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Tc-99m-HMDP bone uptake quantification and plasma osteocalcin
levels in hemodialysis patients—a preliminary study
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In this preliminary study plasma osteocalcin levels and Tc-99m-HMDP (Technetium 99m
hydroxymetylene diphosphonate) bone uptake (BU) were measured in 10 chronic end-stage
renal failure patients who were on maintenance hemodialysis. The aim of this study was to
determine the correlation between bone uptake and osteocalcin-a sensitive and specific
marker of osteoblastic activity. There was a statistically significant increase in both 20 and
180 minute uptake in the patient group (364-2.7 and 39-4-3.6) when compared to the normal
volunteers (324-3.1 and 19+42.7). Plasma osteocalcin levels were also significantly high
(24.54-5.6 ng/m/) when compared with normal values (6.54-2.3 ng/m/). The correlations
between osteocalcin and 20 and 180 min BU were high (r=0.62 and 0.72 respectively).
In conclusion, our preliminary study suggests that, in hemodialysis patients, Tc-99m-
HMDP bone uptake quantification is a sensitive and non-invasive method for showing

increased osteoblastic activity.
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INTRODUCTION

IN cHRONIC end-stage renal disease, renal osteodys-
trophy (ROD) may result from secondary hyperpara-
thyroidism, abnormalities in vitamin D metabolism,
chronic metabolic acidosis and other complex mech-
anisms. According to bone histomorphometric
studies, these patients are classified as slow and high
turnover RODs, and it has been reported that
plasma osteocalcin levels are consistently increased
in both groups.! Plasma osteocalcin levels are
reported to be a sensitive and spesific indicator of
osteoblastic activity? and correlated well with his-
tomorphometric parameters of bone formation.?
However, there are controversial reports with respect
to its correlation with parameters of bone mineraliza-
tion.4
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BU quantification with Tc-99m labeled phosphate
compounds have been used as a radionuclide diag-
nostic test in the evaluation of patients with meta-
bolic bone disease. Increased bone uptake has been
reported in patients with ROD probably due to
increased osteoblastic activity. In these studies,
several quantification methods, such as bone to
soft-tissue activity ratios,37 whole body radionuclide
retention,8 total skeletal activity,® and regional bone
standard ratios!® were used. However, in this study,
BU was evaluated by using a different quantification
method with three phase bone scan.

The aim of our study was to investigate the cor-
relation between plasma osteocalcin levels and
Tc99m-HMDP bone uptake values in end-stage renal
disease patients who are on maintenance hemo-
dialysis.

MATERIALS AND METHODS
Patients

10 end-stage renal failure patients (mean age: 34,
range: 10-54 years; 7 males and 3 females) on
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maintenance hemodialysis were studied. The mean
durations of hemodialysis and end-stage renal failure
were 8 months and 17 months respectively. Hemo-
dialysis was performed twice weekly for approxi-
mately 5 hours with a cellulose membrane
(Cuprophane) dialyser. The patients were on normal
daily activities and received calcium carbonate and
phosphate binders. Serum alkaline phosphatase,
PTH-C and PTH-M levels of the patient group are
shown in Table 1.

10 normal volunteers without any metabolic bone
disease (mean age: 35, range: 18-65 years; 8 males
and 2 females) were studied as the control group.
Informed consent was obtained before study in all
patients and normal volunteers.

RIA for osteocalcin

Blood samples for osteocalcin were taken just before
hemodialysis and RIA for osteocalcin was performed
with Human Osteocalcin RIA Kit OSTK-PR; CIS.
The normal ranges were 6.6-+-2.3 ng/m/ for men and
4.8+ 2.1 ng/m/ for women. The sensitivity of the
assay was 0.35 ng/m/. The intraassay cv was %4.7--
0.6 and interassay cv was %5.4-4-0.8.

Bone uptake quantification

Bone uptakes were quantified from the skull since
there was almost no soft tissue attenuation of the
gamma ray emission. After IV injection of Tc-99m-
HMDP (550 MBq), 3 phases are recorded which
represent the vascular, early and late bone uptakes.
Lateral cranium views in a 64x 64 matrix were
recorded on disk for further processing of bone
uptake. The acquisition times were: 1) From 0 to
120 seconds with one frame per second for the
vascular phase; 2) At 20 and 180 minutes with
static acquisitions of 1 minute for the early and late
bone uptakes. Using ROI’s of 4x4 pixels, initial

Table 1 Alkaline phosphatase (AP), PTH-C and PTH-
M values in hemodialysis patients

NG AP PTH-C PTH-M
(IU/ml) (pg/ml) (ng/m/)

1 156 918 855

2 183 710 680

3 476 128 99

4 165 135 62

5 214 137 80

6 573 229 105

7 12 163 120

8 240 150 110

9 147 419 390

10 95 116 95

Mean-+SE 196434 310490 315494
Normal range  41-133 20-90 0-27
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vascular activity was measured in the torcular region
during 60 seconds after the beginning of flow activity
in the cerebral vessels. The bone activity was meas-
ured on the temporal region at 20 and 180 minutes
and the background activity was taken on the neck
region. Figure 1 illustrates the location of the ROT’s.
The bone uptake ratio was quantified as an index
from the following formula:

Bone activity at time t—background activity/
vascular activity 0 to 60 sec—background activity.

Results are expressed as the mean--standard error.
Students’ unpaired t test was used for statistical
analysis.

RESULTS

The results of bone uptake quantifications in normal
volunteers and in hemodialysis patients are shown
in Figure 2. 20 min BUs were 324-3.1 and 36--2.7,
and 180 min BUs were 19+42.7 and 39--3.6 in nor-
mal volunteers and hemodialysis patients respec-
tively. The increase in BUs in hemodialysis patients
was statistically significant (p<<0.05). The osteocalcin
levels and BUs of hemodialysis patients are shown in
Table 2. The osteocalcin level in the patient group
was 24.54-5.6 ng/m/ which was significantly higher
than the normal range 6.54-2.3 ng/m/. The correla-

Fig. 1 Lateral cranium view shows locations of the
ROIs in the vascular phase (1: Torcular, 2: Temporal,
3: Background regions).
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Fig. 2 Bone uptake (BU) ratio in normal volunteers
and hemodialysis patients.
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Table 2 Osteocalcin and bone uptake values in hemo-
dialysis patients

No BU. BU Osteocalcin
(20 min) (180 min) (ng/ml)
1 51 50 55.0
2 43 64 45.0
3 29 31 12.4
4 39 40 24.5
5 37 42 45.6
6 36 37 20.4
7 28 27 9.0
8 46 45 7.0
9 25 29 17.0
10 28 29 9.4
Mean+SE 364-2.7 394-3.6 24.545.6
Normal value  32+3.1 19+2.7 6.5+2.3

tion between osteocalcin and 20 min BU and 180 min
BU was high (r: 0.62 and r: 0.72 respectively).

DISCUSSION

Bone uptake quantification has been proposed as a
useful index in the assessment of patients with meta-
bolic bone disease. De Graaf et al. have found that
computerized quantitative analysis is an accurate
scintigraphic method for detecting ROD, and that
secondary hyperparathyroidism is the major cause
of increased tracer uptake as judged from bone
histomorphometric analysis.?

In this study, a simple quantification method by
using three phase bone scintigraphy which minimizes
soft tissue activity and enables shorter imaging time,
was performed in order to evaluate early and late
bone uptakes. Our results showed that both 20 and
180 minute uptakes were increased in hemodialysis
patients who have ROD. Although the exact mech-
anism of Tc-99m-HMDP accumulation in bone is
still not known, it is currently accepted that the
selective concentration of the tracer by the hydro-
Xyapatite crystals and chemisorbtion are responsible
for it.10 A large surface area to volume ratio and
large hydration shells are some chemical and physi-
eal properties of the hydroxyapatite crystal respon-
sible for direct tracer incorporation.ll However,
there are other studies which indicate that immature
collagen,'? bone cells,13 and enzymes or enzyme
receptor sites in the organic matrix!4 may play a role
in tracer uptake.

Osteocalcin (Bone GLA Protein) (BGP) is an
extracellular protein with a molecular weight of
5700. It contains three residues of calcium-binding
amino acid [gamma-carboxyglutamic acid (Gla)),
and is synthesized specifically by the osteoblasts.15
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Several studies suggest that plasma osteocalcin levels
reflect the portion of the newly synthesized protein
which is not bound to the mineral phase of bone,
but instead which is directly released into the circula-
tion.1® In ROD osteocalcin levels are uniformly
increased as a result of both increased bone turnover
and decreased renal filtration and degradation.
However, numerous reports indicate that increased
osteocalcin is highly correlated (r==0.72) to histomor-
phometric parameters of increased bone formation!?
and reflects increased activity of the osteoblast.18

Since bone biopsies are invasive in nature we
tried to correlate BUs with osteocalcin levels. Our
preliminary results show that in hemodialysis pa-
tients both osteocalcin levels and BUs are increased.
Moreover, there was a high correlation between
these 2 parameters. According to these results it can
be hypothesized that increased osteocalcin might be
involved in the binding of Tc-99m-HMDP to hy-
droxyapatite crystals; thereby increasing bone uptake
in hemodialysis patients. Further studies are needed
to elucidate this.

In conclusion, our preliminary study suggests that
bone uptake quantification is a sensitive and non-
invasive method for showing the increased osteo-
blastic activity in hemodialysis patients. Further
studies are needed in this regard.
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