range 22-58), the median
duration of dialysis 41 months (range 4-101). The creatinine clearance
was less than 5 ml/min throughout. All patients were on phosphate-
binding antacids and 7 patients received 0.2 mg dihydrotachysterol daily.
Subtotal parathyroidectomy had previously been performed in 5 patients.
Renal osteodystrophy and metastatic calcification were established by
means of iliac crest bone biopsies and biochemical, radiographic and scin-
tigraphic studies, as previously reported (15). The CaxP04 products
were calculated from the mean of five consecutive predialysis calcium
and phosphate values, collected during a period of about 3 months (nor-
mal values < 3.84 mmol/1).

Conjunctival and corneal calcification, which were evaluated by slit
lamp biomicroscopy and hand light examination, were expressed in three
grades of intensity. Strictly conjunctival calcification, only visible with
the slit lamp, was graded as (1). Conjunctival and corneal calcification,
confined to the limbus without a clear interval but also visible with a
hand light, was graded as (II). Extensive corneal calcification, extending
beyond the limbus and visible with diffuse illumination, was graded as (III).

Subsequently an attempt was made to establish a correlation between
the three grades of ocular calcification and the presence of other sites
of metastatic calcification, the CaxP04 products, the biochemical and
histologic signs of hyperparathyroidism, the duration of hemodialysis
and the patient's age.

After the first ocular examination, 5 patients were re-examined 5-10
months after successful renal transplantation and 11 patients were re-
examined 5-16 months after subtotal parathyroidectomy. All but one of
the latter then received phosphate-binding antacids, calcium and dihydro-
tachysterol daily.
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Two patients died during the course of this study. One patient, with
severe ocular calcification and an elevated CaxPO4 product of 6.60, had
a urinary tract carcinoma and died after 65 months of hemodialysis. The
other patient, with a normal CaxPO4 product and no detectable calcifi-
cation, had leukemia and died after a dialysis period of 31 months. In
both cases, the eyes were removed at autopsy, fixed in 4% buffered
neutral formalin, dehydrated in a graded series of alcohol solutions and
embedded. Serial horizontal sections 14 /x thick were stained with
periodic acid-Schiff (PAS), hematoxylin-eosin (HE) and von Kossa; they
were examined by light microscopy.

RESULTS

Slit lamp biomicroscopy revealed some degree of ocular calcification in
19 of the 30 patients (63%). As seen in Table 1, only one patient had
strictly conjunctival calcification; the remaining 18 patients all had cor-
neal calcification as well. The latter generally appeared as white, coarse,
superficial subepithelial deposits in the interpalpebral limbal region,
both on the nasal and temporal sides. Only grade II calcification, which
was found in 4 patients — all below the age of 40 (mean age: 34 yr) —
could not accurately be distinguished from Vogt's limbus girdle since the
absence of a clear area of cornea may occur in the latter condition as
well (14).

Table 1. Incidence of ocular calcification as related to other sites of metastatic calcification.

Ocular Subjects
calcification (total = 30)

(Grade) No. (%)

0 11 (37) 2/11
1 1 (3) —
II 4 (13) — — —
HI 14 (43) 9/14 8/14 1/14

Arterial
calcification

No.

Penarticular
calcification

No.

Other
calcificaton

No.

Grade III calcification in the remaining 14 patients, however, could be
distinguished from Vogt's girdle as the calcification had extended
markedly onto the cornea and conjunctiva. Furthermore, this extensive
calcification was similar in appearance at all ages and, in contrast with
Vogt's girdle, could easily be seen with diffuse illumination or the naked
eye. An example of such grossly visible calcification in a dialysis patient,
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Fig. ] . Example of grade III calcification, as seen with the naked eye. Note conjunctival inflam-
mation ("red eyes").

who also had "red eyes", is shown in Fig. 1. Conjunctival inflammation
was not found in the remaining patients.

Slit lamp biomicroscopy further revealed the presence of pinguecula in
all the patients examined. This incidence was significantly higher than
was found by the same examiner in a control group of 100 normal sub-
jects. The incidence of pinguecula in 50 normals below the age of 40 was
20% and above the age of 40 was 40%. Furthermore, none of the control
subjects showed limbal abnormalities such as found in the dialysis pa-
tients.

Other sites of metastatic calcification were found in 10 out of the 14
patients with grade HI ocular calcification. None were detected in the
5 patients with grades I and II ocular calcification and only 2 patients
without ocular calcification showed calcification elsewhere (Table 1).

The biochemical values, summarized in Table 2, indicate that only

Biochemical
data

Ca
PO4

Ca x PO4

Table 2. Mean predialysis biochemical values* in 30 patients.

Normal values
(mmol/1)

(2.25-2.65)
(0.81-1.45)

« 3.84)

Low
No.

15

Normal
No.

14
7

11

Elevated
No. (range)

1 (2.80)
23(1.57-3.17)
19 (3.88-8.45)

*Mean of five consecutive biochemical values, collected just prior to each hcmodialysis.
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one patient was hyperc.tlcemic and that the elevated CaxPO4 products
resulted from hyperphosphatemia in 18 out of 19 patients. This product
showed a statistically low significant relationship with the presence of
ocular calcification (Student's Mest: t = 2.34, 0.25 <p < 0.05).

Although the CaxPO4 product is also influenced by the degree of
hyperparathyroidism (18), no relationship between ocular calcification
and hyperparathyroidism could be established. There was no correlation
between the incidence and/or severity of ocular calcification and either
the serum parathyroid hormone and alkaline phosphatase values or the
histologic degree of bone turnover indicating hyperparathyroidism.

Ocular calcification showed a statistically significant relationship with
the duration of hemodialysis (Student's Mest = 3.91, P < 0.001). A
positive relationship with the patient's age was also found. When the pa-
tients were separated into two arbitrarily chosen age groups (Table 3),
grade III calcification was found in 9 out of 12 patients (75%) above the
age of 40 and in only 5 out of 18 patients (27%) below the age of 40.

Table 3. Relationship between age and ocular calcification.

Age
(yr)

<40
>40

No. of patients
(total = 30)

18
12

Grade I
No.

1

Ocular

Grade II
No.

4

calcification

Grade III
No. (%)

5
9

(27)
(75)

The results of renal transplantation and subtotal parathyroidectomy
are summarized in Table 4. Corneal calcification, present in 3 out of the
5 patients who received a transplant, regressed in two of these patients.
This was more marked in the youngest patient. Of the 11 patients who
underwent subtotal parathyroidectomy, 8 had corneal calcification. It
regressed in only two cases, remained unchanged in 5 patients and pro-
gressed in one. The conjunctival inflammation subsided in the patient
with "red eyes", but corneal calcification remained unchanged. Although
the CaxPO4 product had normalized in 4 of the 8 patients with calcifi-
cation, regression of corneal calcification was found only in the two
youngest patients (28 and 30 years old, respectively).

Light microscopy of the right eye of the deceased patient with clinical
severe calcification showed deposition of von Kossa-positive material,
indicating calcium-phosphate deposits. These deposits were noted in
the limbal region, mainly subepithelial and to a lesser extent in the
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Table 4. Effects of renal transplantation (TR) and subtotal parathyroidectomy (PTX) on corneal
calcification.

Data

TR

PTX

Total No.
of patients

5
11

No. of
patients

3
8

Corneal

Improved

2
2

calcification

Unchanged

1
5

Progressed

1

basal epithelial layers (Fig. 2). H.E. staining showed elastosis of the sub-
epithelial connective tissue and PAS staining suggested the presence of
mucopolysaccharides in these deposits. Mild calcification was also ob-
served in the ciliary processes and in the sclera. Calcification could not
be demonstrated in the eyes of the deceased patient without clinical
signs of calcification.

Fig. 2. Histologic section of the right eye of a deceased patient with grade HI calcification. Note
calcific deposits (black) in the limbal area, mainly subepithelial but also in the basal epithelial
cells (von Kossa, x 20).
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DISCUSSION

Ocular calcification is the most common type of metastatic calcifi-
cation in patients with renal failure (18). The high incidence found in
our dialysis patients (63%) is in agreement with that reported by others
(7, 8, 10-12). This study further demonstrates that ocular calcification
often occurs, or can be diagnosed, before metastatic calcification at
other sites. This illustrates the importance of periodic ocular examina-
tion for the early detection of metastatic calcification in uremia.

Calcification at the limbus could in most cases be distinguished from
Vogt's limbus girdle, since the latter does not markedly extend onto the
cornea and conjunctiva and is usually not visible by diffuse illumination,
hand light or even direct illumination biomicroscopy (14). Furthermore,
Vogt's limbus girdle would not be expected to regress after transplanta-
tion or parathyroidectomy, which occurred in several of our patients. In
the 4 patients with grade II calcification, all below the age of 40, the cal-
cification was also visible with hand light examination. Moreover, Vogt's
girdle is rarely found in normal subjects below the age of 40 (14). Thus,
in our opinion, the limbal abnormalities found in the dialysis patients
represent calcification in all the cases. However, in the older patients,
calcification may have been superimposed on a pre-existing Vogt girdle.

The histopathological findings, which were similar to those reported
by others (6, 7, 11, 13, 16, 17), indicated that calcification is generally
subepithelial in the limbal region in areas of elastosis. However, calcifi-
cation may also occur at other ocular sites, as previously demonstrated
in autopsy eyes by Demco (11) and Berkow et al. (17). In uremia, extra-
cellular (16) as well as intracellular (7, 11, 17) deposition of calcium-
phosphate crystals has been reported and Berkow et al. (17) have shown
that calcium can be deposited intracellularly as large hydroxyapatite
crystals. They attributed this to an excess of parathyroid hormone. In
our study, however, no relationship between the degree of hyperpara-
thyroidism and ocular calcification could be established.

The well-known relationship with an elevated CaxPO4 product (3-8.
12) was confirmed and in addition, a positive relationship was found
with the duration of dialysis (8, 12) and the age of the patients; the
latter relationship was not found by others (2, 11). Furthermore, de-
generative ocular changes - as indicated by the presence of pinguecula -
were found in all patients and confirmed histologically in one patient.
This supports the concept suggested by Ehlers et al. (7) that uremia
accelerates degenerative ocular changes. Since degenerative tissue is
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known to predispose to calcification (16) and ocular calcification was
found to progress with both the duration of dialysis and age, these find-
ings suggested that degenerative changes are a significant factor in the
pathogenesis of ocular calcification as well.

Corneal calcification, which according to others (6-8, 12) regresses
only after successful renal transplantation, was also found to regress in
2 patients after parathyroidectomy and normalization of the CaxPO4

product; this has not been reported previously. However, the observation
that this occurred only in the two youngest patients further supports
the proposed influence of degenerative changes; the degree of the latter
possibly also affects eventual elimination of the calcification (18).

Thus, ocular calcification in uremia may be considered as a combined
form of metastatic and dystrophic calcification, depending mainly upon
the elevation of the CaxPO4 product but also on local degenerative
changes, which are influenced by age, the duration of dialysis and proba-
bly also the duration of the renal disease (7), although the latter was not
investigated in this study.
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INTRODUCTORY REMARKS

The studies presented in this section concern the clinical aspects of
posttransplant hyperparathyroidism (PTHP). In our transplant center,
interest in this syndrome was stimulated by the lack of a clear insight
into its prevalence, duration, need for treatment and potential complica-
tions, in particular its effect on renal graft function and pre-existing renal
bone disease and the development of avascular necrosis of bone (ABN).

Between March, 1966, and March, 1978, 338 renal transplantations
were performed in 315 patients in our center. Six patients who received
a transplant in other centers were under the care of our department as
well. As of the end of March, 1978, 202 patients had functioning grafts
but the follow-up of 32 of these patients took place at other centers. For
the remaining 170 patients, the clinical significance of PTHP was investi-
gated in a retrospective study which commenced in July, 1978. Since
serial bone biopsies had not been performed, the influence of PTHP on
the course of renal osteodystrophy could not be studied. Furthermore,
the absence of iPTH and serum ionized calcium values for these patients
limited the accuracy of these studies to some extent since only elevated
total serum calcium levels could be used as a valid diagnostic criterion
for PTHP.

Taking these shortcomings into account, we investigated the incidence
of PTHP, the occurrence of hypercalcemia after transplantation (in rela-
tion to the prednisone dosage and graft function), the duration of PTHP,
the effect of treatment with oral inorganic phosphate, the effect of the
hypercalcemia on renal graft function and the relationship between
PTHP and ABN. The latter serious complication of renal transplantation
was of particular interest since its prevalence in our center appeared to
be high. Corticosteroid treatment was presumed to be the major factor
in the pathogenesis of ABN but this assumption had not yet been tested.
The incidence of ABN was assessed by radiographic analysis; the diagnos-
tic efficacy of bone scintigraphy in this respect was investigated as well.
The relationship between ABN and possible predisposing factors, in par-
ticular corticosteroid treatment, was studied. Since a significant relation-
ship (p < 0.001) was found only between the occurrence of ABN and the
amount of corticosteroids administered within the first half year after
transplantation, differences in corticosteroid treatment might account
for the highly variable incidence of ABN found throughout the years
(Fig. 1). This hypothesis, however, was not investigated further. The
studies on PTHP and ABN are presented in Chapter XII.
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% of patients with
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Fig. 1
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The course of extraskeletal calcification after renal transplantation
was not investigated but the case of one graft recipient with PTHP and
progressive metastatic vascular calcification leading to lethal cutaneous
necrosis is presented to focus attention on this rare but potentially fatal
complication of PTHP (Chapter XI). In this case, long-term treatment of
the hypercalcemia with high doses of phosphate could have contributed
to this fatal complication but a causerand-effect relationship could not
be proven. Also, subtotal parathyroidectomy at an earlier stage might
have prevented the fatal course if we had been aware of the consequences
of this complication of PTHP. In addition, radiographs of this patient
suggested the presence of marked periosteal new bone formation; this
rare skeletal abnormality following renal transplantation was investigated
by means of histologic examination of tibial bone biopsy specimens.
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SUMMARY

Marked periosteal 'new bone formation' and fatal cutaneous necrosis
occurred in a transplant recipient with persistent secondary hyperpara-
thyroidism and hypercalcemia. These rare complications appeared to
have been caused by persistent hyperparathyroidism and extensive meta-
static calcification.

INTRODUCTION

Posttransplant hyperparathyroidism, initially thought to be a transient
phenomenon (1, 10, 14), may persist for years despite normal graft
function, and often in the absence of hypercalcemia (2, 5, 7, 8, 20).
When the latter develops, successful management has been achieved by
administration of inorganic phosphate (1, 2, 16, 22), although in several
cases subtotal parathyroidectomy has been indicated (1, 7, 8, 17, 19,
21,23).

Pre-existent bone changes, i.e. renal osteodystrophy, may progress
after successful transplantation when hyperparathyroidism persists (10,
13) but the occurrence of so-called periosteal 'new bone formation' is
considered to be a rare skeletal complication. Recently, however, Peterson
(19) reported this bone abnormality in 9 out of 12 transplant recipients
with persistent hyperparathyroidism and progressive metastatic vascular
calcification. In addition, 3 of these patients developed cutaneous gan-
grene, another uncommon and potentially fatal complication of post-
transplant hyperparathyroidism (8, 9, 17, 19, 21).

This case report concerns a female transplant recipient with persistent
hyperparathyroidism, who also developed extensive metastatic calcifi-
cation, periosteal 'new bone formation' and cutaneous necrosis.

CASE REPORT

This 25-year-old woman was referred to our hospital because of renal
failure due to chronic pyelonephritis with gross vesico-ureteral reflux.
Maintenance hemodialysis was started a year later, and bilateral nephrec-
tomy was performed shortly thereafter. During the dialysis period, the pa-
tient received no vitamin D or calcium supplements: only phosphate-
binding antacids were given. Renal osteodystrophy was documented by
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histologic examination of an iliac crest biopsy specimen, which showed
active bone remodelling with marked fibrosis and osteoid excess. Re-
peated radiological skeletal surveys showed only a slightly irregular peri-
osteal cortical contour along the shafts of the long bones of the lower
extremities. There were no radiological signs of vascular calcification.
Only ocular calcification occurred.

After 3 years of hemodialysis, a cadaveric kidney was transplanted.
Good renal graft function was achieved 6 weeks later, after treatment
of 2 rejection episodes with large doses of prednisone. A third rejection
episode occurred after 7 months and was similarly treated (Fig. 1). Be-
cause cholestatic hepatitis developed 4 months after transplantation,
presumably due to azathioprine therapy (100-125 mg daily), this drug
was discontinued and replaced by cyclophosphamide, 25 to 50 mg daily.
Mild hypercalcemia occurred in the immediate posttransplant period.
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Fig. 1. Course of serum creatinine, calcium and phosphate values after renal transplantation
(TR) during oral phosphate treatment. PTX = subtotal parathyroidectomy.
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About 2 months after transplantation, when good graft function was
achieved and the daily prednisone dose was reduced to 30 mg, marked
hypercalcemia and hypophosphatemia developed. Phosphate-binding
antacids were discontinued and oral inorganic phosphate (potassium
dihydrogen phosphate powder) was administered in increasing doses.
This resulted in a decrease in serum calcium and an increase in serum
phosphate, as shown in Fig. 1. Graft function remained constant during
the period of phosphate treatment. Nine months after transplantation,
increasing pain and muscular weakness developed in the hips and arms.
A radiological skeletal survey suggested marked periosteal 'new bone
formation' along the pelvic bones and the long bones of the arms and
legs (Fig. 2). Minimal radiological signs of hyperparathyroidism were
noticed only at the tufts of the hands, but persistent hyperparathyroidism
was further indicated by an increased serum parathyroid hormone level
of 0.38 ngEq bovine PTH/ml serum (normal range < 0.02-0.2) To inves-
tigate this bone abnormality, several biopsy specimens were taken from

Fig. 2. Distal tibial bone, suggesting periosteal new bone formation. The tibial biopsy sites can
be seen.
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Fig. 3. Tibial biopsy specimen showing periosteum, ligaments and extraosseal vessels: at the
bottom a rim of cortical bone. Periosteal new bone formation was not observed but, within the
fibrous bundles, granular and coarse calcifications can be seen as small dots in this Giemsa-stained,
undecalcified section. (Methylmethacrylate, 400x).

the tibia. The undecalcified, plastic-embedded specimens showed osteoid
excess, not associated with osteoblastic lining, and some increase in
osteoblastic and osteoclastic activity in the cortex as well as subcor-
tically, with only a slight degree of fibrosis. On the cortical surface where
the roentgenograms suggested new bone formation, however, only dense
calcification was observed in the connective tissue immediately adjacent
to the periosteum, without signs of new bone formation (Fig. 3).

One year after transplantation, painful purplish skin lesions resembling
livedo reticularis appeared on the trunk, arms and thighs. These lesions
gradually progressed and became ulcerative (Fig. 4). Histologic examina-
tion of skin biopsy specimens showed neither calcium deposits nor signs
of intravascular coagulation or vasculitis in the superficial dermal vessels,
but roentgenograms of the arms showed marked vascular calcification
(Fig. 5). Ischemic skin necrosis due to extensive vascular calcification
was diagnosed. The oral phosphate treatment was discontinued and sub-
total parathyroidectomy was performed. Four enlarged parathyroid
glands were identified: three and a half were removed. Histologic exam-
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Fig. 4. Purplish skin lesions resembling livedo reticularis, progressing to extensive cutaneous
necrosis.

ination showed diffuse hyperplasia of all the glands. Serum calcium
values subsequently fell to about 2.0 mmol/1, and serum phosphate re-
mained within the normal range (Fig. 1). The skin lesions on the arms
improved, but the remaining ulcerative skin lesions progressed and became
infected. Despite local and systemic antibiotic treatment, septicemia
developed and the patient died, 15 months after the transplantation.

The postmortem revealed marked calcification in the arteries in the
deeper layers of the skin and muscle. Calcification occurred primarily
in the area of the inner elastic lamina (Fig. 6). In extensively calcified
arterioles, the walls were completely displaced by rings of calcified
material. In slightly calcified vessels, the intima showed only some sub-
endothelial edema; in the severely calcified arterioles, however, intimal
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Fig. 5. Calcified arteries and small vessels in the forearm.

Fig. 6. Arteriole with incipient calcification in the region of the inner elastic lamina. (Postmortem,
Paraplast, HE 400x).

proliferation and occlusion of the lumen were found. Calcification was
also observed in the fibrous stroma of the cornea, meninges, lungs and
cardiac valves, and in the distal renal tubules.
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DISCUSSION

In our center 52 out of 170 patients with at least 3-month-old func-
tioning grafts developed posttransplant hypercalcemia, which was usually
of a mild and transient nature. Subtotal parathyroidectomy was per-
formed in 6 of these 52 patients. Inorganic phosphate was administered
orally to 16 patients, without occurrence of skeletal or cutaneous com-
plications such as those described here, which are ascribed to persistent
hyperparathyroidism with extensive metastatic calcification.

The skeletal roentgenograms showed periosteal'new bone formation';
the pathogenesis of this unusual bone abnormality is not precisely known
(11, 18, 19). Meema et al. (18) suggested that the formation of periosteal
new bone results from an excess of parathyroid hormone which causes
destruction of the periosteal cortex and proliferation of fibrous tissue,
leading to outward displacement of the periosteal cortical margin. If
excess subperiosteal osteoid is also present and mineralizes, periosteal
new bone is formed some distance from the original bone; this is charac-
terized radiologically by a zone of radiolucency (18).

The periosteal 'new bone formation' in our patient was preceded by
an irregular periosteal cortical contour, as also noted in other skeletal
parts (Fig. 5), suggesting hyperparathyroidism as the major cause. His-
tologic evidence of hyperparathyroidism and osteomalacia was present
in the tibial bone biopsy specimens but excess osteoid, proliferating
fibrous tissue or bone formation in the periosteal region was not noted in
any of these specimens; only marked calcification was observed in the
outer periosteal area. Thus, the histological findings do not support the
concept that periosteal new-bone and/or excess subperiosteal osteoid or
fibrosis (25) produced the radiolucency but a pathogenetic role of hyper-
parathyroidism (11, 18, 19, 25) cannot be excluded. Metastatic calcifi-
cation of the ligaments running parallel to the periosteal bone surface
could be another possible cause for the radiolucency observed in this
case; the precise cause, however, remains uncertain.

The pathogenesis of progressive cutaneous necrosis, previously reported
in several uremic patients (3, 4, 6, 9, 12, 21, 24) and in renal transplant
recipients (8, 9, 17, 19, 21), is probably multifactorial. Mechanical vas-
cular obstruction as a result of extensive calcification (19) or thrombotic
occlusive lesions (12) as well as calciphylaxis (3, 6, 9, 17, 21, 24) have
been suggested as pathogenetic mechanisms. Suggested predisposing
factors for tissue necrosis, possibly acting as tissue-sensitizing or -challeng-
ing agents in calciphylaxis in man, include parathyroid hormone, hyper-
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calcemia, hyperphosphatemia, vitamin D and possibly also corticosteroids
and immunosuppressive agents (9). A pathogenetic role for parathyroid
hormone, a common denominator in all published cases of cutaneous
necrosis, and hypercalcemia is further suggested by the observation that
parathyroidectomy resulted in healing of the cutaneous lesions in several
patients (3,6, 9, 12, 17, 24). Since nearly all of these suggested patho-
genetic factors were present in our case, the cause of the cutaneous
necrosis remains a matter of speculation. The postmortem findings of
wide-spread metastatic calcification with vascular occlusion due to
calcium deposits, however, suggest that extensive metastatic small vessel
calcification in itself could have caused the cutaneous necrosis. Since
deposition of calcium phosphate salts in bone as well as in soft tissues
is one of the mechanisms by which phosphates lower serum calcium (16),
and since extraskeletal calcification is a well-known complication of phos-
phate administration (15), the latter could also have contributed to the
progressive metastatic vascular calcification in this case. Cutaneous
necrosis, however, did not occur in 16 of our patients with posttransplant
hypercalcemia who also received phosphate supplementation. More-
over, the majority of the patients with tissue necrosis described in the
literature had not previously received phosphate treatment. The latter,
therefore, is probably not the major factor involved in the development
of cutaneous necrosis, but a pathogenetic role cannot be excluded. ]

This case was presented to underline the potential complication of ]
persistent posttransplant hyperparathyroidism with progressive meta- |
static small vessel calcification. In retrospect, the fatal issue could possibly \
have been prevented by discontinuing phosphate treatment and perform- I
ing parathyroidectomy at an earlier stage, i.e. when it became apparent j
that progressively increasing doses of phosphate were needed to control ;
the hypercalcemia, suggesting that the hyperparathyroidism was severe j
and probably not of a transient nature.
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SUMMARY

The prevalence and course of posttransplant hyperparathyroidism
was investigated in 170 renal transplant recipients. Hyperparathyroidism,
as indicated by hypercalcemia, was present in 52 patients (30%) and
generally became manifest within 6 months after adequate graft func-
tion had been achieved and the prednisone dosage was reduced to 30 mg
- or less - per day. It persisted for more than two years in 17 patients
but was spontaneously transient in 39 patients; six patients with marked
hypercalceinia underwent subtotal parathyroidectomy. Treatment of the
hypercalcemia with inorganic phosphate was not effective. A harmful
effect of the hypercalcemia on renal graft function could be demonstrated
for only two patients with serum calcium values persistently exceeding
3 mmol/1; graft function improved after parathyroidectomy. Evidence
for a pathogenetic role of the hyperparathyroidism in the development
of avascular necrosis of bone could not be obtained. These data suggest
that posttransplant hyperparathyroidism is transient in the majority of
the patients, does not predispose to avascular necrosis of bone and gen-
erally does not constitute a threat to renal graft function, except in the
case of severe persistent hypercalcemia. The significant correlation (p <
0.001) between the occurrence of avascular necrosis of bone and the
total amount of prednisone as well as the number of rejection treatments
administered within the first half year after transplantation supports the
concept that corticosteroid treatment is the single most important factor
in the pathogenesis of bone necrosis following transplantation.

INTRODUCTION

The secondary hyperparathyroidism of chronic renal failure may per-
sist after successful renal transplantation and cause transient or persistent
hypercalcemia (1-12). The clinical significance of persistent hyperpara-
thyroidism is not precisely known and controversy exists regarding its
treatment (4, 9), its potential harmful effect on the renal graft function
(9, 10) and its possible pathogenetic role in the development of avascular
necrosis of bone (13-15).

In the present retrospective study, we investigated the prevalence and
course of posttransplant hyperparathyroidism and its relationship with
renal graft function and avascular necrosis of bone in 170 patients with
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functioning renal transplants. The relationships between avascular necro-
sis of bone and other factors, in particular corticosteroid treatment,
were investigated as well.

MATERIALS AND METHODS

The 170 patients studied had functioning renal transplants for periods
ranging from 3 to 147 months (median 55 months). There were 105
males and 65 females. The median age at transplantation was 34 yr
(range 12-56 yr), the median duration of hemodialysis before transplan-
tation was 18 months (range 0-110 months). Subtotal parathyroidec-
tomy had been performed before transplantation in three patients. Six-
teen patients received a kidney from a living related donor and 154 pa-
tients had a cadaveric kidney; 15 patients underwent more than one
renal transplantation. Immunosuppressive treatment consisted of pred-
nisone and azathioprine; in the early days of transplantation, actino-
mycin C was also administered at the time of transplantation and during
the first two rejection episodes. The dosage of the immunosuppressive
agents depended on bodyweight, graft function and toxic effects. The
initial prednisone dosage which was generally 80 mg on the day of 1
transplantation was reduced within 6 days to 25-30 mg daily. Sub- 1
sequently, the daily prednisone dose was decreased each month by 2.5 \
mg until a minimum daily dose of 7.5-10 mg was reached. Rejection crises I
were treated with high-dose courses of prednisone; 63 patients received
additional i.v. pulse doses of methylprednisolone. High-dose prednisone j
treatment consisted of 125-200 mg (generally 150 mg) daily for 5 days,
tapered off to 30 mg per day within 12 days and subsequently lowered
as described above.

After hospital discharge, serum creatinine and urea were determined
at each control visit. Serum total calcium and phosphate were determined
at varying intervals: for the majority of patients these studies were per-
formed at about 1-2 month intervals during the early posttransplant
period, or more frequently when indicated. Normal values in our labo-
ratory are 2.25-2.65 and 0.81-1.45 mmol/1, respectively. Serum total
calcium was not corrected for serum protein since paired values were
not available for all patients.

Hypercalcemia was used as a criterion for manifest posttransplant
hyperparathyroidism (PTHP). This was considered to be present when
serum calcium (under prednisone therapy) persistently or intermittently
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exceeded the maximum normal value. The time span between trans-
plantation and normalization of serum calcium was arbitrarily used as an
index for the duration of the PTHP. Isolated hypophosphatemia (serum
phosphate < 0.7 mmol/1) in the absence of phosphate-binding antacid
therapy, although not a specific biochemical indicator of PTHP, was ar-
bitrarily used as a criterion for possible occult PTHP.

The occurrence of PTHP was studied in relation to the prednisone
dosage and the renal graft function. The relationship between PTHP and
graft function was evaluated by comparing serum creatinine values for
different groups of patients, subdivided according to the probable pres-
ence of PTHP. Nineteen patients with graft insufficiency, i.e. serum
creatinine values exceeding 150 jumol/1, in whom hypercalcemia and/or
hypophosphatemia could not be used as a criterion for PTHP, were
grouped separately (Table 1).

The presence of avascular necrosis of bone (ABN) was investigated
by routine radiographic bone surveys of the lower extremities and by
bone scintigraphic studies, using Tc-99m HEDP (hydroxyethylidene
diphosphonate). Additional radiographic bone studies were performed
when the bone scans suggested ABN in other skeletal parts and/or when
bone complaints were present. The diagnosis ABN, however, was made
only when radiographic evidence was present.

The relationship between ABN of the lower extremities and PTHP was
investigated, as well as the relationships between ABN and other factors
such as sex, age at transplantation, duration of hemodialysis, function of
the renal graft, type of renal graft (i.e. living related, cadaveric, HLA
identical, second transplant) and the initial corticosteroid treatment
after transplantation. For the evaluation of the relationship between the
latter and ABN, the number of rejection treatments during the first six
months after transplantation was determined for all patients. The total
amount of prednisone administered during the first 3 months was also
calculated but this could be assessed accurately for only 149 patients.

Since ABN is generally manifest within 1-2 years in the majority of
transplant recipients (15), the statistical evaluation of the relationship
between ABN and the above-mentioned factors was arbitrarily restricted
to patients with a follow-up period of more than Wz years. Excluded
were 33 patients with a shorter follow-up period. In addition, five pa-
tients who developed (asymptomatic) ABN more than 5 years (mean
%lA year) after transplantation were also excluded from the statistical
analysis since a relationship between the occurrence of ABN and, in par-
ticular, the initial prednisone dosage after such a long posttransplant



Table 1. Graft function and avascular necrosis of bone in transplant recipients (N = 170).subgrouped according to the probability of posttransplant
hyperparathyroidism *

I.

II.

III.

IV.

V.

Persistent hypercalcemia

Transient hypercalcemia**

Transient hypophosphatemia

Normocalcemia

Transient hypophosphatemia***

Normocalcemia,
Normophosphatemia
(creatinine < 150 jjmol/1)

Normocalcemia,
Normophosphatemia
(creatinine > 150 Mmol/1)

No. of
patients

7

45

40

59

19

Period
posttransplant

(months)

69 ±37

63 ±34

51 ±34

48 ±34

76 ±42

Duration of
hypercalcemia

(months)

69 ±37

17 ±13

-

-

-

Serum
creatinine
Oumol/l)

101± 10

110± 20

105 ± 15

105± 20

329 ±168

Avascular bone necrosis
No. of
patients (%)

0

14

14

14

10

( 0%)

(31%)

(35%)

(24%)

(53%)

* See Materials and Methods. Data are expressed as mean ± SD
** Includes 6 patients who underwent parathyroidectomy

*** Hypophosphatemia « 0.7 mmol/1) in the absence of - or more than 1 year after discontinuing - phosphate-binding antacid therapy.
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period is considered unlikely; in the remaining patients, ABN developed
after a mean period of 13 months. Thus, the statistical analysis was per-
formed using the data of 132 patients; however, the analysis of the
relationship between ABN and the total amount of prednisone adminis-
tered was restricted to the 105 patients for whom the latter could be
accurately assessed.

RESULTS

Posttransplanthyperparathyroidism

In 52 patients (30%) the hypercalcemia, i.e. the PTHP, became mani-
fest between one week and 16 months after transplantation, in 43 of
these 52 patients (83%) within the first 6 months; in 47 patients (90%)
the serum creatinine values were below 150 /unol/1 and in 43 patients
(83%) the prednisone dosage was 30 mg — or less - per day (Fig. 1). The
duration of the hypercalcemia varied between 1 and 121 (median 14)
months. It persisted for more than two years in 17 patients and at the
time of this study it was still present in seven patients (Table 1). Serum
calcium normalized in 39 patients spontaneously and in six patients after
subtotal parathyroidectomy, which was performed 3-35 (median 10)
months after transplantation. The latter patients had marked hypercal-
cemia; the mean (± SD) maximum serum calcium was 3.35 ± 0.37
mmol/1. All of these patients had marked parathyroid hyperplasia;
adenomas were found in only one patient.

I (N = 52)
600

400

200

180

160

UO

120

100

80

60

40
y

-

-

•

-

-

-

-

-

•

* * *itT *

m
•

•

i i I

10 20 30 60 90 120

Prednisone dosage, mg/day

150

Fig. 1. Relationship between the prednisone dosage and renal graft function at the time hyper-
calcemia occurred.
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The hypercalcemia was treated with oral inorganic phosphate (potas-
sium dihydrogen phosphate powder) in 16 cases. The mean (± SD)
duration of treatment was 20 ± 16 months. Serum calcium normalized
in 6 patients. In the other 10 patients the hypercalcemia, which was
more pronounced before phosphate treatment, persisted or recurred
after treatment. The pretreatment serum calcium values (mean ± SD) for
the two groups were 2.73 ± 0.1 and 3.06 ± 0.4 mmol/1, respectively.
Of the latter 10 patients, four underwent subtotal parathyroidectomy
during or after phosphate treatment; serum calcium eventually normal-
ized in two patients, 39 and 62 months after transplantation, but it still
persists in four of these 10 patients. In 31 patients with serum calcium
levels below 3.0 mmol/1, the hypercalcemia was transient without treat-
ment. Thus, since moderate hypercalcemia improved spontaneously and
marked hypercalcemia did not respond to phosphate treatment, high-
dose phosphate therapy does not appear to be effective in the treatment
of PTHP.

Renal graft function

Table 1 shows that the serum creatinine values at the time of this j
study of patients with PTHP - or possibly occult PTHP - (groups I-III) j
did not differ significantly from those of patients without biochemical
evidence of hyperparathyroidism (group IV). Individual analysis of the
patients with persistent or transient hypercalcemia (groups I-III) revealed
evidence of a deleterious effect of PTHP on graft function in only two
cases. Both patients had marked PTHP, as indicated by serum calcium
levels consistently exceeding 3.0 mmol/1 (in one patient before phos-
phate therapy); graft function declined without signs of graft rejection,
infection or urinary obstruction and improved after subtotal parathyroid-
ectomy (Fig. 2). These findings suggest that only marked PTHP, i.e.
serum calcium values persistently exceeding 3.0 mmol/1, constitutes a
threat to renal graft functioning.

A vascular necrosis of bone

Radiographic evidence of ABN could be obtained for 52 patients (30%)
in whom 115 joints of the lower extremities and 26 joints of the upper
extremities were affected. Forty patients had complaints of joint pain,
which started 14 ± 15 (mean ± SD) months after transplantation; 12 pa-
tients were asymptomatic. ABN occurred in the hip joints in 37 of the
52 patients (71%) and involved a total of 53 hips; ten of these patients



173

3
u
Q)

3 . 5 -

2.0 4

7' V1
3.5 -

3 . 0 -

2 . 5 -

2.0 i

o — 0 .—o o-

.£ 200-
c
% \ 150-

o I 125-

100-1
I
l

v\
CO i

200-

150-

125 -

100-

5 6 7 8 9

Time after transplantation, months

10

Fig. 2. Effect of subtotal parathyroidectomy (PTX) on graft function in two patients with pro-
gressive hypercalcemia and deteriorating graft function in the absence of other causes.
o o indicates serum calcium values during phosphate therapy.

underwent 13 hip arthroplasties. In 33 patients (63%), 50 knees were
affected and in 9 patients (17%), ABN occurred in 12 ankle joints. In
12 of the 52 patients (23%) with ABN in both the upper and the lower
extremities, the upper extremities were generally affected after the
patients started using crutches because of progressive ABN in the lower
extremities.

The bone scans suggested ABN of the lower extremities in 142 joints
but radiographic evidence could not be obtained within the same period
for 39 joints. Of the 115 joints of the lower extremities with radio-
graphic evidence of ABN, only 12 joints (10%) showed no corresponding
scan abnormalities suggesting ABN.
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The incidence of radiographic ABN for the patients with and without
biochemical evidence of PTHP is shown in Table 1. The incidence was
highest for the patients with graft insufficiency. The assumption that
PTHP could have contributed to the high incidence of ABN in these
patients, however, is contradicted by the absence of ABN in patients
with PTHP of long duration (group I). The incidence of ABN for patients
with persistent and transient PTHP (groups MI) and for those without
biochemical evidence of the latter (group IV) was comparable, i.e. 27%
and 24%, respectively. Furthermore, there was no statistically significant
relationship between the occurrence of ABN and either manifest PTHP
or isolated hypophosphatemia (p > 0.10). Thus, these findings argue
against PTHP being a significant contributory factor in the pathogenesis
of ABN.

A statistically significant relationship (p < 0.001), however, was found
between the number of rejection treatments and the occurrence of ABN.
When the presence of ABN in 132 patients was correlated with the num-
ber of high-dose predmsone treatments (Table 2), the incidence of
ABN was found to increase progressively with the number of rejection
treatments. Additional methylprednisolone did not appear to affect the
incidence of ABN in patients who received fewer than 3 high-dose pred-
nisone treatments; when 3 or more rejection episodes were treated, the
additional methylprednisolone appears to result in an increased incidence

Table 2. Relationship between the number of rejection treatments* and the incidence of radio-
graphic avascular necrosis of bone in the lower extremities**.

No. of high-dose
prednisone
treatments

0
1
1
2
2
3
3
4
4
5
5

Additional grams of
methylprednisolone/patient

(mean ± SD)

_
2.5 ± 0.7

—
2.0+ 1.0

_
3.9 ± 2.6

_
3.1 ± 1.6

—
2.9 ± 1.6

No. of
patients

2
23

2
27
12
22
17
12
9
3
3

Avascular bone
No. of

patients

_

2
—
4
1
8

10
5
8
2t
2

necrosis

(%)

( 9%)
_

(15%)
( 8%)
(36%)
(59%)
(42%)
(89%)
(67%)
(67%)

* During the first 6 months after transplantation (with one exception f)
** Assessed in 132 patients; see Materials and Methods
f One patient received 2 rejection treatments in the 6-8 month posttransplant period
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of ABN. When the 132 patients are divided into two groups, the inciden-
ce of ABN for the 66 patients who required fewer than 3 rejection treat-
ments was 10.6%, whereas this incidence was 53% for the 66 patients
who received 3 or more rejection treatments. The total amount of pred-
nisone administered during the first 3 months after transplantation
(range 2380-9230, mean ± SD 5520 ±1210 mg) also correlated signifi-
cantly with the prevalence of ABN (p < 0.001). The mean (± SD) pred-
nisone dosage for the patients with ABN was 6300 ± 990 mg and it
appears that about 5000 mg of prednisone administered during the first
3 months after transplantation is the critical dosage above which ABN
may develop.

The relationships between ABN and sex, age and duration of hemo-
dialysis, respectively, were not statistically significant. Although the in-
cidence of ABN for patients with well-functioning primary renal trans-
plants received from a living-related donor (7%) or from a HLA identical
(23%) or a non-HLA identical cadaveric donor (29%) differed markedly
from that for patients with insufficiently functioning primary trans-
plants (50%) and from the incidence of ABN for patients who received
more than one renal transplant (53%), these differences were not statis-
tically significant.

DISCUSSION

The incidence of PTHP, as indicated by hypercalcemia, has been re-
ported to range from 20 to 34% (6, 8, 10). However, the determination
of serum total calcium and phosphate probably does not provide a sen-
sitive screening for PTHP since occult persistent PTHP has been detected
by measuring ionized calcium concentrations (9) and parathyroid hor-
mone activity (11, 12), parameters which were not available for this
retrospective study. When parathyroid hormone activity is used as a cri-
terion for persistent PTHP, incidences as high as 66% have been repor-
ted (11).

In the present study, the incidence of manifest PTHP was 30%. The
often marked hypophosphatemia in several of the 50 normocalcemic
patients with adequate graft function, however, suggests the presence of
occult PTHP in more patients, assuming that the hypophosphatemia was
not caused by primary tubular dysfunction, corticosteroid-induced de-
creased tubular phosphate reabsorption and/or total body phosphate de-
pletion as a result of previous phosphate-binding antacid therapy (4).
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The fact that the PTHP generally became manifest within the first six
months (10) is probably related to the degree of renal graft functioning,
i.e. the ability of the graft to produce biologically active vitamin D
metabolites, as well as to the prednisone dosage (9). The PTHP persist-
ed for more than two years in 17 of the 52 patients (33%) but was
spontaneously transient in 39 patients (75%). Marked persistent PTHP
necessitated parathyroid surgery in 6 patients but adenoma formation,
indicating true parathyroid gland autonomy, was found in only one
patient. Treatment with high-dose oral inorganic phosphate did not
effectively influence the course of the hyperparathyroidism, which
is in agreement with the findings of Geis et al. (9). Since phosphate
administration may also cause — or aggravate — metastatic calcification
(9), and progressive vascular calcification with fatal cutaneous necrosis
occurred in one of our transplant recipients during phosphate treatment
(16), the use of high-dose phosphate for the management of posttrans-
plant hypercalcemia has been abandoned in our department. Low-dose
phosphate supplementation, usually administered as phosphate-con-
taining antacids, however, is of value in the prevention or treatment of
phosphate depletion.

Our data concerning the prevalence and course of PTHP suggests that
it will be spontaneously transient in the majority of the patients with
serum calcium values below 3.0 mmol/1. A harmful effect of PTHP on
graft function could only be demonstrated in two patients with serum
calcium values consistently exceeding 3.0 mmol/1, as previously repor-
ted by David et al. (8). Thus, in contrast to our initial opinion that per-
sistent PTHP probably represents parathyroid gland autonomy for which
subtotal parathyroidectomy is indicated (3), we now consider para- !
thyroid surgery to be indicated only when persistent hypercalcemia occurs (
whereby the serum calcium consistently exceeds 3.0 mmol/1. The results J
of this study suggest that surgical treatment is not indicated for patients j
with mild PTHP, provided progressive metastatic calcification, demon- ]
strable aggravation of pre-existing renal bone disease and/or severe hypo-
phosphatemia due to PTHP does not occur. Furthermore, evidence for a
major role of PTHP in the pathogenesis of ABN could not be obtained
either.

ABN occurred in 30% of the 170 patients studied, the hip and knee
joints being the most commonly affected. The incidence of this serious
and disabling complication of renal transplantation is high, as compared
to that reported by most of the other transplant centers (15). Compari-
son of the diagnostic accuracy of radiographic and scintigraphic studies
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showed a lew false-negative incidence for the bone scan abnormalities
compatible with ABN. The incidence of false-positive bone scan findings,
however, is more difficult to assess in a retrospective study since the
scan abnormalities generally precede the radiographic changes (17).
Although definite diagnosis of ABN depends on the radiographic demon-
stration of subchondral osteolysis, with or without subsequent bone
collapse, scintigraphy appears to be a reliable method for skeletal screen-
ing of transplant recipients. When bone scintigraphy is routinely used,
radiographic skeletal analysis can be restricted to patients with scan ab-
normalities and/or joint complaints.

The pathogenesis of ABN is not precisely known but it is generally
accepted that it is somehow related to corticosteroid therapy. In a recent
review on this subject, Ibels et al. (15) suggested two probable mechan-
isms: corticosteroid-induced lipid abnormalities with subsequent sys-
temic and subchondral fat embolization and/or corticosteroid-induced
osteoporosis in combination with persistent hyperparathyroidism. The
latter hypothesis suggests that bone trabeculae, eroded by the hyper-
parathyroidism and subsequently rendered osteoporotic with cortico-
steroid treatment, will fracture with weight-bearing, thus leading to ABN. j
Combined parathyroid bone disease and steroid-induced osteoporosis j
might account for the high incidence of ABN (53%) in our patients with (
graft failure (Table 1, group V). However, the incidence of ABN for the ]
patients with biochemical evidence of PTHP (27%) did not differ from
that for a comparable group of patients without the latter (24%); more-
over ABN did not occur at all in the patients with persistent PTHP of
long duration (Table 1).

Thus, our data do not support the hypothesis that parathyroid-in-
duced bone disease predisposes to ABN (10, 13, 15). The significant
relationship between the incidence of ABN and the number of rejection
treatments as well as the total amount of prednisone initially adminis-
tered, however, strongly supports the hypothesis that high-dose corti-
costeroid treatment after transplantation is the primary causative factor
in the pathogenesis of ABN. The high prevalence of ABN in patients
with primary renal transplants and graft failure (50%) and in patients
who had received more than one renal transplant (53%) also supports
the concept that the development of ABN is related to the total dose
of prednisone administered. The results of this study do not allow con-
clusions regarding the influence of pulse-dose steroid treatment in the
pathogenesis of ABN but our data do suggest that a significant reduction
in the development of ABN might be achieved if the number of rejection
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treatments can be reduced to fewer than three per patient and/or if the
total amount of prednisone in the first three months is reduced to less
than 5000 mg. Despite accumulating evidence for a major pathogenetic
role for steroids in the development of ABN (15), the variation in the
predisposition of the individual transplant recipient to develop ABN
suggests that other factors must be involved as well. The observation that
in our patients ABN of the upper extremities usually occurred following
the use of a cane or crutches stresses the importance of mechanical
strain. Evidence for other predisposing factors, however, could not be
obtained in this study.
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SUMMARY

The 10 studies reported in this thesis concern the diagnosis of renal
osteodystrophy and extraskeletal calcification in patients on maintenance
hemodialysis as well as some aspects of persistent hyperparathyroidism
after renal transplantation. These complications of chronic renal failure
are discussed briefly in Chapter I.

The majority of our studies on renal osteodystrophy and extraskeletal
calcification focus on the value of bone scintigraphy with Tc-99m HEDP
in the diagnosis of these disorders. The studies concerning the efficacy
and possible specificity of bone scintigraphy in the diagnosis and follow-
up during treatment of renal osteodystrophy are presented in Section A.
Since quantitative scintigraphic skeletal analysis had not yet been applied
in renal osteodystrophy, the main purpose of these studies was to inves-
tigate the value of quantitative bone scintigraphy when compared with
qualitative bone scintigraphic, biochemical, radiographic and iliac crest
bone histologic studies. Since the mechanism of increased radiotracer
uptake in renal osteodystrophy is unknown, an attempt was also made I
to determine whether the hyperparathyroid-induced bone abnormalities J
or the osteomalacic component of renal osteodystrophy is the main j
cause of the increased skeletal radiotracer uptake in dialysis patients. \

In Chapter II, the basic principles of bone scintigraphy are briefly in- j
troduced. As outlined in this chapter, bone scintigraphic analysis in dial- |
ysis patients, in particular the comparison between the quantitative |
scintigraphic data of patients and normals, is complicated by an elevated j
circulating radioactivity which is due to the lack of renal radiotracer \
excretion. In the patients studied initially, this problem could be over- f
come by using hemodialysis to reduce the circulating radioactivity to i
(near) normal levels at the time of scintigraphy. However, this reduction \
resulted in part from increased uptake of the radiotracer in the diseased |
skeleton and in later studies, it became apparent that hemodialysis failed !

to normalize circulating activity in patients with minimal bone disease.
No evidence could be found to show that this increased circulating activ-
ity contributes significantly to the results of the quantitative scinti-
graphic skeletal analysis, in particular when performed with the aid of
a computer. However, since its influence could not be assessed accurately
the quantitative values obtained for patients with minimal renal osteo-
dystrophy may in fact be lower than presented in the studies in Section A.

In Chapter III, the prevalence of renal osteodystrophy was studied in
30 virtually untreated chronic dialysis patients. All patients showed
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histologic evidence of renal osteodystrophy. Alkaline phosphatase values
were elevated in 23 patients (76%) but radiographic abnormalities were
found in only 14 patients (46%), which illustrates the insensitivity of
radiographic skeletal analysis in this respect. In contrast, 25 patients
(83%) showed bone scan abnormalities; furthermore the quantitative
scintigraphic analysis, performed by collecting count rates in standard-
ized regions of the skeleton (including soft tissues), showed an often
markedly elevated total skeletal activity (TSA) in all patients when com-
pared with a normal group. Even though a minimal increase in soft tissue
activity contributed to the quantitative data obtained for several patients,
quantitative bone scintigraphy clearly separated all patients with histolog-
ically proven renal osteodystrophy from normals. The significant corre-
lation (p < 0.001) found between the TSA and the histologic degree of
(semi-quantitatively assessed) bone turnover indicates that the effects of
hyperparathyroidism on bone are a major determinant for increased
radiotracer uptake in renal osteodystrophy. Marked parathyroid hyper-
plasia was subsequently confirmed in 10 patients with a high TSA who
underwent subtotal parathyroidectomy as a result of this study. The ob-
servation that the TSA had not decreased several weeks after parathyroi-
dectomy suggests that PTH does not have a direct effect on the radio-
tracer uptake in bone.

In Chapter IV, this hypothesis was further investigated by correlating
the results of quantitative bone scintigraphy, performed in 35 patients
who had not yet been subjected to parathyroidectomy, with those of
biochemical and quantitative bone histologic (morphometric) studies.
A significant correlation (p < 0.001) was found between the biochemical
parameters of hyperparathyroidism, i.:. alkaline phosphatase and iPTH,
and the histologic parameters, i.e. the osteoblast surface, osteoclast
count, degree of fibrosis and the degree of endosteal cells lining the bone
surface. The TSA correlated significantly (p < 0.001) with all of these
parameters of hyperparathyroidism but the correlations between the
TSA and the osteoid volume and osteoid surface were statistically of I
lesser significance (p < 0.05). These findings indicate that increased
bone turnover, rather than the amount of (osteomalacic) osteoid, is the
major cause of the increased skeletal radiotracer uptake in renal osteo-
dystrophy.

In Chapter V, further support for this view was obtained when statis-
tically significant correlations were found between the changes in the
TSA and the changes in the biochemical and histologic parameters of
hyperparathyroidism during treatment of renal osteodystrophy; the
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changes in the TSA did not correlate with the changes in osteoid excess.
In this study, the TSA improved in 22 out of 25 patients but did not
normalize in any of these cases, including 5 patients who received a well-
functioning renal transplant. For the other 20 patients studied, subtotal
parathyroidectomy (11 patients) or medical treatment (9 patients) led
to a reduction in the histologic degree of hyperparathyroidism in 17 of
the 19 patients in whom bone histologic evaluation could be performed.
Osteoid excess was reduced in 13 patients, but an improvement in the
degree of osteomalacic osteoid occurred in only 4 of the 19 patients.
The changes in the TSA, with one exception, parallelled the changes in
the histologic features of hyperparathyroidism. irrespective of the
changes in the osteoid excess. These results suggested that for the evalua-
tion of treatment of renal osteodystrophy, quantitative bone scintigraphy
provides information primarily about the changes in the degree of hyper-
parathyroidism.

In Chapter VI, the quantitative scintigraphic studies were repeated in
30 patients with and without the aid of a computer. With computer
analysis, the uptake of the radiotracer in bone can be assessed more accu-
rately by selecting the skeletal regions of interest with a cursor, thereby
eliminating most of the soft tissue activity otherwise measured. The total S
activity registered in the skeleton with the computer was also expressed 1
as the TSA. In an attempt to minimize observer errors, the sum of the j
mean number of counts in the selected regions of the skeleton was cal- j
culated with the computer as well. The accumulated radioactivity meas- I
ured at the bone biopsy site correlated significantly (p < 0.001) with the j
TSA, as assessed with and without the computer, and with the sum of
the counts per channel in all skeletal regions. Thus, the increased radio-
tracer uptake in the whole skeleton may generally be considered to be
representative of that in the iliac crest bone of patients with renal osteo-
dystrophy. These findings support the results of the preceding studies j
correlating the TSA with iliac crest bone histopathology. The TSA, the !
computer-assessed TSA and the sum of the counts per channel exceeded !,
the maximum normal values in all cases. The significant relationships
between the results of all scintigraphic methods, in particular the radio-
tracer uptake at the bone biopsy site, and the histologic features of in-
creased bone turnover in turn support the results of the previous studies
indicating that the effect of hyperparathyroidism on bone is the major
cause of the increased tracer uptake in renal osteodystrophy.

The studies presented in this section demonstrate that quantitative
bone scintigraphy, in particular when performed with the aid of a com-
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puter, is a sensitive method for detecting the presence and severity of
renal osteodystrophy in dialysis patients. This technique is more sen-
sitive than biochemical and radiographic studies and neither the cost nor
the radiation dose exceeds that of radiographic skeletal analysis. Further-
more, scintigraphy provides additional information about bone histology
since it shows the extent of osteodystrophy in the whole skeleton. Al-
though bone histology provides the most accurate information about the
degree of bone turnover and osteomalacia, scintigraphy - when used in
conjunction with biochemical analysis — may predict the major under-
lying bone abnormalities fairly accurately. Thus, the use of scintigraphy
for the routine detection and follow-up of renal osteodystrophy reduces
the need for repeated bone biopsies in dialysis patients. Although the re-
sults of our studies do not contribute to our knowledge concerning the
mechanism of radiotracer uptake in renal osteodystrcphy, our data sug-
gest that this — often markedly — increased uptake appears to depend
mainly on the degree of bone turnover and cellular, in particular osteo-
blastic, activity. Although governed by the degree of hyperparathyroid-
ism, PTH in itself has no significant direct effect on tracer uptake in
bone. Also, the product of the osteoblasts, i.e. the amount of osteoid,
does not appear to determine the uptake of radiotracer to any consider-
able extent. Possibly, increased mineral metabolism and/or defective
maturation of amorphous calcium-phosphate to its crystalline phase
(which results in increased amounts of amorphous calcium-phosphates)
are major factors in the increased tracer uptake in renal osteodystrophy.
Some binding on the excess organic matrix, however, may contribute
to the radiotracer uptake as well.

Bone scintigraphy cannot be used to study renal osteodystrophy in
nondialyzed patients with renal failure. The major limitation of quanti-
tative bone scintigraphy for dialysis patients is the fact that the skeletal
radiotracer uptake in patients with minimal renal osteodystrophy cannot
be assessed accurately because circulating radioactivity in such patients
cannot be normalized by means of hemodialysis — a problem as yet
unsolved.

In Section B, the prevalence of extraskeletal calcification in our dial-
ysis patients was investigated. In 30 patients, nonvisceral calcification
could be demonstrated in the eyes (63%) and arteries (33%) and at
periarticular sites (23%) but not in the skin. As mentioned in the intro-
duction to this section, the frequent presence of calcification in visceral
organs generally cannot be detected by means of noninvasive techniques.
Since the incidental demonstration of pulmonary and gastric calcification
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with bone-seeking radiotracers in patients with renal failure had led to
the preliminary conclusion that bone scintigraphy might be a valuable
method for detecting these complications, this hypothesis was inves-
tigated.

In Chapter VII, qualitative scintigraphic analysis of the chest region
in 30 patients suggested the presence of pulmonary calcification in only
one patient; the extensive calcification of the lungs of this patient was
confirmed histologically. Although elevated chest-to-spine activity ratios
suggested increased pulmonary radiotracer uptake in several other pa-
tients, these findings could not be confirmed. In view of the high inci-
dence of pulmonary calcification indicated by autopsy studies, these
results show that bone scintigraphy is not a sensitive method for detect-
ing this type of calcification. The possibility that bone-seeking radio-
tracers do not accumulate in pulmonary and other visceral calcifications
because of a difference in the chemical composition and crystalline
structure of this type of calcification is discussed. In the absence of
histologic studies of the lung, however, definite conclusions regarding the
sensitivity of bone scintigraphy in the detection of pulmonary calci-
fication cannot be drawn. The results of this investigation as well as
follow-up studies of our dialysis patients, together with our experience
in this respect with bone scintigraphy in recent renal transplant recip-
ients, however, strongly suggest that only severe pulmonary calcification
is detectable by means of bone-seeking radiotracers.

In Chapter VIII, the sensitivity of bone scintigraphy in the detection
of gastric calcification was studied in 45 dialysis patients. Gastric radio-
tracer uptake without accumulated radioactivity in the thyroid region
was noted in 15 patients; the latter is generally used as a criterion for
the absence of in vivo free pertechnetate. These findings strongly sug-
gested that the gastric visualization was caused by gastric calcification.
However, it could be proven that the gastric images did in fact result
from in vivo free pertechnetate formation, caused by a radiochemical
interaction with constituents of the dialysate fluid. Free pertechne-
tate was apparently introduced into the patients via the recirculating
dialysate; when recirculating dialysate was no longer used in the dial-
ysis procedure, gastric visualization was not noted in the follow-up
studies. In addition, none of the bone scans of 55 former dialysis pa-
tients taken within two months of successful transplantation demon-
strated gastric radiotracer uptake. Thus, the lack of scintigraphic evi-
dence of gastric calcification in 100 patients strongly suggests that bone
scintigraphy is not a sensitive method for detecting this type of visceral
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calcification either, since autopsy studies indicate gastric calcification
in about 50% of the patients with chronic renal failure. In addition, this
study demonstrated that free pertechnetate can cause visualization of the
stomach in the absence of thyroid imaging, which indicates that the
latter does not invariably exclude the presence of in vivo free pertech-
netate. This phenomenon appears to result from the ability of the
stomach in contrast to the thyroid gland — to maintain a high con-
centration of pertechnetate for several hours.

In Chapter IX, the incidence of skin calcification was investigated in
dialysis patients by means of histologic and quantitative scintigraphic
(skin-to-circulating radioactivity ratio) studies of punch skin biopsy
specimens. From 30 dialysis patients, 60 biopsies were taken before scin-
tigraphy from suspected skin lesions and/or preferred sites for calcifi-
cation. However, calcification could not be demonstrated in any of the
biopsies examined by either of the two methods. Electron microscopy
studies of the skin samples of 5 patients with marked calcification at
other sites also failed to demonstrate calcification. The cause of the in-
frequent occurrence of skin calcification is unknown.

In Chapter X, some observations on corneal and conjunctival calcifi-
cation in 30 dialysis patients are presented. This was detected with slit
lamp biomicroscopy in 19 patients and generally occurred — or could
be demonstrated — before calcification elsewhere. The well-known rela-
tionship with an elevated CaxPO4 product, thought to be the mgor
pathogenetic factor involved, could be confirmed. The high incidence of
degenerative ocular changes (pinguecula) in these patients, the progres-
sion of the severity of the calcification with both age and the duration of
hemodialysis as well as the observation that regression of corneal calcifi-
cation after transplantation and parathyroidectomy tends to occur only
in younger patients, however, suggest that degenerative ocular changes
are also a significant factor in the pathogenesis of ocular calcification.

The studies reported in Section C concern the persistence and some of
the potential complications of hyperparathyroidism after transplantation.
In addition, the incidence of avascular necrosis of bone was studied and
its relationship with possible predisposing factors was investigated.

The case of a transplant recipient with persistent hyperparathyroidism
who developed radiographic signs of marked periosteal new bone forma-
tion and progressive metastatic vascular calcification is presented in
Chapter XI. Periosteal new bone formation is considered to be a compli-
cation of hyperparathyroidism; this unusual skeletal abnormality was in-
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vestigated by histologic examination of tibial bone biopsy specimens but
the mechanism causing this phenomenon could not be clarified. The pro-
gressive metastatic vascular calcification caused occlusion of the vascular
lumen and resulted in extensive and fatal cutaneous necrosis. According
to data in the literature this rare complication could possibly have been
prevented if subtotal parathyroidectomy had been performed at an ear-
lier stage.

In Chapter XII, the prevalence, course, treatment and possible compli-
cations of posttransplant hyperparathyroidism (PTHP) were investigated
in 170 renal transplant recipients. PTHP, as indicated by hypercalcemia,
occurred in 52 patients (30%), generally within 6 months of transplan-
tation. The manifestation of the hypercalcemia appeared to be depen-
dent on graft functioning and the prednisone dosage. The hypercalcemia
was spontaneously transient in 39 patients and disappeared in 6 patients
after subtotal parathyroidectomy. Treatment of the hypercalcemia with
inorganic phosphate did not effectively alter the course of PTHP. A
harmful effect of the hypercalcemia on renal graft functioning could be
demonstrated for only 2 patients with marked hypercalcemia; graft
function improved after parathyroidectomy. Evidence for a pathogenetic
role in the development of avascular necrosis of bone (ABN) could not i
be obtained. These studies showed that PTHP is transient in the majority {
of the patients, does not predispose to ABN and generally does not con- j
stitute a threat to renal graft functioning. These results suggest that sub- J
total parathyroidectomy is indicated only for patients with marked
PTHP whereby the serum calcium consistently exceeds 3.0 mmol/1;
however in the event of progressive metastatic calcification, demonstrable
aggravation of pre-existing renal bone disease and/or marked hypophos-
phatemia due to PTHP in patients with milder forms of PTHP, subtotal |
parathyroidectomy should also be considered. ]

Radiographic evidence for ABN could be obtained for 52 patients |
(30%). The low incidence of false-negative bone scan findings compatible )
with ABN suggests that bone scintigraphy is a reliable method for routine
skeletal screening of transplant recipients. The presence of ABN corre-
lated significantly (p < 0.001) with the total dose of prednisone during
the first 3 months as well as with the number of rejection treatments
required within the first 6 months following renal transplantation. Evi-
dence for other predisposing factors could not be obtained in this study.
These data support the concept that corticosteroid treatment is the
single most important factor in the pathogenesis of ABN after renal
transplantation. Our data further suggests that a significant reduction in
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the prevalence of ABN could be obtained if the number of rejection
treatments is reduced to less than 3 and/or the total amount of predni-
sone administered within the first 3 months after transplantation is re-
duced to less than 5000 mg.
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SAMENVATTING

Dit proefschrift bestaat uit 10 artikelen, welke betrekking hebben op
de diagnostiek van rénale osteodystrofie (Sectie A) en van de kalkafzet-
ting in weke delen (Sectie B) bij patienten, die met chronische inter-
mitterende dialyse worden behandeld. Tevens worden enkele aspecten
van persisterende hyperparathyreoidie na niertransplantatie bestudeerd
(Sectie C). De pathogenese, de diagnostiek en de behandeling van deze
verschijnselen worden kort besproken in Hoofdstuk I.

Het merendeel van onze studies op het gebied van rénale osteodystro-
fie en kalkafzetting in weke delen betreffen de diagnostische waarde van
botscintigrafie met technetium-99m HEDP. Het onderzoek naar de
bruikbaarheid en de specificiteit van scintigrafie bij de diagnostiek van
renale osteodystrofie, en de invloed van behandeling hierop, worden be-
schreven in Sectie A van dit proefschrift. Daar quantitatief scintigrafisch
skeletonderzoek niet eerder werd verricht bij patienten met renale osteo-
dystrofie, werd de waarde van quantitatieve scintigrafie vergeleken met
de betekenis van qualitatieve scintigrafie, en het biochemisch, röntgeno-
logisch en histologisch onderzoek. Daar de botafwijkingen bij dialyse
patienten vrijwel steeds een mengbeeld tonen van osteomalacie en ver-
hoogde botombouw en bovendien de wijze waarop het gebruikte radio-
pharmacon wordt opgenomen in het skelet bij deze patienten onbekend
is, werd tevens getracht de vraag te beantwoorden welke van deze twee
componenten van renale osteodystrofie voornamelijk verantwoordelijk
is voor de verhoogde opname van het rcidiopharmon.

In Hoofdstuk II worden de problemen besproken welke zich voordoen
bij het botscintigrafisch onderzoek van patienten met een nierinsufficien-
tie. Bij deze patienten wordt het radiopharmacon niet door de nier uit-
gescheiden, hetgeen resulteert in een verhoogde circulerende radioactivi-
teit. Hierdoor wordt een quantitatief onderscheid tussen dialyse patien-
ten en normale personen onmogelijk. Door voorafgaande aan het scinti-
grafisch onderzoek de patienten gedurende ongeveer 5 uur te dialyseren,
kon de circulerende radioactiviteit worden verminderd tot (vrijwel) de-
zelfde waarde als bij normale personen werd gevonden. Dit bleek echter
ten dele het gevolg te zijn van een verhoogde opname van het radio-
pharmacon in het skelet en bij later onderzoek bleek het niet mogelijk
te zijn om met haemodialyse de circulerende radioactiviteit geheel te
normaliseren bij patienten met slechts minimale botafwijkingen. De
licht verhoogde weke delen activiteit bij deze patienten leverde echter
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geen belangrijke bijdrage tot de uitkomst van het quantitatieve scinti-
grafische skeletonderzoek, met name niet wanneer dit werd verricht met
behulp van een computer. Daar de invloed van de verhoogde weke delen
activiteit op de verkregen quantitatieve resultaten niet nauwkeurig kon
worden bepaald, moet rekening worden gehouden met de mogelijkheid
dat de werkelijke opname van het radiopharmacon in het bot bij pa-
tienten met minimale botafwijkingen in feite lager kan zijn dan in Sectie
A wordt vermeld.

In Hoofdstuk III wordt het voorkomen van rénale osteodystrofie bij
30 vrijwel onbehandelde dialyse patienten beschreven, waarbij de waarde
van de verschillende diagnostische onderzoekmethoden wordt vergeleken.
Alle patienten hadden een histologisch bewezen rénale osteodystrofie.
Ofschoon een verhoogde alkalische fosfatase activiteit werd gevonden
bij 23 patienten (76%), werden bij slechts 14 patienten (46%) ook rönt-
genologische afwijkingen gezien. Het is derhalve duidelijk dat röntgenolo-
gisch onderzoek slechts een beperkte waarde heeft bij de diagnostiek van
deze afwijking. Qualitatieve scintigrafische afwijkingen, die compatibel
zijn met rénale osteodystrofie, werden gevonden bij 25 patienten (83%),
maar quantitatief scintigrafisch onderzoek toonde bij alle patienten, in
vergelijking met een controle groep, een verhoogde opname van radio-
activiteit in het skelet aan. Het quantitatieve skelet onderzoek werd
verricht door middel van metingen van de radioactiviteit in gestandaar-
diseerde gebieden van het skelet, waarbij echter tevens de activiteit in
de weke delen werd gemeten. Hoewel een minimaal verhoogde weke
delen activiteit in sommige patienten kan hebben bijgedragen tot de to-
tale skelet activiteit (TSA), bleek bij alle patienten met histologisch be-
wezen rénale osteodystrofie de TSA duidelijk hoger te zijn dan bij nor-
male personen. De significante correlatie (p < 0.001) welke werd gevon-
den tussen de TSA en de histologische (semi-quantitatief bepaalde) mate
van botombouw, suggereert dat het effect van parathormoon op bot een
belangrijke bijdrage levert tot de verhoogde opname van het radiophar-
macon in het skelet. Een evidente hyperplasie van de bijschildklieren
kon worden aangetoond bij 10 patienten met een hoge TSA, waarbij sub-
totale parathyreoidectomie. werd verricht. De waarneming dat de TSA
enkele weken na parathyreoidectomie ongewijzigd verhoogd blijft sug-
gereert echter dat parathormoon geen direct effect heeft op de opname
van het radiopharmacon in het skelet.

De hypothese dat de verhoogde botombouw ten gevolge van hyper-
parathyreoidie de belangrijkste factor is die de opname van het radio-
pharmacon in het skelet bepaalt, werd verder onderzocht door de resul-
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taten van quantitatieve botscintigrafîe te correleren aan de resultaten van
biochemische en quantitatieve histologische (morphometrische) studies
van het bot (Hoofdstuk IV). Dit onderzoek werd verricht bij 35 patien-
ten die geen parathyreoidectomie hadden ondergaan. Een significante
correlatie (p < 0.001) werd aangetoond tussen de biochemische para-
meters van hyperparathyreoidie, te weten de alkalische fosfatase activi-
teit en het iPTH enerzijds en de histologische parameters, te weten het
osteoblasten oppervlak, het aantal osteoclasten, de graad van fibröse en
endostale cellen langs het bot oppervlak anderzijds. De TSA correleerde
significant (p < 0.001) met al deze parameters van hyperparathyreoidie,
terwijl de correlaties tussen de TSA en het osteoid volume en het osteoid
oppervlak slechts een lage significantie (p < 0.05) toonde. Deze bevin-
dingen wijzen erop dat de opname van het radiopharmacon in het skelet
voornamelijk wordt bepaald door een toegenomen botombouw en niet
door de hoeveelheid osteoid (of de mate van osteomalacie).

Verdere steun voor deze hyppthese kon worden verkregen uit de resul-
taten van het onderzoek'.dat in Hoofdstuk V wordt beschreven. Geduren-
dÊC-cjg^behaiîdeling van rénale osteodystrofie bleek dat er statistisch sig-
nificante correlaties bestonden tussen de veranderingen in de TSA en de
veranderingen in de biochemische en histologische parameters voor !
hyperparathyreoidie, terwijl de verandering in de TSA geen correlatie i
toonde met de veranderingen van de hoeveelheid osteoid. Van de 25 pa- j
tienten in deze studie ondergingen 5 patienten een geslaagde niertrans- j
plantatie, 11 patienten ondergingen een subtotale parathyreoidectomie \
en 9 patienten werden conservatief behandeld. De TSA verbeterde bij 22 j
van de 25 patienten, maar werd niet normaal, ook niet bij de 5 patienten f
met een uitstekend functionerend transplantaat. Het effect van de be- f
handeling kon worden geëvalueerd d.m.v. bot histologische studies bij \
19 van de 20 niet getransplanteerde patienten. Bij 17 patienten werd een ]
duidelijke vermindering van de botombouw gevonden en bij 13 patienten )
was de hoeveelheid osteoid verminderd. Een duidelijke verbetering van f
de mate van op osteomalacie wijzend osteoid werd slechts waargenomen ',
bij 4 van de 19 patienten. De veranderingen van de TSA verliepen, met
één uitzondering, parallel met de veranderingen van de histologische
kenmerken van hyperparathyreoidie en waren totaal onafhankelijk van
de veranderingen van de hoeveelheid osteoid. Deze resultaten tonen aan
dat quantitatieve veranderingen van botscintigrafie gedurende de behan-
deling van rénale osteodystrofie informatie verschaffen over veranderin-
gen in de mate van botombouw (hyperparathyreoidie), maar niet over
veranderingen in de mate van osteomalacie.
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In Hoofdstuk VI worden de resultaten van quantitatieve botscintigra-
fie beschreven, waarbij de opname van radioactiviteit in het skelet bij
30 patienten werd bepaald met en zonder een computer. Het voordeel
van een computer analyse is dat met behulp van een "tracer" het skelet
kan worden afgebakend, waardoor een belangrijk gedeelte van de weke
delen activiteit niet meer wordt gemeten. De aldus totaal gemeten activi-
teit werd ook uitgedrukt als TSA. Door de computer het gemiddelde
aantal tellingen per kanaal in de verschillende skeletonderdelen te laten
berekenen, werd getracht een meer objectieve quantitatieve maat voor de
skelet opname te verkrijgen. Tevens werd de radioactiviteit gemeten in
het bekken ter plaatse van de botboring, welke hierna werd verricht. De
resultaten van de metingen ter plaatse van de botboring correleerde sig-
nificant (p < 0.001) met de TSA, bepaald met en zonder computer, en
met de som van het gemiddelde aantal tellingen per kanaal in alle skelet-
onderdelen. Hieruit blijkt dat de opname van radioactiviteit in het gehele
skelet van patienten met rénale osteodystrofie representatief mag worden
geacht voor de opname van radioactiviteit in de bekkenkam ter plaatse
van de botboring. Deze bevindingen steunen de conclusies van ons voor-
afgaand onderzoek, waarbij de TSA werd gecorreleerd met de histologi-
sche afwijkingen in de biopsie die uit de bekkenkam werd genomen. De
TSA, bepaald met en zonder computer, en de som van het aantal tellin-
gen per kanaal waren bij alle patienten hoger dan bij de controle groep.
De resultaten van alle scintigrafische methoden we. Jen gecorreleerd aan
de histologische bevindingen, waarbij weer een significante correlatie
werd gevonden tussen de opname van radioactiviteit in het skelet en de
histologische tekenen van verhoogde botbouw, met name de osteoblasten
activiteit. Wederom ontbrak een correlatie met de hoeveelheid osteoid.

De resultaten van deze studies tonen aan dat quantitatieve botscinti-
grafie, in het bijzonder wanneer dit wordt verricht met behulp van een j
computer, een gevoelige methode is om de aanwezigheid en de ernst van \
rénale osteodystrofie bij dialyse patienten te diagnostiseren. Deze \
methode is gevoeliger dan biochemisch en röntgenologisch onderzoek i
terwijl de kosten en stralingsdoses vergelijkbaar zijn met die van rönt-
genologisch onderzoek van het skelet. Hoewel histologisch onderzoek
van bot de meest nauwkeurige informatie verschaft betreffende de mate
van botombouw en osteomalacie kan door middel van scintigrafisch
onderzoek - in combinatie met biochemisch onderzoek - ook een vrij
nauwkeurige indruk worden verkregen over de belangrijkste onderliggen-
de botafwijkingen. Verder verschaft botscintigrafie informatie over de
mate van osteodystrofie in het gehele skelet. Een belangrijk voordeel
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voor de patient is dat de diagnostiek en het vervolg van de botafwijkin-
gen door middel van scintigrafisch onderzoek de noodzaak voor herhaal-
de botboringen aanzienlijk verminderd.

Ons onderzoek levert geen bijdrage tot de kennis betreffende het me-
chanisme van de opname van het " m T c radiopharmacon in het skelet
van patienten met rénale osteodystrofie. Wel wijzen onze resultaten erop
dat deze — veelal sterk verhoogde - opname nauw samenhangt met de

i mate van botombouw en cellulaire activiteit, in het bijzonder met de
: osteoblasten activiteit. Hoewel deze verhoogde botombouw afhankelijk
! is van de graad van hyperparathyreoidie, lijkt PTH geen direct effect te

hebben op de opname van het radiopharmacon in het bot. De hoeveel-
heid osteoid, het product van de osteoblasten, lijkt in dit opzicht even-
min een belangrijke factor te zijn, hoewel enige binding van het radio-
pharmacon door de organische bot matrix vermoedelijk wel plaatsvindt.
Mede op grond van recente literatuur gegevens met betrekking tot het
mechanisme van de opname van deze radiopharmaca in het bot lijkt het
derhalve waarschijnlijk dat ook bij rénale osteodystrofie de "mTc-radio-
pharmaca zich voornamelijk hechten aan de anorganische bestanddelen
van het bot. Mogelijk resulteert de verhoogde botombouw en gestoorde
mineralisatie bij rénale osteodystrofie in een verhoogd metabolisme van
calcium en fosfaat in bot en/of in een gestoorde rijping van deze minera-
len tot hydroxyapatiet kristallen. Hierdoor cumuleert amorf of micro-
kristallijn calcium fosfaat meer diffuus in het bot waardoor meer bin-
ingsplaatsen voor het radiopharmacon beschikbaar komen. Uit de resul-
taten van ons onderzoek konden echter geen verdere argumenten worden
verkregen ter ondersteuning van deze hypothese.

Een nadeel van de door ons gebruikte methode van botscintigrafie
is dat deze niet kan worden toegepast bij patienten die nog niet worden
gedialyseerd. Verder zijn de uitkomsten van quantitaticf scintigrafisch
onderzoek bij dialyse patienten met slechts minimale botafwijkingen
minder nauwkeurig, daar bij deze patienten de weke delen activiteit
door middel van dialyse niet geheel kan worden genormaliseerd; dit pro-
bleem is nog niet opgelost.

Het onderzoek naar de aanwezigheid van kalkafzetting in de weke
delen (verder ook aangeduid met de term verkalkingen) bij dialyse pa-
tienten wordt beschreven in Sectie B van dit proefschrift. Bij 30 patien-
ten werd kalkafzetting buiten de inwendige organen aangetoond, en wel
in de ogen (63%), de vaten (33%) en rond de gewrichten (23%), doch
niet in de huid. Zoals vermeld in de inleiding tot deze sectie, komen ver-
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kalkingen in de inwendige organen frequent voor, maar dit is zelden vast
te stellen door middel van niet invasieve technieken. Daar verkalkingen
in de longen en in de maag bij patienten met een nierinsufficientie inci-
denteel zijn aangetoond met behulp van """Tc-radiopharmaca, wordt in
de literatuur de indruk gewekt dat botscintigrafie een waardevolle me-
thode is om deze afwijking aan te tonen. Deze hypothese werd onder-
zocht.

De waarde van botscintigrafie bij de diagnostiek van longverkalkingen
wordt beschreven in Hoofdstuk VII. Van de 30 dialyse patienten werd
slechts bij 1 patient opname van het radiophimnacon in de longen gezien.
Histologisch onderzoek van het longweefsel bevestigde dat hier sprake
was van uitgebreide verkalkingen. Verhoogde thorax/wervelkolom activi-
teit ratios suggereerden een verhoogde opname van liet radiopharmacon
in de longen bij verschillende andere patienten, maar dit kon niet worden
bevestigd. Daar de resultaten van postmortem studies bij dialyse patien-
ten een hoge frequentie van voorkomen van longverkalkingen suggereren,
lijkt het ons, op grond van onderzoek, onwaarschijnlijk dat botscintigra-
fie in dit opzicht een gevoelige methode is. De mogelijkheid dat de geringe
binding van het radiopharmacon aan dit soort kalkafzettingen berust op
het feit dat verkalkingen in viscérale organen een andere chemische en
kristal samenstelling hebben, wordt besproken. Daar histologisch onder-
zoek van inwendige organen bij onze patienten niet kon worden verricht, \
kunnen geen definitieve conclusies worden getrokken. De resultaten van [
deze en overige studies van onze dialyse patienten , evenals de waarnemin- l
gen dat kalkafzetting in de long door middel van botscintigrafie nimmer ^
werd aangetoond bij recent getransplanteerde patienten ondersteunen j
onze conclusie dat alleen ernstige longverkalkingen aantoonbaar zijn |
door middel van botscintigrafie. i

De gevoeligheid van botscintigrafie bij de diagnostiek van kalkafzetting
in de maag wordt besproken in Hoofdstuk VIII. Dit werd bestudeerd bij
45 chronische dialyse patienten, waarbij bij 15 van de 35 patienten,
welke aanvankelijk werden onderzocht, opname van radiopharmacon in !

de maag werd gezien. Dit was zeer suggestief voor de aanwezigheid van
maagverkalkingen, daar geen radioactiviteit opname in de schildklier
werd gezien. Dit sluit volgens de literatuur afbeelding van de maag door
in vivo vrij pertechnetaat uit. Het kon echter worden bewezen dat de
afbeelding van de maag wel het gevolg was van in vivo vrij pertechnetaat.
Dit is vermoedelijk het gevolg van een chemische reactie tussen het radio-
pharmacon en calcium en/of magnesium in het dialysaat. Door het ge-
bruik van recirculerend dialysaat wordt het vrije pertechnetaat vervolgens
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weer in de patient gebracht. Het fenomeen dat vrij pertechnetaat wel de
maag, maar niet de schildklier afbeeldt, is bij ons weten niet eerder be-
schreven. Dit berust vermoedelijk op het feit dat de maag, in tegenstel-
ling tot de schildklier, het pertechnetaat gedurende uren kan concen-
treren. Nadat het gebruik van recirculerend dialysaat bij de dialyse tech-
niek werd gestaakt, werd bij geen van de patienten meer een afbeelding
van de maag gezien. Dit werd evenmin waargenomen bij 55 patienten,
waarbij een botscan werd verricht vlak na transplantatie. Uit deze gege-
vens blijkt dat botscintigrafie evenmin een gevoelige methode is om ver-
kalkingen van de maag bij dialyse patienten aan te tonen.

In Hoofdstuk IX wordt een onderzoek beschreven naar het voorko-
men van verkalkingen in de huid bij 30 dialyse patienten. Bij iedere pa-
tient werden voorafgaande aan de scintigrafie 2 huid biopsieën genomen
uit of verdachte huidlaesies of uit predilectie plaatsen voor verkalkingen.
Hierna werd de ratio huid/circulerende radioactiviteit berekend, waarna
de biopsieën histologisch werden onderzocht. Met geen van beide metho-
den kon verkalking van de huid worden aangetoond. Ook bij electronen
microscopisch onderzoek van de huid van 5 patienten met uitgebreide
verkalkingen elders, werden geen kalkafzettingen in de huid gevonden.
Dit onderzoek bevestigt het vermoeden dat verkalking van de huid zeld-
zaam is bij dialyse patienten. Een verklaring hiervoor ontbreekt.

Enkele observaties betreffende de afzetting van kalk in de ogen wor-
den beschreven in Hoofdstuk X. Met de spleetlamp werden corneo-
conjunctivale verkalkingen aangetoond bij 19 van de 30 onderzochte
dialyse patienten. Het blijkt dat deze verkalkingen vaker voorkomen, of
vroeger kunnen worden gediagnostiseerd, dan verkalkingen elders. De
bekende, waarschijnlijk causale, relatie met een verhoogd CaxPO4 product
kon worden bevestigd. Degeneratieve oogafwijkingen zijn echter vermoe-
delijk ook van belang bij de pathogenese van dit type kalkafzetting. Alle
patienten hadden degeneratieve oogafwijkingen (pingueculae), hetgeen
niet het geval was bij een vergelijkbare controlegroep. Verder nam de
ernst van de kalkafzetting toe met de leeftijd en de duur van de dialyse.
Een verbetering van de cornea verkalkingen werd bij sommige patienten
gevonden na transplantatie, doch ook na parathyreoidectomie, hetgeen
niet eerder is beschreven. Dit werd echter voornamelijk bij enkele jonge
patienten waargeii >men. Deze gegevens wijzen erop dat degeneratieve
oogafwijkingen vemoedelijk ook een belangrijke factor zijn bij de patho-
genese van de afzetting van kalk in de ogen. Dit type verkalking is ver-
moedelijk een mengvorm van metastatische en dystrofische verkalking.
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Het onderzoek naar het persisteren en de complicaties van hyperpara-
thyreoidie na niertransplantatie wordt beschreven in Sectie C. Tevens
werd het voorkomen van avasculaire botnecrose bestudeerd in relatie tot
mogelijke predisponerende factoren.

In Hoofdstuk XI wordt de ziektegeschiedenis van een transplantatie
patiente met persisterende hyperparathyreoidie beschreven, waarbij
röntgenologisch periostale nieuwe botvorming werd waargenomen en
waarbij snel progressieve verkalkingen van de vaten ontstonden. Perio-
stale nieuwe botvorming wordt beschouwd als een complicatie van
hyperparathyreoidie. Deze ongewone afwijking werd bestudeerd d.m.v.
histologisch onderzoek van botbiopsieèn uit de tibia, maar het mecha- '.
nisme dat verantwoordelijk is voor dit fenomeen kon niet worden op-
gehelderd. De progressieve metastatische vaatverkalkingen veroorzaakten ;
ischaemie en uitgebreide huidnecrose bij deze patiente, hetgeen fataal j
bleek. Volgens de literatuur had deze zeldzame complicatie vermoede- .
lijk kunnen worden voorkomen indien eerder een parathyreoidectomie
was verricht.

Het onderzoek naar het voorkomen van persisterende hyperparathy- j
reoidie na transplantatie en het beloop, de behandeling en de mogelijke j
complicaties hiervan, worden beschreven in Hoofdstuk XII. Dit onder- j
zoek werd verricht bij 170 patienten met een functionerend niertrans- j
plantaat. De diagnose posttransplantatie hyperparathyreoidie (PTHP)
werd gesteld indien er hypercalciaemie (onder prednison therapie) be- I
stond. Dit werd gevonden bij 52 patienten (30%). De hypercalciaemie \
ontstond in de meeste gevallen binnen 6 maanden na transplantatie. j
Het ontstaan van de hypercalciaemie leek afhankelijk te zijn van de ]
functie van het transplantaat en de dosis prednison. De hypercalciaemie
verdween bij 39 patienten spontaan en bij 6 patienten na subtotale
parathyreoidectomie. Behandeling van de hypercalciaemie met anorga-
nisch fosfaat was niet effectief. Het schadelijk effect van de hypercal-
ciaemie op de transplantaat functie kon slechts worden aangetoond bij
2 patienten met een ernstige hypercalciaemie waarbij de transplantaat-
functie verbeterde na parathyreoidectomie. Er bestond geen verband
tussen het voorkomen van PTHP en avasculaire botnecrose (ABN), zodat
het onwaarschijnlijk lijkt dat PTHP een rol speelt in de pathogenese van
ABN. De resultaten van dit onderzoek tonen aan dat PTHP in de meeste
patienten van voorbijgaande aard is, niet predisponeert voor het ontstaan
van ABN en over het algemeen de transplantaatfunctie niet bedreigt.
Op grond van deze gegevens kan worden gesteld dat subtotale para-
thyreoidectomie vermoedelijk alleen is geïndiceerd bij patienten, waar-
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bij een uitgesproken PTHP bestaat met serum calcium waarden boven
3.0 mmol/1. Indien bij minder ernstige vormen van PTHP geen progres-
sieve vaatverkalkingen optreden, er geen duidelijk aanwijsbare toename
van de rénale botziekte optreedt en er geen ernstige hypophosphataemie.
ontstaat t.g.v. de PHTP, kan het beloop conservatief worden aangezien.

Röntgenologische aanwijzingen voor ABN werden gevonden bij 52
patienten (30%). Uit vergelijkend rö'ntgenologisch en scintigrafisch
skeletonderzoek is gebleken dat botscintigrafie een betrouwbare me-
thode is voor routineonderzoek naar het voorkomen van ABN bij trans-
plantatie patienten. De aanwezigheid van ABN correleerde significant
(p < 0.001) met de totale hoeveelheid prednison gedurende de eerste 3
maanden en ook met het aantal rejectiebehandelingen gedurende het
eerste halfjaar na transplantatie. Aanwijzingen dat andere factoren, be-
halve mechanische stress, predisponeren tot het ontstaan van ABN kon-
den niet worden verkregen. Onze gegevens suggereren verder dat een
duidelijke vermindering van het voorkomen van ABN kan worden ver-
kregen, indien minder dan 3 rejectiebehandelingen worden gegeven en/of
wanneer de totale hoeveelheid prednison gedurende de eerste 3 maanden
na transplantatie kan worden beperkt tot minder dan 5000 mg.
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CURRICULUM VITAE

De schrijver van dit proefschrift werd geboren op 13 april 1942 te
Noordwijk. In 1959 deed hij eindexamen middelbare school te Johannes-
burg. In 1960 werd de studie in de Geneeskunde te Leiden aangevangen.

Na het artsexamen in 1969 was hij gedurende twee jaar werkzaam op
de afdeling Intensive Care en Beademing van het Academisch Ziekenhuis
te Leiden (Hoofd: J.J. van Zanten).

In 1971-1972 was hij gedurende een half jaar werkzaam als assistent
op de afdeling Chirurgie van het Diaconessenhuis te Leiden onder leiding
van J.F. van Rhede van der Kloot.

In 1972 werd begonnen met de opleiding tot internist in de afdeling
Inwendige Geneeskunde van de Diaconesseninrichting "Bronovo" te
's Gravenhage (Hoofd: H. Schrijver) en in 1974 voortgezet in de Hoofd-
afdeling Inwendige Geneeskunde van het Academisch Ziekenhuis te
Leiden (Hoofd: Prof. Dr. J. de Graeff). Op 1 oktober 1976 werd hij als
internist ingeschreven in het Specialisten Register. Van 1976 tot 1980
was hij verbonden aan de Vakgroep Nierziekten (voorzitter: Prof. Dr.
J. de Graeff) als wetenschappelijk medewerker eerste klas.



STELLINGEN

I
Het is tot op heden niet aangetoond dat la-hydroxyderivaten van
vitamine D effectiever zijn bij de behandeling van rénale osteodystrofie
dan farmacologische doseringen dihydrotachysterol.

II
Indien na niertransplantatie bij patienten met een persisterende secundaire
hyperparathyreoidie progressieve vaatverkalkingen optreden, dient een
subtotale parathyreoidectomie te worden verricht.

III
De kans op het ontstaan van een avasculaire botnecrose na niertrans-
plantatie kan aanzienlijk worden verkleind indien gedurende de eerste
3 maanden minder dan 5000 mg prednison wordt toegediend.

IV
Bij het advies aan patienten met avasculaire botnecrose van de onderste
extremiteiten om krukken te gebruiken dient men zich te realiseren dat
de kans op het ontstaan van botnecrose in de bovenste extremiteiten
groot is.

Bij botscintigrafie is de afwezigheid van radioactiviteit opname door de
schildklier geen bewijs voor de afwezigheid van in vivo vrij pertechnetaat.

VI
De stijging van de SGOT activiteit na dialyse berust niet op het verwij-
deren van een GOT remmer door de dialyse behandeling.

VII
Het is onjuist het hyperaldosteronisme ten gevolge van bilaterale bijnier-
schors hyperplasie als primair te duiden.



VIII
Het valt te betwijfelen of het zgn. C.R.S.T. syndroom als een apart syn-
droom moet worden beschouwd.

IX
Patienten met my asthenia gravis waarbij een thym(om)ectomie wordt
verricht dienen postoperatief gedurende enkele dagen geintubeerd te
blijven.

X
Voor zover er wetenschappelijk onderzoek naar is verricht overtreffen
de resultaten van placebo behandeling die van alternatieve geneeswijzen.

XI
Medici die musiceren dienen te voorkomen dat zij musici worden die
medicineren.

XII
Promoveren is speculeren.

P. de Graaf 12 maart 1980


