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Abstract

Background: Currently the best intervention after injection of 99mTc-HDP is drinking plenty of fluid with no
specific amount or time limit. The previous studies did show some but not significant improvement between image
qualities of patients who drank water compared to those who did not drink. We aim to investigate if increased and
more rapid fluid intake results in better image quality.

Methods: In this study, all patients who had a bone scintigram were questioned about how much fluid they had in
the two hours between injection and imaging, and how much of that was taken in the first hour post injection The
images were acquired two hour +/- 10min post intravenous injection of 99mTc-HDP using GE Infinia Hawkeye 4.
The operator, equipment and radiopharmaceutical were the same for all studies and quality was assessed by
measuring bone to soft tissue ratio using Xeleris 3 program.

Results: 146 adult patients with total of 156 images who had bone scan imaging at Auckland Radiology Group
were assessed. These patients aged between 30 and 78 (median, 51), were mostly men (61%) and 10 (about 6.5%)
had two bone scans.

The overall result, although a small change, was in favor of increasing fluid intake in the first hour which improved
the bone to soft tissue ratio by an average of 2.5%. This was especially noticeable in patients who had two scans
within few months of each other which could be compared, in this group nearly all the variables remain the same
except the amount of fluid intake, this group had an average improvement of 9.65% (range, 2%-19.5%).

Conclusion: Rapid hydration post injection of 99mTc-HDP showed a small contribution on the quality of bone
scan images however this together with increased likelihood of voiding earlier on post injection, which contributes to

L

reducing radiation dose to the bladder wall, makes this method appealing to adopt for routine use.
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Introduction

Bone scintigraphy using 99mTc is among the most commonly
performed Nuclear Medicine procedures. Although it has low
specificity, it is its high sensitivity that makes it highly useful for
screening and diagnosis of many conditions that are not easily
visualized by other radiological modalities [1].

There are several radiopharmaceutical bone agents with various
excipients available to use for bone scan. Generally depending on the
bone agent, rate of blood flow and new bone formation [2],
approximately half the administered dose accumulates in the bone
between 2-6 hours being absorbed to the osseous mineral phase with
minimal attachment to the organic phase. In the published quality
guidelines for nuclear medicine in skeletal scintigraphy using 99mTc
MDD, or similar product, patient is advised to increase fluid intake and
voiding more often [3,4].

In this study we used HDP, this product is rapidly taken up in the
skeleton, and has a kidney clearance rate of approximately 30% in first
hour, 48% by two hours and 60% within 6 hours post injection. The
reason for hydration is to increase the renal excretion of the unbound

bi- and diphosphonate which should ultimately results in superior
bone-to-soft tissue (B: ST) ratios and better quality images as well as
reducing the dose to bladder.

Although here is no clinical study to support this hypothesis.
Further more, Cronhjort et al. also mentioned that the advantage of
fluid intake on bone scan’s image quality is not proven and cannot
disregard having a possible undesirable effect. Hence, it currently
remains unclear that hydration could have any effect on the quality of
the image.

Study of the medical literature [MEDLINE till 2013] found three
clinical studies regarding fluid uptake and image quality in nuclear
medicine bone scan in humans [5-7].

On reviewing their procedure we found that Klemenz [6] hydrated
all his subjects with various hydration levels while Cronhjort [5]
studied a small number of people (10 volunteers) and in the Stace et al.
[7] study there were 200 subjects but with no assessment of post
injection fluid intake in their participants as they looked at influence of
increase fluid intake prior to radiopharmaceutical injection on image
quality although, and there was also inconsistency in their study
groups regarding the subject’s physical activity levels [8,9].
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The study by Amin [10] during the Holy month of Ramadan in
Egypt revealed no significant different in image quality during this
month, when patients were not drinking or eating, and non-fasting
months.

Methodology

The study was designed as an audit therefore The Health and
Disability Ethics Committees in New Zealand has indicated that
submission to HDEC is not required.

146 patients with ordinary day by day movement, for example,
strolling or shopping who were referred for bone scan by their medical
specialist were chosen, they were all asked to drink plenty of fluid after
injection and come back for scan two hours post injection, once they
were back they were asked as how much they managed to drink in the
two hours and how much of that was in the first hour and according to
their response they were categorized as: Group 1 who were properly
hydrated by 1 Litre or more fluid in the first hour post injection and
group 2 who were hydrated less in the first hour and overall during the
two hour period post injection. These groups had similar
characteristics (Age, gender, weight, height, BMI, and thigh
circumference).

The clinical indications for imaging in vast majority (approximately
85%) were metastatic and or localized or generalized bone pains. In
order to keep the external variables to a minimum we excluded the
patients who had elevated serum creatinine, disorder in urine voiding,
known impaired kidney function, on long term iron or aluminum base
antacid medication, very obese, had prosthesis in the region where the
calculation was done, abnormalities in soft tissue specifically in the
upper leg regions such as lymphedema, and pediatric groups, and
patients who had more than one bone scan within a few months of
each other were included where possible.

All imaging studies were performed (120 *+ 10 minutes) post
injection of 99mTc-HDP using GE Infinia Hawkeye 4 gamma camera
which was mounted with a low energy high resolution collimator (scan
speed, 16 cm/min; normal FE mode, uniformity map of 7.5% and peak
energy level of 140; matrix, 256 x 1024), and Xeleris 3 software.

Quality of the images was assessed both visually and mathematically
measuring bone to soft tissue ratio similar to the methodology of
Amin et al. [11]. The visual evaluation of the image quality included
the following semiquantitative criteria: Bone to soft tissue contrast,
assessment of one thoracic rib in Both the anterior and posterior
images, and 31 lumbar vertebrae. The assessment scale was base at:
Optimal visibility, six points; average or suboptimal, three points; and
insufficient, zero points. Scans with 12 to 18 points were assessed as
finest, 6 to 11 points were average or suboptimal, and zero to 5 points
were poor.

Calculation for the bone to soft tissue was performed base at the
counts over an area of the femoral diaphysis by drawing the region-of-
interest (ROI). A ROI had a minimum size of 150 pixels, this was
compared with a same sized ROI of the adductor area. Bone to soft
tissue ratio was calculated from the mean total number of counts of
anterior and posterior views from bone ROI and soft tissue ROI
Statistical methods.

All data were recorded in the form of bone counts and the soft tissue
counts, and the ratio was calculated. In our opinion the most accurate
data were the ones from patients who had two bone scans at which
they drank more fluid in the first hour during one study than for their

other scan. In these scans the variables remained the same except for
degree of hydration.

Results

The more hydrated group (G1) and other group (G2) comprised 78
patients each (47 males and 31 females) with their mean ages 53.6 +
12.5 and 55.6 years + 10.3 respectively. No significant difference was
found statistically between the two groups regarding gender, age,
height, weight, BMI, thigh boundary and clinical indications.

Assessment of the pelvic region revealed that in 14/78
(approximately 18%) of patients in G1 urinary bladder were filled,
even though they emptied their bladder immediately just prior to the
scan compared to 5/78 (approximately) 6%) in G2. Over all G1 had
more frequent voiding almost twice as frequent as in G2.

The overall means of Bone: Soft Tissue ratio of group 1 and group 2
were calculated to 2.75 and 2.72 respectively with only a small
statistical difference (P 0.03), overall improvement of 2.5%, however
the mean of our 10 patients who had two studies a few months apart
indicated greater improvement between G1 and G2, they were found
to be 2.79 and 2.56 respectively corresponding to statistical difference
of (P 0.229), an improvement of 9.65%.

Discussion

This study was performed to evaluate change in image quality after
more rapid hydration post injection of 99mTc-HDP. This study found a
small increase in measured bone to soft tissue ratio and in subjective
image quality after more rapid hydration post IV injection of
radiopharmaceutical 99mTc-HDP in bone scintigraphy.

In a search of the literature we couldn't locate any past clinical
investigations regarding the negative effect of reduce fluid intake on
quality of Tc-99m bone scans images. Cronhjort et al. did two studies
one using animals [8] and one with 10 human volunteers [5]. Stace et
al. [7] examined the hydration impact before tracer infusion on picture
quality and in our opinion their main impediments was the
inconsistency in physical activity levels between the compared groups.
It is recognized that increase hydration will increase the extracellular
fluid volume which result in lower concentration of 99mTc HDP in
blood plasma this has a potential to reduced renal and bone extraction
rates [8]. Skeletal uptake and renal excretion almost start immediately
post injection.

Skeletal uptake accounts for about 50% of administered dose most
of which occurs in first 30 min post injection and renal excretion
accounts for 30% of dose in the first hour post injection. Amin et al.
[10] discover that image quality of the bone scintigraphy is not
influenced by fluid restriction or increase hydration.

Cronhjort et al. showed in mice [8], followed by in humans [5] that
increase or decrease in water intake had no impact in the bone to soft
tissue ratio. Klemenz et al. [6] analyzed the effect of low quantity (0.25
Litre) with high quantity (1-5 Liter) of water consumption after the
injection of Tc-99m MDP on bone scan image quality and found no
significant difference between the two groups [11].

Lastly, Stace et al. [7] study concluded that increase in fluid intake
prior to tracer injection has minimal effect on the quality of bone scan
images, so, as far as we know there is no similar method was used in
any other studies to evaluate the effect of rapid/early increase in fluid
intake versus other means of hydration post 99mTc HDP injection on
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the quality of the image in bone scintigraphy in patients with normal
day to day activity levels.

It is not fully understood how diphosphonate is clear by kidneys in
hydrated adult patients, whoever it appears that approximately 10% of
the injected dose is evident in whole blood and 50% in the skeletal 30
min after injection. consequently, it would be less likely that a mildly
increased in hydration would speed up renal excretion of the tracer to
a reasonable level [8] but rapid increase may do. It is also possible that
increased hydration may to a certain level, increase the volume of
extracellular fluid therefore lead to a higher distribution volume of
99mTc-HDP, like 99mTc-MDP, and result in reduction in plasma levels
and consequently lower bone and renal extraction rates [5,6,9].

In addition, evaluation of pelvic bony detail was limited when the
urinary bladder was filled as seen in some of our patients (18% in
group 1 vs. 6% in group 2) even when they void immediately before the
scan. In the other hand the main concern with low fluid intake is that it
will increase radiation dose to the bladder wall as well as gonads.

We believe for adult patients with normal day to day activity, rapid
hydration post injection of 9mTc-HDP has a small but worthwhile
influence on bone to soft tissue ratios/image quality especially when
images are acquired approximately two hours post injection of 99mTc-
HDP. This has the added benefit of increasing voiding frequency and
volume, and therefore reduces the dose especially to bladder and to
lesser degree to the surrounding organs including gonads.

Hence, the conclusion of our study could be beneficial in instructing
all patients to increase fluid intake, particularly in younger men, and
women of childbearing age.

Conclusion

Quantitative evaluation of data gathered from this study indicates
that more rapid hydration post injection of 99mTc-HDP improves
bone scan image quality both subjectively and by increasing measured
bone to soft tissue ratio, for images taken approximately two hours

post injection. Although a small improvement this together with
increased likelihood of voiding earlier following radiopharmaceutical
injection, which contributes to reducing dose to the bladder wall,
makes increased and earlier fluid intake appealing to use on a routine
basis.
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