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ABSTRACT

Background: Technetium-99m radioisotope is the backbone of any nuclear medicine institute. It is well known that various 99mTc-
labeled radiopharmaceuticals may get absorbed into the plastic syringes. The consequences of this adsorption are inadequate 
or inconsistent absorbed dose which produces the inappropriate diagnostic response in patients. The aim of our study was to 
investigate the true activity administrated to patients and also compare the results of residual activities of the same dose by using 
different volumes of syringes. 

Methods: A total 946 measurements were analyzed in which patients were injected with either 3 or 5 ml syringes and 99mTc was 
labeled with different pharmaceuticals, i.e., mercaptoacetyltriglycine-3, methoxy-iso-butyl isonitrile, methylenediphosphonic acid 
(MDP), and technetium pertechnitate. Residual activity was measured for every patient. 

Results: The 3 ml syringes have less average retention rate for any radiopharmaceutical as compared to 5 ml syringes. Residual 
activity for MDP is lower when compared to other radiopharmaceutical for both volumes of syringes. Maximum residual activity 
for 5 ml syringes happens to be 3.42% of dispensed activity, while for 3 ml syringes it is 2.74% of dispensed activity. The mean 
effective activities were within the recommended range of EANM and PNRA guidelines. 

Conclusion: For all radiopharmaceuticals and both syringes, average residual activity remained well under 1.5% of the activity 
drawn into syringes, which is insignificant when compared to previous reported results and may not alter the resultant image 
quality to a larger extent. In hospital, practices should be encouraged to reduce the residual activity as low as possible. 
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Introduction
The issue of retention of radiopharmaceuticals in syringes 
has recently seen a wide attention with varying results [1]. 
Although 99mTc-labeled radiopharmaceuticals are not as 
susceptible to adhesion as others, research on this topic 
is still being carried out [2]. The various reasons were 
reported for the retention of radioactivity in syringes, 
namely dead space on plunger, poor dispensing and inject-
ing techniques used by technologist, injected volume, 
type of material of syringe being used, and time for which 
activity was kept in the syringe before injecting into the 
patient [3]. 
Residual activity may result in inconsistency and inaccu-
racy in the dose delivered, in case of iodine therapy, or 

suboptimal imaging quality, in case of 99mTc imaging [4]. 
Nuclear Medicine Oncology and Radiotherapy Institute 
Nawabshah (NORIN) is a comprehensive healthcare 
facility for diagnosis, treatment, and research of malignant 
disorders [5]. This center started their nuclear medicine 
facilities since 2012 with 02 SPECT Gamma camera with 
particular Hot Lab in the supervision of qualified medical 
physicists and nuclear physicians [6]. The main objective 
of this study is to identify the true activity administrated to 
the patient; investigate few factors affecting the amount of 
residual activity, i.e., volume of syringe and type of radi-
opharmaceutical; and to check whether our results are in 
compliance with the national and international guidelines.
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Material and Methods
The current study contained the assessment of a number 
of commonly used radiopharmaceuticals in the nuclear 
medicine department of NORIN. These included 99mTc-la-
beled radiopharmaceuticals, such as 99mTc-pertechnetate, 
99mTc-methylenediphosphonic acid (MDP), 99mTc-mercap-
toacetyltriglycine (MAG-3), and 99mTc [methoxy-iso-bu-
tyl isonitrile (MIBI)]. This study also included pediatric 
Scan’s data with 1 ml syringes.
NORIN Nawabshah uses 99mTc generators and all radiophar-
maceuticals are purchased from a local vender. All data were 
collected prospectively within 1-year period under routine 
nuclear medicine practice. For adsorption measurements, 
two different sized syringes (3 and 5 ml) of commonly and 
easily available brand in Pakistan, Becton Dickinson, were 
used. Activity measurements were carried out by using dose 
calibrator CRC-25R of CAPINTEC Inc., USA [6].
Activity in the syringes was measured immediately after 
the manual withdrawal of the appropriate activity from 
the radiopharmaceuticals vial (injected activity) and 
immediately (within 2 minutes) injected into the patient, 
after which residual activity was measured. The measured 
parameters are (a) injected activity, (b) residual activity 
(%), (c) effective activity, (d) syringe volume, and (e) 
type of procedure. Percentage of residual activity and 
effective activity were calculated by using the following  
formulas [7]:
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All the dispensing of radioactivity and their respective 
measurements were carried out by technologists under the 
supervision of nuclear physician and medical physicists 
in compliance with the radiation protection protocols fol-
lowed [8]. 

Results
Overall, 946 measurements were taken during a 1-year 
period. There was no even distribution established among 

most data series of injected volumes and percentages of 
residual activity categorized by radiopharmaceutical. The 
results of individual pharmaceuticals are discussed below. 

99mTc-mercaptoacetyltriglycine (MAG-3)

A total of 45 patients were injected (5,000 μCi) with 5 ml 
syringes. Average residual activity for these syringes was 
67 μCi (1.35% of dispensed activity), with a maximum of 
137 μCi (2.74% of dispensed activity) and minimum of 28 
μCi (0.56% of dispensed activity).
For 3 ml syringes, 85 patients were injected with 5,000 
μCi activity. Average residual activity for all patients was 
63 μCi (1.27% of dispensed activity), with 25 μCi (0.5%) 
and 171 μCi (3.42%) as minimum and maximum residual 
activities, respectively. Figure 1A shows the percentages of 
residual activities of patients in comparison with a baseline 
value of average of all these percentages for both 5 and 3 ml 
syringes. Figure 1B is the value the effective activities for 
both syringes which were injected into patient.

99mTc-methylenediphosphonic acid (MDP)

A total of 207 patients were injected 20,000 μCi dispensed 
activity with 5 ml syringes, while 147 patients were 
injected with 3 ml syringes. For 5 ml syringes, 150 μCi 
(0.75% of dispensed activity) is average residual activity, 
with a standard deviation of 41 μCi for syringes dispensed 
with MDP with minimum value of 62 μCi (0.31%) and 
maximum of 341 μCi (1.73%). For 3 ml syringes, average 
residual activity is 118 μCi (0.59% of dispensed activity), 
with standard deviation of 33 μCi, and 227 (1.14%) and 51 
(0.26%) as maximum and minimum values, respectively. 
Figure 2A shows the values of residual activities as per-
centage of dispensed activity for both 5 and 3 ml syringes, 
while Figure 2B gives the effective activity injected into 
the patient.

Methoxy-iso-butyl isonitrile (MIBI)

Thirty-three patients were injected with 5 ml MIBI,  
among which 16 were prescribed with 10,000 μCi, 2 
patients with 11,000 μCi, 12 patients with 12,000 μCi, 
and 3 patients with 20,000 μCi. Average percentage resid-
ual activity for all these patients is 0.75% of respective 

Figure 1. Distribution of percentage residual activity and effective activity of MAG-3 
in 3 and 5 ml syringes.
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dispensed activities with 0.69% and 1.5% as minimum 
and maximum values, respectively.
For 3 ml syringes, a total of 42 patients were injected with 
MIBI; 2 of who were injected with 13,000 µCi, 36 with 
12,000 µCi, and the rest were injected with 10,000 µCi. 
Average residual activity for all patients was 0.76%, with 
1.38% and 0.51% as maximum and minimum, respec-
tively. Figure 3A represents percentage residual activities 
for both 3 and 5 ml syringes with their respective aver-
ages, while Figure 3B represents effective activity for 
both syringes with average effective activity. 

Technetium-99m

A total of 400 patients were injected with 5,000 µCi 99mTc, 
among them 159 were injected with 5 ml syringes and 
241 were injected with 3 ml syringes. For 3 ml syringes, 
average residual activity is 62 μCi (1.26% of dispensed 
activity), with 171 μCi (3.42%) and 16 μCi (0.32%) as 
maximum and minimum residual activities, respectively. 
For 3 ml syringes, maximum residual activity is 119 μCi 
(2.38% of dispensed activity) and minimum activity is 21 
μCi (0.42%), with an average of 65 μCi (1.3%). On the 
left of Figure 4 is a graphical representation of percentage 
residual activity for 99mTc with both 3 and 5 ml syringes, 
while on the right is a graph of effective activity along 
with dispensed activity for 99mTc.

Pediatric scan (1 ml syringes) 

A total of 21 pediatric patients were injected with dis-
pensed activity of 2,000 µCi of 99mTc. All patients were 

injected with 1 ml syringes. Percentage residual activity 
residing in syringe after injecting was found to be 1.34%, 
with minimum value is 0.63% (19 μCi) and maximum 
value is 1.5% (38 μCi). Mean effective activity for pedi-
atric patients was 1973.2 µCi Data of percentage residual 
and effective activities with every patient are shown in 
Figure 5.

Discussion
There are many factors which affect the amount of activity 
being absorbed in syringes such as material and volume 
of syringes, time for which activity was remained in the 
syringe, and type of radiopharmaceutical being used [9]. 
It is evident from the data of patients for all radiopharma-
ceuticals that a small volume of syringe being used results 
in a small amount of residual activity for equal activities. 
For every set of data, an average value of residual activity 
is always higher for larger volume syringes. Studies show 
1% [4] to 50% [10] variation in the residual activities due 
to utility of disposable material and delay factor between 
dispensing and injecting the activities to the patients [11].
For the analysis of type of radiopharmaceutical, we can 
split the above data into two groups. One group contains 
patients who were injected with 99mTc and MDP. The other 
group contains the data of patients who were injected with 
MAG-3 and MIBI. The number of patients for both 99mTc 
and MDP are quite high (more than 150 for both syringes); 
so, a fair conclusion can be drawn from the data. For any 
type of syringe (either 3 or 5 ml), average residual activity 
for 99mTc is high as compared to average residual activity 

Figure 2. The percent residual activity and effective activity for MDP in 3 and 5 ml 
syringes.

Figure 3. The residual activity (%) and effective activity for MIBI in 3 and 5 ml 
syringes.
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for MDP. Minimum and maximum activities for both 5 
and 3 ml syringes are also higher for 99mTc. For group of 
patients injected with MAG-3 and MIBI, data sets with 
less than 50 patients for both syringes in both cases are 
not high to make any clear conclusion. Roughly, average 
residual activity is higher for MAG-3 when compared to 
MIBI for both types of syringes, but this result can change 
if a data set can be furnished. The percentage of residual 
activities for various volumes injected to the patients, and 
their relationship with national as well as international 

standards [12] are given in Table 1. The results consist-
ing of mean effective activities were found well within the 
range recommended by EANM and PNRA. The results 
were in accordance with the departmental protocols. 
For all radiopharmaceuticals and both syringes, average 
residual activity remained well under 1.5% of activity 
drawn into syringes. In some cases, individual residual 
activities exceeded 3.5%, but most of time activities in 
syringe after injection remained under 1.5%. Previously, 
residual activities as high as 13% of the dispensed activity 

Table 1. Percentage of residual activities for different injected volumes and their correlation with national and international standards.

Parameters

99mTc-pertechnate 
(Thyroid Scintigraphy)

MDP (Bone 
Scintigraphy)

MAG-3 (Renal 
Scintigraphy)

MIBI Pediatrics

(3 ml) (5 ml) (3 ml) (5 ml) (3 ml) (5 ml) (3 ml) (5 ml) (1 ml)

No. of patients (N) 241 159 147 207 74 45 42 31 21

Mean dispensed activ-
ity (µCi)

5,000 5,000 20,000 20,000 5,000 5,000
(10,000-
13,000)

(10,000-
13,000)

2,000

Mean residual activity 
(µCi)

16-171 21-119 51-227 62-345 25-171 28-137 61-180 65-170 19-38

Mean effective activity 
(µCi)

4,937 4,934 19,881 19,878 4,936 4,932 11,766 10,832 1,973.2

Residual activity (%)
minimum/
maximum

1.26% 
0.32/2.38

2.38% 
0.42/3.22

0.59% 
0.26/1.14

0.61% 
0.31/1.66

1.27% 
0.50/2.74

1.35% 
0.56/3.42

0.77% 
0.51/1.38

0.94% 
0.69/1.50

1.34% 
0.63/1.50

Recommended maxi-
mum dispensed activity 

by PNRA

200 MBq
5,400 µCi

800 MBq
21,620 µCi

350 MBq
6,000 µCi

- -

Recommended 
dispensed activity by 

ENMN (7)

75-370 MBq (SNMMI)
2,020-10,000 µCi

300-740 MBq
8,100-20,000 µCi

-
500-700 MBq

13,500-18,500 µCi -

Figure 5. Depiction of residual and effective activity for pediatric scans for 3 and 
5 ml syringes.

Figure 4. Correlation of dispensed activity with residual and effective activity of 
two different volume syringes for 99mTc.
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were also reported [7]. Another study reported that 6% of 
activity remained in the syringes, which is a significant 
amount of residual activity [13]. The results of current 
study have fewer variations when compared to previous 
reported studies due to careful observance of protocols 
and proper supervision in the administration of radiop-
harmaceutical to patients. These activities, if not compen-
sated, may not alter the resultant image quality to a larger 
extent. It is the hospital’s practice whether they compen-
sate this residual activity or not [14]. 

Conclusion
Residual activity was measured for every patient after injec-
tion and data were collected for 1 year and analyzed. A total 
of 946 patients were assessed, who were injected with either 
3 ml syringes or 5 ml syringes and different 99mTc-labeled 
radiopharmaceuticals were used. Residual activity was 
assessed for both syringe volume and type of radiopharma-
ceutical. The syringes having a volume of 3 ml had less 
residual activity as compared to 5 ml syringes. Similarly, 
residual activity for MDP is lower when compared to other 
radiopharmaceutical for both types of syringes. Maximum 
residual activity for 5 ml syringes happens to be 3.42% of 
dispensed activity, while for 3 ml syringes it is 2.74% of 
dispensed activity. For all radiopharmaceuticals and both 
syringes, average residual activity remained well under 
1.5% of activity drawn into syringes, which is insignificant 
when compared to past studies, and may not alter the result-
ant image quality to a larger extent.
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