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Typical bone changes in uremia, such as osteitis
fibrosa, osteomalacia, and sometimes osteosclerosis
(1,2) , are commonly referred to as renal osteodys
trophy. 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
radiographic findings (6) . Biochemical data provide
information about the hyperparathyroid state (7,8)
but are of limited diagnostic value. Microscopic
bone studies allow more specificrecognition of bone
abnormalities than current radiographic methods,
although the latter can be improved with magnifica
tion techniques (9).

Recently, abnormal bone scans in patients on
maintenance hemodialysis1@ave been reported (11â€”
14). Qualitative studies showed increased skeletal
activity, often before the radiographic changes
(11,12) . At present, the only quantitative data avail
able concern bone-to-soft-tissue activity ratios in the
distal femur, which were significantly increased in
dialysis patients (13,14) . This increase of skeletal

activity in renal osteodystrophy has been attributed
mainly to osteomalacia (13â€”15) or to hyperparathy
roidism (11).

However, bone scintigraphy in uremic patients is
complicated by delayed or absent renal radiotracer
excretion, which may lead to increased skeletal up
take and elevated soft-tissue levels (12,18) . In our
experience, increased background radioactivity oc
curs in uremic patients and often results in a scan
of inferior quality after 2â€”3hr, except in those pa
tients in whom skeletal uptake is markedly increased
due to severe osteodystrophy. We attacked this prob
lem by using hemodialysis to lower the activity of
circulating radiotracer to normal levels before we
collected quantitative data. This paper presents the
results of such studies in normal controls and pa
tients with histologically proven renal osteodys
trophy.
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Bone scintigraphy with Tc-99m HEDP was performed in 30 patients on
maintenance hemodialysis, and the results of quantitative analysis were
compared wilh those of a normal group. To permit this comparison, ele.
vated background activity due to the absence of renal radiotracer excretion
was reduced by hemodialysis to levels found in the normals. Histologic
proof of renal osteodystrophy had been obtained in all patients. The mci
dence of radiographic abnormalities was 46%, whereas abnormal scans
were found in 25 patients (83%) ; skeletal lesions were also more pro.
nounced and detected earlier. However, even when the scans appeared nor
nuil, 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 osteomalacia and
hyperparathyroidism. These findings show that bone scintigraphy is a sen
sitive method to detect skeletal involvement in renal osteodystrophy.
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rectangular areas over the skeletal regions of interest
mentioned below. Bladder activity, if present, was
taken into account. The kilocounts (kC) of radio
activity registered in these regions were: head re
gion, 200 kC; chest region, 300 kC; spine, 80 kC;
pelvic region, 350 kC; hip region, 250 kC; thighs,
75kC; kneeregion,75kC; lowerlegs,50kC; 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. When necessary, skeletal
activity was corrected for radioactive decay and
background activity. In both groups, the sum of the
activity rates counted in the head region (noted as
skull), chest region, pelvic and hip region, and lower
extremities was taken as an index of the total skeletal
activity. Although detailed quantitative skeletal in
formation could not be obtained without a corn
puter, and the quantitative data collected represent
the radioactivity in the entire region of interest in
cluding soft-tissues, unavoidable inaccuracies were
minimized by using standardized regions of interest
in both groups and reducing 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 increased activity. Zero or near-zero in
creases were graded as normal (0) , an increase in
less than six regions as mild (+)@ and in more than
five regions as marked (++).

RESULTS

Table 1 shows the clinical, biochemical, radio
graphic, histologic, and scintigraphic findings. Histo
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FIG. 1. Exampleof thestandardizedmethodusedinpatients
and controls before scintigraphy.

MATERIALS AND METHODS

Thirty patients (21 males and nine females) on
maintenance hemodialysis were studied. The median
age was 37 yr (range 15â€”58yr) , the median dialysis
duration 41 mo (range 4â€”101mo) . Creatinine clear
ance was below 5 mi/mm in all patients; nine pa
tients had been nephrectomized. Subtotal parathy
roidectomy had been performed in five patients. All
patients were treated with phosphate-binding ant
acids. Seven patients were on low doses of dihydro
tachysterol (0.2 mg daily) . Before scintigraphy, the
relevant biochemical, radiographic, and histologic
investigations were performed. Parathyroid hormone
data were excluded from this study. A radiographic
skeletal survey, performed without the use of mag
nification techniques, included the skull, chest, spine,
hands, feet, and pelvic region. Findings were arbi
trarily 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 nor
mal (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 seam in relation to the presence of osteo
blastic lining.

All patients and eight normal volunteers (median
age 35 yr, range 22â€”51 yr) were given 10 mCi Tc
99m HEDP per 70 kg body weight. Peak circulating
activity was found between Â½and 1Â½ mm after
i.v. administration. Serial blood samples (1 ml) were
collected at regular intervals in both groups and
counted after 5Â½hr. In the patients, dialysis was
started 15 mm after administration of the radiotracer
and continued for 4Â¾ 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 (acrylonitrile membrane)
connected to a single-patient unit was used through
out. 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.

Scintigraphy was performed after 6 hr with a large
field gamma camera provided with two scalers and
controls to register counts in selected regions of
interest. Images were obtained by standard position
ing 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
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TABLE1. CLINICAL,BIOCHEMICAL,HISTOLOGIC,RADIOGRAPHIC,AND SCINTIGRAPHICDATA

Normal values:2.25â€”2.650.8â€”1.45<602.6â€”4.11M5793+2.371.3868100+7.212F4022â€”2.322.2781220++8.923M5723â€”2.413.122912006.874M5259+2.033.178622+++7.985M5145â€”2.163.0773100+7.396M2862â€”2.242.0017331+++9.297M3565+2.211.265703++7.838F3235â€”2.302.8467220+7.699F3539â€”2.803.0221232-j--)--)--)-9.2910M2871â€”2.331.397631+++9.6311F

3673â€”2.211.768021+++8.5912M
30101+2.522.428013++++11.3813M4246â€”2.162.3579120+6.3314M3832â€”2.202.3145110+6.1015F3741â€”2.011.0621323+++9.3616F

4017â€”2.341.6793120+6.6917M2939â€”2.142.0519232+++9.0718M4846â€”2.253.136912+06.8919M

3071â€”2.231.2813723+++-)-8.8220F4811â€”2.391.746511005.7221M2323â€”2.331.7148230+7.2122F2241â€”1.901.5789230++8.0323M5236â€”2.391.976011005.8124M5831â€”2.361.3644120+6.9325F3777+1.931.7835120+7J726M

3128â€”2.301.7324032++-)--(-9.8327M4277â€”1.921.6220233+++8.8228M3341â€”2.241.39147110+8.1729M454â€”1.921.945611006.9430M

159â€”1.771.6966032++-(--)-10.70

S Abbreviations used: Px subtotal parathyroidectomy. Calcium and phosphorus mean of five consecutive predialysis values.

A.P. = alkaline phosphatate (U/I Bessey), value at time of scan. O.F. osteitis fibrosa. O.M. osteomalacia. kC/sec kilo
counts/sec. Histologic, radiographic and scintigraphic grading: see Materials and Methods.
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FIG.2. (A)Partofa bonebiopsysection,showinglargepart
of bone surface covered with osteoblasts 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 @m,Gallamine-Giemsa, X100 (A) and X450 (B).
(50% photographic reduction)

FIG.3. left:Exampleof osteomalacia,gradeI. Partof bone
biopsy section showing increased amounts of osteoid (black) as
sociated with osteoblast seams. Whole bone surface in all micro
scopical fields was covered with osteoblasts and osteoclasts (os
teitis fibrosa, grade Ill). Right: Osteomalacia, grade Ill. Note in
creased amounts of osteoid, not associated with increased bone
turnover. Methacrylate, 2 @cm,Goldner stain, X 100 (left) and X450
(right).(33Â°f.photographicreduction)
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slightly higher than in the normals suggests that the
excretion of the tracer under hemodialysis was less

@t .J effectivethanthenormalrenalexcretion.
,â€˜@ â€¢ â€˜ . ,p Quantitative data obtained in both groups are

. @.. i'@ shown in Figs. 7 and 8. The upper limit of the total. S skeletalactivityinnormals(Fig.8)didnotexceed
4.1 kC/sec (range 2.6â€”4.1, mean 3.07 kC/sec).

Increased activity was recorded in almost all skele
tal regions of the patients investigated (Fig. 7), even
when the scans appeared normal (Table 1) . In the
latter group, serum alkaline phosphatase levels were

I â€¢â€˜ S@ near normal, bone microstructure showed only mild

. 7

FIG.4. Exampleofbonescangradedasnormal. @: @j@@@@

logically increased bone remodelling and/or excess @â€˜-@
osteoid was found in all 30 patients. Twenty-seven of@ 4
these patients (90% ) showed a combination of os- .@
teitis fibrosa and osteornalacia. In Figs. 2 and 3@
examples of the various grades of bone microstruc-@
ture are shown. Serum alkaline phosphatase was @.
elevated in 23 patients (76% ) and correlated with@@ @â€˜ (@â€˜@â€˜@@ j.@
the degree of osteitis fibrosa (r = 0.7 1, p < 0.001 ).@ â€˜ .@ .
Radiographic abnormalities were found in only 14@@
patients (46% ) and were graded â€œmarkedâ€•in only@ @.-
five.

Qualitative analysis revealed abnormal scans in 25
. . . . FIG. 5. Example of bone scan graded as mild (upper limit).

patients ( 83 % ) , with a markedly diffuse and in- Note activityin femoralarteries, suggestiveof arterial calcification.
creased activity in 14 (47 % ) . Only one false- Radiographsalso showedcalcifiedarteries.
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 in
creased activity in the different skeletal regions of@
interest was: head region, 60% (skull, 50% ; man-@@
dibles, 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 comparable: less than 10% of the . â€¢
initial activity recorded in both the patients and the@ . â€˜i@'
controls. In the patients, circulating activity varied,
depending on the dose administered and the degree S
of skeletal disease. Patients with severe osteodystro- .
phy had high skeletal activity and lower levels of
circulating activity than normals, and vice versa, :
which indicates that background activity did not play
a large role in the skeletal activity registered. How
ever, the observation that circulating activity in the

. . Fl . 6. Example of markedly abnormal bone scan, showing

patients with mild osteodystrophy was generally diffuseincreasedactivityaccumulationin all skeletal parts.
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osteodystrophy, and the total skeletal activity was
less than 7 kC/sec. Qualitatively abnormal skeletal
uptake was observed only when the total skeletal
activity exceeded 6 kC/sec (Fig. 9). Marked quali
tative scan abnormalities were noted when the total
skeletal activity exceeded 8 kC/sec. In this group
marked osteodystrophy was confirmed with conven
tional diagnostic methods (Table 1 ). Radiographic
abnormalities were seen when the total skeletal ac
tivity exceeded 7.5 kC/sec and were marked at levels
above 8.5 kC/sec (Fig. 9) . The highest skeletal ac
tivity was recorded in Patient I 2, who had been on
dialysis for almost 9 yr and had severe pulmonary
calcification, visible on the scan and confirmed by

open lung biopsy. Subtotal parathyroidectomy had
been performed in this patient, but only two para
thyroid glands were removed.

In the remaining four patients, all of whom had
been parathyroidectomized before scintigraphy be
cause of severe osteodystrophy, the total skeletal
activity was less than 8 kC/sec. All these patients
were on low doses of dihydrotachysterol. In the three
other patients on dihydrotachysterol (without para
thyroidectomy) no improvement was noted and their
skeletal activity was above 8.5 kC/sec.

After scintigraphy, subtotal parathyroidectomy
was performed in all but two of the patients with
marked scintigraphic abnormalities and a total skele
tal activity above 8.5 kC/sec. Additionally, one pa
tient (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
transplant and one (No. 26) who was inoperable.
In all of the ten patients who were parathyroidecto
mized, significant parathyroid hyperplasia was found.
The mean weight of the excised parathyroid tissue
was 1450 mg (normal total parathyroid weight o@120
mg) . Subsequently, these patients 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 dihydrotachys
terol.

In one patient (No. 9) scintigraphy was repeated
3 wk after parathyroidectomy. She was clearly in
hypoparathyroid state, but identical quantitative re
suits were obtained.

DISCUSSION

In all of the patients in the present study, bone
biopsy specimens had provided histologic proof of
renal osteodystrophy. Serum alkaline phosphatase
was elevated in 76% of them, and radiographic
changes were found in 46% . The low incidence of

@o@ Patients
2.S@ NormaLs
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FIG.7. Quantitativedataobtainedinselectedregionsof interestinbothgroups.expressedaskC/seccorrectedfor10-mCi
Tc-99m HEDP dose.

radiographic abnormalities illustrates the insensi
tivity of this technique with respect to skeletal lesion
in renal osteodystrophy.

Abnormal bone images obtained with Tc-99m-
labeled phosphate compounds have been reported in
nonuremic hyperparathyroidism and osteomalacia
(13,19,20), and recently in renal osteodystrophy
(11â€”14). In the present study, qualitative scinti
graphic analysis showed an incidence of abnormal
scans of 83 % , which supports the conclusion reached
by Sy (1 1 ) and Ã˜lgaard (12) that qualitative scm
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FIG.8. Totalskeletalactivity,expressedaskC/seccorrected
for 10-mCi Tc-99m HEDP dose.
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nary data do indicate that, in renal osteodystrophy,
S quantitative bone scintigraphy, when aided by com

S puterized analysis, offers a potentially reliable tech

S nique for the early detection of skeletal involvementS

S 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 fol
lowup of renal osteodystrophy. Furthermore, the in

S Patients fluence of background activity can be minimized by

0 NormaLs reducing circulating activity with hemodialysis. We

cannot, however, completely exclude the possibility
that some extra increase of skeletal uptake occurredmild marked,@ I@ S S duetolessefficienttracerexcretionunderhemo

NORMAL ABNORMAL NORMAL ABNORMAL dialysis, thereby contributing to lower background

Qualitative Roentgenographic levels in the scans.
Scan A nalysis Analysis Unfortunately, the scintigraphic findings do not

permit differentiation between hyperparathyroidism
FIG.9. Relationshipbetweentotalskeletalactivity,qualitativeand osteomalaciaasthe main causeof the bone ab

scan, and roentgenographic findings. normality, and abnormal scans should therefore be

supplemented with bone microscopy. This is due to
the nonspecificity of radiopharmaceutical bone up

tigraphic analysis is superior to conventional radio- take, which is a multifaceted process whose precise
graphic methods. mechanism of action is still not fully understood

Rosenthall, Kaye, and Wiegmann (13,14), who (21 ) . Evidence has been obtained that the binding
quantitated bone uptake, found a significant increase of Tc-99m phosphate complexes occurs by ionic ex
in the ratio between distal-femur bone and soft tissue change at crystal surface areas (22) , which are great
in dialysed patients. In the present study, quantitative est in immature bone where osteoid is newly de
analysis showed increased skeletal uptake in all pa- posited. Increased local vascularity would facilitate
tients with histologic evidence of renal osteodystro- this process (23) . Furthermore, enzymatic receptor
phy. In contrast with the qualitative scan findings,
a marked increase of skeletal activity, compared with
normals, was registered in almost all skeletal regions
of interest (Fig. 7) . Furthermore, scintigraphy pro
vided more information than bone microscopy, since
the former indicates the extent and severity of osteo
dystrophy in the whole skeleton. The advantage of I

SS@S

quantitative over qualitative scintigraphy and radio-@
graphic analysis is further illustrated in Fig. 9. In 5 S S

contrast with the x-ray findings, the total skeletal â€¢) s I
S

activity clearly separated patients from normals and s
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 r=+0.6/. r=+0.3/.
kC/sec were parathyroidectomized, and all of them P<O.001 0.05< P< 0.10
clearly showed parathyroid hyperplasia. The remain- (two sided) (two sided)
ing patients with less severe scintigraphic abnormali- â€˜ â€˜ I i i I i I
ties were treated conservatively. 0 1 2 3 0 1 2 3

Because detailed skeletal information could not
be obtained by our method without computerized Osteitis Fibrosa Osteomal.acia
analysis, some caution should be exercised in the FIG. 10.Relationshipbetweentotalskeletalactivityandvan
interpretation of the results. However, our prelimi- ousgradesof osteitisfibrosaandosteomalacia.
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uptake and hyperparathyroidism. Moreover, all para
thyroidectomized patients with high skeletal activity
had shown parathyroid hyperplasia at operation. In
agreement with the findings of others (13,14), re
peated quantitative analysis in one of our patients
did not show a decrease of 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 mainly on the amount of
immature collagen. Thus, a direct parathyroid hor
mone effect is apparently not a predominant con
tributory factor in bone uptake of radiotracer, but
our data and those of Sy (11) do suggestthat hyper
parathyroidism contributes to increased bone uptake.

In renal osteodystrophy,hyperparathyroidism and
osteomalacia coexist. 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
hyperparathyroidism and@ vitamin D deficiency in
creases the rate of bone turnover and collagen me
tabolism, and results in an excess amount of imma
ture collagen, high enzyme activity, and presumably
increased surface areas for radionuclidebone binding.

It is suggestedthat such a combined state will
facilitate radiotracer uptake and binding to bone and
might explain the often exceptionally high skeletal
uptake seen in renal osteodystrophy in this study.
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1' A basic course in the optimal utilization of bone imaging in clinical practice is being offered by the Societyof
Nuclear Medicine's Subcommittee on Continuing Education and CourseAccreditation and two SNM chapter
cosponsors.

January 21, 1979 May 5, 1979 June 25, 1979

Hyatt Regency
Phoenix, AZ

Sheraton Boston Hyatt House
Boston, MA Atlanta,GA

SNMMid-Winter New England Annual Meeting

Chapter Cosponsor FeatureMeeting Feature

The programs are specifically designed for community hospital nuclear medicine physicians and technologists.
Five hours of AMA Category 1 credit and 0.5 CEU hours have been requested.

Specific topics and faculty members will vary with each presentation.

For further information contact: Karen J. Chang, Education Coordinator, SNM, 475 Park Avenue South, NY,
NY 10016.
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