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Abstract: In nuclear medicine practices, unsealed radio-pharmaceuticals are administered to the patients for diagnosis
(imaging) and/or treatment of various types of cancer, neurological disorders, cardiac disease, etc. Therefore, to ensure the
safety and efficacy of the diagnosis and therapy procedures, it is absolutely essential that the activity of administered
radiopharmaceuticals measured using radionuclide calibrators are accurate and reproducible. Bhabha Atomic Research
Centre (BARC)—India’s Designated Institute (DI) for ionizing radiation metrology—has been conducting national quality
audit programmes among nuclear medicine centers for providing traceability of measurements as well as check the
accuracy and consistency of radionuclide calibrators since 1981. In this paper, we present results of the audit carried out
during 2020-2021 for traceable '*'I activity measurements with radionuclide calibrators in which 200 nuclear medicine
centers participated. We also present a comparison of results of all the audits conducted during past four decades. The
results of latest audit are very encouraging with 93% of the radionuclide calibrators compliant within the accept-
able window of £ 10%. During the initial years of the audit, only a few nuclear medicine centers participated in the audit
program and also the fraction of compliant radionuclide calibrators was significantly lower. However, once the audit
program was made mandatory by the regulator body, not only did the number of participants increased but also the fraction
of compliant radionuclide calibrators increased drastically. This implies that India’s nuclear medicine centres have ensured
safe and efficient dose delivery to the patient for diagnosis and/or therapy of various diseases.
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1. Introduction programmes organized by Bureau International des Poids

et Mesures (BIPM), Asia Pacific Metrology Programme

Bhabha Atomic Research Centre (BARC) is the Designated
Institute (DI) for ionizing radiation metrology in the
country [1, 2]. In collaboration with International Atomic
Energy Agency (IAEA) and World Health Organization
(WHO), BARC is also recognized as the secondary stan-
dards dosimetry laboratory (SSDL) for India. As a DI for
ionizing radiation metrology, BARC designs, develops,
establishes, maintains various national standards for phys-
ical quantities of ionizing radiation. Equivalence of these
standards as shown in part A of Fig. 1 is established with
other national metrology institutes (NMIs) around the
world by participating in the international intercomparison

*Corresponding author, E-mail: anur@barc.gov.in

(APMP) and TAEA [3-8]. In addition, BARC has the
responsibility to ensure the traceability of end user mea-
surements in the country. End users are a wide spectrum of
users from industry, health care, agriculture, defence,
research & development organizations etc. End user mea-
surement traceability to national standards as shown in part
B of Fig. 1, is established by: (i) disseminating ionizing
radiation standards, (ii) providing calibration services and
(iii) conducting quality audit programmes. Measurement
traceability for the end user is provided through the sec-
ondary standards which in turn are calibrated against the
primary/national standards. The primary standards main-
tained as shown in Fig. 2 for activity measurements are 47w
B(PC)-vy, 41 B(LS)-v, 4 B(PS)-vy coincidence systems. The
secondary standards for activity measurements are re-
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entrant well-type 4m gamma ionization chamber and High
Purity Germanium (HPGe) gamma spectrometer Fig. 3.

In nuclear medicine, the radiopharmaceutical is admin-
istered to the patient either intravenously or orally. Radi-
ation dose delivered with sealed sources in the other
modalities of therapy procedures such as external beam
therapy, brachytherapy is precise and accurate while in
nuclear medicine procedures dose delivered to the patient
is difficult to measure directly. This is mainly due to the
fact that the radiation source as radiopharmaceutical is
situated internally in the patient’s body and variation in the
biological distribution of the radiopharmaceutical between
patient to patient depending upon individual metabolism.
Hence, it is essential to ensure that clinically prescribed
activity is administered as accurately as possible [9].
Clinically, a minimum level of administered activity,
required for diagnostic/therapeutic outcome, is governed
by a delicate balance between its effectiveness and an
overall safety of the medical procedure. If the administered
activity is higher than the prescribed value, the overdose
received by the patient can unnecessarily affect normal
organs [10, 11]. On the other hand, if administered activity
is lower than the prescribed value, poor imaging quality
obtained can lead to poor diagnosis, and in the case of
therapy, the treatment could be inefficient. Thus, accurate
measurement of radioactivity in the nuclear medicine
centres (NMCs) plays a pivotal role in the diagnostic or
therapeutic procedures.

Worldwide the applications of nuclear medicine are
continuously growing and to ensure the optimal uses of
radiopharmaceuticals, International Atomic Energy
Agency (IAEA) has come up with technical report on
quality assurance for radioactivity measurement in nuclear
medicine [11]. In India, the Atomic Energy Regulatory
Board (AERB), through its Safety Code for Nuclear
Medicine Facilities, has made mandatory that NMCs
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Fig. 1 Equivalence and traceability established by BARC
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should measure the activity of radiopharmaceuticals before
administering to patients and ensure a regular calibration of
radionuclide calibrators, also known as “dose calibrators”
[12, 13]. A photograph of radionuclide calibrators at BARC
is shown in Fig. 4, consists of a well-type ionization
chamber (gas-filled detector) and an -electrometer.
Radionuclide calibrators measure the total activity present
in radiopharmaceutical and are calibrated to ensure the
accuracy and consistency of measurements that are trace-
able to the national and international standards [14].

In India, as DI of ionizing radiation BARC has been
ensuring the traceability of radioactivity measurements in
the field nuclear medicine by conducting nationwide
quality audit programme (QAP) biannually. QAPs ensure
the calibration and performance of radionuclide calibrators
so that the activity of the radiopharmaceutical measured
before administering to patients for diagnostic/therapeutic
applications is compliant within & 10% of the prescribed
activity [12, 15, 16]. On the global scenario, QAPs are
carried out in different countries by their respective NMI/
DI, viz. Brazil, Cuba, Republic of South Korea, Switzer-
land, UK, Czech Republic and India etc., to ensure the
traceability of radioactivity measurements using radionu-
clide calibrators [15-27].

Since 1981, BARC has been conducting national audit
programme of '*'T activity measurements. Though, **™Tc,
18F, 131I, etc. are extensively used in the country, However,
owing to short half-lives of 99m T and 18F, a national audit
using them is challenging for a vast country like India,
which causes logistical difficulties in timely distribution of
these radioisotope standards. Thus, '*'I was specifically
chosen for the QAP due to its convenient half-life of
8 days.

In this paper, we discuss the methodology adopted for
national audit, results of recently conducted 317 audit in
2020-2021, and comparisons of all the audit results since
1981. The results of latest audit show that 93% of the
radionuclide calibrators in the country are compliant with
the acceptable window of + 10% and the radionuclide
calibrators are traceable to the national standards. A
detailed analysis of comparison of all the QAPs conducted
since 1981 show that the audit program has contributed in
increasing the number of compliant radionuclide calibra-
tors, and consequently, an effective diagnosis/treatment of
the patients.

2. Methodology of the Audit Programme

The audit protocol involves a test source in injection glass
vial similar to the clinical geometry, calibrated by the NMI/
DI against the national standard and then shipped to the
participating hospitals. The sources are measured in



National Audit for Traceable '*'I Activity Measurements with Radionuclide Calibrators... 51

4nt B (PC)-y (Nal(TD))
coincidence counting system

4 B (PS) -y (Nal(TD)

coincidence counting system

ont view

4mp (LS) -y (Nal(TD))

coincidence countin

system

PVC
Counting

Chamber

Fig. 2 The primary standards maintained in the laboratory for activity measurements
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Fig. 3 The secondary standards maintained in the laboratory for activity measurements

radionuclide calibrator by the participants as per their usual
procedures or protocol given and the results are reported to
the NMI/DI for further evaluation. This format of audit has
an advantage of having a complete control of source
preparation as well as calibration by the NMI/DI which
ensures consistency, accuracy and harmonization of pro-
cedures at all stages.

In India, BARC conducts biannually the national audit
of activity measurements with '*'I for radionuclide cali-
brators in collaboration with various stakeholders, as
depicted in Fig. 5. The modus operandi for conducting the
national audit program has two components: (i) procedures
followed at BARC, and (ii) protocol followed by the par-
ticipating NMCs.
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2020-2021, this consent form was sent to 237 NMCs
across the country.

(i) For 2020-2021 audit, 200 NMCs agreed to partici-
pate, as listed in Table 1. Based on NMC’s consent
for participation, glass vials similar to the clinical
geometry like injection glass vials (IG) containing
radioactive "*'I solution (1 ml) of nominal activity of
100 MBq were procured from BRIT, Mumbai. The
1317 standard IG vial distributed to the participants for
measurements is shown in Fig. 6. Each of these 1G
vial is checked for source integrity, and surface
contamination, and labelled with unique identification
number. Source integrity is ensured by checking the
sealing of the vials. The surface contamination is

Fig. 4 Radionuclide calibrator with source holder for placing the examined by collecting the swipe samples from the
vial, electrometer and readout console in BARC surfaces of the vials and analyze them using the end
window Geiger Muller (GM) counting setup. Unique
BRIT identification number allotted to each IG vial facil-

itates the tracking/retrieval of the source.

(iii)) The radioactivity in each vial is determined by

v carrying out measurements with the secondary
—@RC standard, i.e., high-pressure re-entrant gamma ion-
ization chamber (GIC), maintained in the DI labo-
Standard '3[ ratory of ionizing radiation. The sensitivity
* coefficient of GIC is traceable to the primary
@CS standards 4n f (PC)-y and 41 B (LS)-y coincidence
counting systems, maintained by the laboratory,

Measurements . . .
whose international equivalence [7] has been well
Radionuclide established by participating in international inter-

Calibrator comparison organized by BIPM and APMP.
(iv) A set of six measurements on three different days for
each "'T source were recorded and for every
Results
measurement the source was removed and replaced
] in the GIC. Each activity measurement is an average
of 20 instantaneous current measurements made at
Fig. 5 Flow chart of the national audit conducted for '*'I activity 5 s interval. The standard deviation of these 20
measurements among nuclear medicine centers in the country. The current measurements represents the repeatability
acronyms in the figure are: BRIT-Board of Radiation and Isotope d + 0.03% while th dard deviati £ th
Technology, BARC-Bhabha Atomic Research Centre, NMC-Nuclear and was 5% while the standard deviation of the
Mediciine Centre six measurements acquired on three different days
represents the reproducibility and was £ 0.2%. A
The details of the procedures implemented at BARC for typical detailed uncertainty budget due to various
national audit is as follows: components in the 131y activity by GIC is presented
5 A 01y desiened ¢ f . ¢ 1o all in Table 2. The largest uncertainty component is
@ ipeCIa yd' ?Slgne tconsenth orm li Ser} Otha' from the calibration of the GIC to the primary
fuclear me 101'n<? Cen, fes 1n ,e country, for their standards maintained in the laboratory. The other
consent to participate in the audit programme. . s
. . components like source positioning, source volume,
The consent form which apart from the usual details of . e
he NMC I 6 o5 Fi he detail background current, half-life etc., contribution is
the » Seeks t.wo.specn ¢ queries. First, the detatls trivial to the combined standard uncertainty. The
of AERB authorization to ensure that NMC has the . . .
o combined standard uncertainty (u.) is 1.15% for
permission to procure and second, the customer f fk=1
ber of NMC given by Board of Radiation and coverage factor of £ = . 3
numbe g y (v) The standardized radioactive solution (1 ml) of Bl in

Isotope (BRIT) to ensure hassle free delivery of '*'I
standard to the NMC. In the national audit of
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1G vial was sent to each participant as a blind sample,
i.e., activity not disclosed, for measurements at the
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Table 1 List of participants of the 19th national audit
Sr. no Hospital name City No. of
RC
1 Mahajan Imaging, Fortis Flt. Lt. Rajan Dhall Hospital New Delhi 1
2 Escorts Heart Institute & Research Centre New Delhi 1
3 Max Superspeciality Hospital Saket (A Unit of Devki Devi Foundation) New Delhi 4
4 DR B L Kapur Memorial Hospital New Delhi 2
5 Indraprastha Apollo Hospitals New Delhi 1
6 House of Diagnostic Healthcare Pvt Ltd Delhi 1
7 Dr Anand’s Imaging & Neurological Research Centre Delhi 2
8 American Oncology Institute Hyderabad 1
9 Fortis Memorial Research Institute Gurgaon 3
10 Vardhman Mahavir Medical College & Safdarjung Hospital New Delhi 1
11 Vitrana Healthcare Llp Ghaziabad 2
12 Action Cancer Hospital Delhi 3
13 Guntur Institute of Oncology Pvt Ltd Guntur 1
14 Bharath Hospital& Institute of Oncology Mysore 1
15 Gujarat Pet Ct Centre Ahmedabad 2
16 Cancer Treatment Services Hyderabad Pvt. Ltd Nagpur 1
17 Nueclear Healthcare Limited Hyderabad 1
18 Cancer Research Institute, Swami Rama Himalayan University Dehradun 1
19 K.K. Medicare Private Limited (Spiral CT and MRI Centre) Chandigarh 1
20 Pet CT Scan Unit, N R S Medical College Hospital Kolkata 1
21 Fortis Hospital Ludhiana 1
22 Mangalore Institute of Oncology Mangalore 1
23 BGS Gleneagles Global Hospitals Bangalore 1
24 Dharamshila Narayana Superspeciality Hospital Delhi 1
25 Nueclear Healthcare Limited New Delhi 1
26 Sadhbhav Pet-Ct Centre Ahmedabad 1
27 Sterling Addlife India Pvt Ltd Ahmedabad 1
28 Mithra Scans Private Limited Salem 1
29 Regional Centre Brit, Bangalore Bangalore 2
30 Gamma Nuclear Medicine Research Center Srinagar 1
31 Infocus Diagnostics Ahmedabad 2
32 Sai Nuclear Medicine Services Chennai 3
33 Miot Hospitals Pvt Ltd Chennai 2
34 JIPMER Puducherry 3
35 Vizag Cancer Hospital Visakhapatnam 2
36 Medanta The Medicity Gurugram 2
37 Eko Sgcc And Ri Pet Scan Centre a Unit Of Eko Diagnostic Pvt Ltd (Wb-26310) Kolkata 3
38 Calcutta Medical Imaging Institute Limited Kolkata 1
39 Jawaharlal Nehru Cancer Hospital and Research Centre Bhopal 1
40 Rajiv Gandhi Cancer Institute and Research Centre Delhi 2
41 Asian Institute of Medical Sciences Faridabad 2
42 Meerut Scan Centre Meerut 1
43 Paras Hmri Hospital Patna 2
44 U. N. Mehta Institute of Cardiology and Research Centre Ahmedabad 1
45 Gujrat Cancer & Research Institute Ahmedabad 4
46 Parth Diagnostic Centre Rajkot 2
47 Sri Ramakrishna Hospital, Coimbatore Coimbatore 3
48 Batra Hospital & Medical Research Centre New Delhi 1
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Table 1 continued

Sr. no Hospital name City No. of
RC
49 Patel Hospital Jalandhar 2
50 Government Medical College Kozhikode 2
51 Max Super Speciality Hospital Ghaziabad 2
52 Christian Medical College Vellore 3
53 Molecular Cyclotrons Pvt Ltd Kochi 3
54 Tata Main Hospital Jamshedpur 1
55 Care Hospital, Hyderabad 1
56 Artemis Hospital Gurgaon 2
57 Mahatma Gandhi Medical College & Hospital Jaipur 2
58 SCCH Unit-II, Unit of Memon Healthcare Pvt. Ltd, Raipur 3
59 Bansal Hospital, A Unit of Ayushman Diagnostic Pvt.Ltd Bhopal 3
60 Nueclear Healthcare Limited Bengaluru 1
61 Ganesh Diagnostic and Imaging Centre Pvt Limited New Delhi 2
62 Acharya Tulsi Regional Cancer Treatment & Research Institute Bikaner 1
63 Kshipra Diagnostics Ahmedabad 1
64 Yashoda Hospital & Research Centre Ghaziabad 1
65 Kanva Diagnostic Services Pvt Ltd Bengaluru 2
66 A ] Hospital & Research Centre Mangalore 3
67 Dr B Borooah Cancer Institute Guwahati 2
68 Kovai Medical Center and Hospital Private Ltd Coimbatore 3
69 Rainbow Medinova Diagnostic Services Nagpur 1
70 BMCHRC Jaipur 4
71 Mabhavir Cancer Sansthan Patna 2
72 Utkal Institute of Medical Sciences Bhubaneshwar 3
73 Cancer Institute WIA Chennai 2
74 Kailash Cancer Hospital & Research Centre Vadodara 2
75 Dayanand Medical College & Hospital Unit-Hero DMC Heart Institute Ludhiana 1
76 Doctors Diagnostic Nuclear Medicine and Research Centre Pvt. Ltd Trivandrum 3
77 Aster CMI Hospital Bangalore 2
78 Sri Venkateswara Institute Of Medical Sciences Tirupati 3
79 Apollo Hospitals Chennai 3
80 Mahajan Imaging Pvt Ltd,Sir Ganga Ram Hospital New Delhi 3
81 Regional Cancer Center Thiruvananthapuram 1
82 Tata Medical Center Kolkata 3
83 MNIJ Institution of Oncology Hyderabad 2
84 Lakeshore Hospital and Research Centre Kochi 3
85 CT Scan Research Centre Pvt. Ltd. Fortis Cancer Institute Mohali 2
86 Basavatarakam Indo American Cancer Hospital and Research Institute Hyderabad 2
87 Konacc Diagnostic Centre Vijayawada 3
88 AMRI Hospital Dhakuria Kolkata 3
89 Rabindra Nath Tagore International Institute of Cardiac Science Kolkata 1
90 Choithram Hospital & Research Centre Indore 3
91 Sri Ramachandra Institute of Higher Education and Research Chennai 3
92 Quadra Medical Services Pvt. Ltd Kolkata 2
93 Delhi MRI Centre Jabalpur 1
94 Postgraduate Institute of Medical Education & Research Chandigarh 7
95 Apollo Gleneagles PET-CT Centre Hyderabad 4

@ Springer



National Audit for Traceable '*'I Activity Measurements with Radionuclide Calibrators. .. 55
Table 1 continued
Sr. no Hospital name City No. of
RC
96 Zydus Hospitals and Healthcare Research Pvt Ltd Ahmedabad 3
97 HCG Cancer Centre Visakhapatnam 1
98 Cancer Treatment Services Hyderabad Pvt Ltd IMPHAL 2
99 Health Care Global Chennai 3
100 HCG NCHRI Cancer Centre Nagpur 1
101 Apollo Hospitals Enterprises Limited Chennai 1
102 Vijaya Nuclear Scans & Therapy Chennai 1
103 Healthcare Global Enterprises Ltd Jaipur 1
104 HCG Pet Imaging Centre Vijayawada 1
105 Radimage Healthcare India Pvt Ltd Noida 1
106 HCG Bangalore 6
107 Anderson Diagnostic Services Private Limited Chennai 2
108 J.L.N.Hospital & Research Centre Bhilai 1
109 Amala Institute of Medical Sciences Kerala 2
110 Meenakshi Mission Hospital Madurai 3
111 G Kuppuswamy Naidu Memorial Hospital Coimbatore 2
112 Guru Gobind Singh Medical College & Hospital Faridkot 3
113 S S Wellness Center Jodhpur 1
114 Amrita Institute Of Medical Sciences Kochi 3
115 Vijaya Diagnostic Centre Hyderabad 3
116 Jaypee Hospital Noida 1
117 Vijaya Diagnostic Centre Pvt. Ltd Visakhapatnam 1
118 NewMedd Diagnostics (A Unit of Molemedd Plus Pvt Ltd) Bangalore 2
119 Command Hospital (EC) Kolkata 2
120 Sri Shankara Cancer Hospital & Research Centre Bengaluru 3
121 Indira Gandhi Medical College and Hospital Shimla 1
122 Hyderabad Institute of Oncology Pvt. Ltd Hyderabad 2
123 Doctors Molecular and Imaging Sciences Pvt Ltd Trichy 2
124 Mohan Dai Oswal Cancer Hospital and Research Foundation Ludhiana 2
125 Indian Institute of Nuclear Medicine And Scanning New Delhi 1
126 Regional Cancer centre Agartala 1
127 Asian Institute of Gastroenterology Pvt Ltd Hyderabad 2
128 Saral Advanced Diagnostics Pvt. Ltd Delhi 1
129 Fortis Hospitals Limited Bangalore 2
130 Billroth Hospital Chennai 1
131 Continental Hospitals/Pet-Ct Hyderabad 1
132 Narayana Hrudayalaya Pvt Limited Bangalore 3
133 Gleaneagles Global Hospitals Chennai 1
134 Vijaya Diagnostic Centre Private Limited Kurnool 1
135 St. Gregorios International Cancer Care Centre Pathanamthitta 3
136 Vuestra Medicare Pvt. Ltd Mohali 1
137 Southern Nuclear Scans Vijayawada 1
138 American Oncology Institute (A unit of Cancer Treatment Services Hyderabad Private Limited) Kozhikode 2
139 Amaravathi Cancer Treatment Private Limited Vijayawada 1
140 Atulaya Healthcare Pvt Ltd Mohali 1
141 HCG Cancer Center Vadodara 1
142 Bhandari Hospital And Research Centre Indore 1
143 City Imaging and Clinical Labs Delhi 1
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Table 1 continued

Sr. no Hospital name City No. of
RC
144 HCG-Panda Cancer Hospital Cuttack 1
145 Add Annex Health Care Private Limited Cuttack 1
146 International Oncology Services Pvt Ltd, Fortis Hospital Noida 1
147 Anderson Diagnostic Services Private Limited Chennai 1
148 Nayati Healthcare & Research Ner Private Limited Delhi 1
149 Sri Jayadeva Inst. Of Cardiovascular Sciences and Research Bangalore 2
150 Gleaneagles Global Hospitals Chennai 3
151 Regional Centre, BRIT, C/o INMAS Delhi 1
152 Nuclear Imaging and Therapy LLP Patna 1
153 Nio Clinic Cuttack 1
154 Army Hospital (R&R) New Delhi 3
155 Command Hospital Southern Command Pune 3
156 KK Nuclear Scans Hyderabad 2
157 Sampige Oncodiagnostics a Unit of Saklecha And Sarode Healthcare LLP Bangalore 2
158 Model Medi Diagnostics Ernakulam 2
159 United Cigma Hospital Aurangabad 1
160 Nucleomed Imaging & Diagnostics Guwahati 2
161 Chaithanya Diagnostics and Imaging Center Kottayam 2
162 Chirayu Medical College & Hospital Bhopal 2
163 Command Hospital, Air Force Bangalore 1
164 Medall Clumax Diagnostics Bangalore 1
165 Malabar Institute of Medical Sciences Ltd Kozhikode 3
166 National Institute of Mental Health and Neuro Sciences Bengaluru 6
167 Cancer Treatment Services Hyderabad Pvt. Ltd Ludhiana 1
168 Jaipur Nuclear Imaging Center Jaipur 2
169 Command Hospital (Cc) Dept Of PETCT Lucknow 2
170 Regency Hospital Limited Kanpur 1
171 Spandan Diagnostic centre Pvt.Limited Guwahati 1
172 INLAKS AND BUDHRANI HOSPITAL PUNE 2
173 Riddhi Vinayak Critical Care and Cardiac Centre Mumbai 1
174 P.D. Hinduja National Hospital & MRC Mumbai 3
175 Sir H.N. Reliance Foundation Hospital Mumbai 2
176 Seth G S Medical College and Kem Hospital Mumbai 4
177 Dr Balabhai Nanavati Hospital Mumbai 2
178 Nuclear Medicine Centre, INHS Asvini Mumbai 2
179 Aditya Birla Memorial Hospital Pune 2
180 Lilavati Hospital and Research Centre Mumbai 2
181 Arjan Imaging LLP Mumbai 2
182 Tata Memorial Hospital Mumbai 3
183 ACTREC (Tata Hospital) Navi Mumbai 1
184 Grant Medical Foundation, Ruby Hall Clinic Pune 3
185 Deenanath Mangeshkar Hospital Pune 2
186 Shri. Siddhivinayak Ganapati Cancer Hospital Miraj 1
187 Breach Candy Hospital Trust Mumbai 4
188 Mahatma Phule Charitable Trust Hospital Navi Mumbai 1
189 Department of Veterinary Nuclear Medicine including Radio Isotope Laboratory, Mumbai Mumbai 1
Veterinary College
190 Kokilaben Dhirubhai Amabani Hospital and Medical Research Center, A unit of Mandke Foundation Mumbai 3
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Table 1 continued

Sr. no Hospital name City No. of
RC
191 Zircon BIC Imaging Centre Surat 2
192 Radiation Medicine Centre Mumbai 7
193 Baroda Imaging Centre Vadodara 2
194 Saifee Hospital Mumbai 2
195 Nueclear Healthcare Limited, (PET CT Center) Navi Mumbai 4
196 Ruby Hall Clinic Wanowarie Pune 2
197 Bombay Hospital & MRC Mumbai 1
198 Akshay PET CT Sangli 2
199 Dr.Jankharias Imaging Centre Mumbai 1
200 Medcare Institute of Diagnostics (Medcare Management Servicres Pvt. Ltd) Mumbai 2

-
G$“ ees
Batch
Ac :
Date :

EN

Fig. 6 Sealed injection glass vial with'®'I radioactive solution
calibrated at BARC and then despatched to NMC

NMC. Before dispatching, the source integrity and
surface contamination were thoroughly checked once
again.

(vi) Detailed protocol for performing the measurements
at the NMCs and an excel spreadsheet was sent for
maintaining uniformity in measurements as well as
reporting of the measurement results.

(vii) The results received from NMCs were all checked
for calculation of mean, standard deviation, decay
correction and % deviation from reference value
(BARC value) was determined.

The activity measurement protocol followed by NMCs in
the national audit program:

(i) Source received is checked for integrity.

(ii) Background reading of the radionuclide calibrator is
noted before and after measurement of the source.

(iii)  Activity of the source received at NMCs is measured
using radionuclide calibrator with the manufacturer
specified calibration number. Measurements are
carried out on two different days to demonstrate
their reproducibility. Each day measurements are
carried out ten times at 2-min interval which
indicates the repeatability of measurements. Each
time the source is removed and replaced in the well
of radionuclide calibrator.

(iv) The source number, manufacturer and model of
radionuclide calibrator, background observations,
date and time of measurement, mean activity
corrected to reference date and time, standard
deviation and long-lived reference source used are
reported to BARC within the time frame given to
them. However, daily quality check procedures and
constancy checks with long-lived reference source
are not part of the measurement protocol.

3. Results and Discussion

The 19th national audit of '*'I activity measurements was
organized during Nov 2020-April 2021. As shown in
Table 1, out of 237 invited NMCs, 200 NMCs accepted to
participate in this audit. Thus, a participating fraction of
84.4% 1is considered to be very good, especially when the
participating NMCs are spread across the country. The
entire audit was scheduled into five batches. Most inter-
estingly, a total of 394 results were reported from 200
NMCs which implies that many NMCs have more than one
radionuclide calibrators which reflects the increasing
demand for nuclear medicine procedures in India. In the
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Table 2 Uncertainty budget for '*'I activity by 47 y ionization chamber for coverage factor k = 1

Source of uncertainty % Relative standard uncertaintyu(y)i Type

Repeatability in source current measurements 0.03 A

Reproducibility in source current measurements 0.2 A

Calibration factor 1 B

Source positioning in the well of ion chamber 0.05 B

Source volume 0.16 B

Current from radium reference source 0.5 B

Background current 0.03 B

Half-life of "*'I 0.006 B

Combined standard uncertainty (u.) 1.15 All components added in quadrature

present audit from the data, it is observed that 122 NMCs
have more than one radionuclide calibrators.

In the present audit results, the performance statistics of
radionuclide calibrators were analyzed using two methods:
calculation by percentage difference and by z-scores [28].
The obtained results are presented in Tables 3 and 4,
respectively. The results of calculation by percentage dif-
ference show that fraction of radionuclide calibrators
having deviation from BARC activity within 0 to £ 5%
and &£ 5 to & 10% are 73% and 20%, respectively. The %
deviation of each radionuclide calibrator of the NMCs is
shown in Fig. 7. In Fig. 7 for the convenience of plotting
for those radionuclide calibrators whose deviation was
> =+ 15% were scaled down to = 15%. The results by the
z-score test indicate that 82% of the results are accept-
able with z < 2, 11% are acceptable with a warning with
2 < z < 3, while 7% are non-acceptable with z > 3. From
both analyses, it is clear that 93% of the results received
from the NMCs have demonstrated compliance within the
acceptable limits of + 10%.

In order to comprehend how the national audits starting
from Ist in 1981 to recent 19th in 2021 fared in the
country, all the statistics of participating NMCs and their
performances are presented in Figs. 8 and 9, respectively.
In Fig. 8, we show the bar chart indicating the number of
NMCs invited for the national audit, number of NMCs
participated, NMCs with one radionuclide calibrator, and
NMCs with more than one radionuclide calibrator. As
shown in the inset of Fig. 8, only ~ 22% NMCs partici-
pated in the first national audit (i.e., in 1981), which with
certain ups and down ascended to ~ 84% in 2021. Also,
most of the NMCs in the country had only one radionuclide
calibrator until 2001. However, rapid increase in number of
NMCs having more than one radionuclide calibrators is
seen only after 2010, which escalated to a whopping 61%
(of the total NMCs participated in the national audit) in
2021. The reasons attributed to this could be manifold, e.g.,
during 1980’s the field of nuclear medicine was not very
mature, country had a limited resource and only a few
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NMCs were setup in the country, national audit was vol-
untary in nature and also probably the awareness about the
audit program was less, etc. However, during the first
decade of the twenty-first century, AERB implemented
web-based e-Licensing of Radiation Applications
(eLORA) for obtaining the permission to procure and
handle radioactive material by NMCs. In addition, the
national audit of radio-pharmaceuticals also became
mandatory. This has encouraged NMCs to participate in the
audit program, which is evident from an increasing trend
after the year 2010. This is also supported by the data of
Table 2 and data of inset of Fig. 8, which clearly show that
the percentage of NMCs having more than 1 radionuclide
calibrator is continuously on rise.

Figure 9 presents the performance analyses of the
radionuclide calibrators for all the 19 national audits based
on percentage difference and by Z-scores. The bar
chart shows total number of radionuclide calibrators veri-
fied in the audit program, number of radionuclide calibra-
tors having deviation < + 10% (i.e., compliance of
acceptable limits) and those non-compliant , i.e., devia-
tion > =+ 10%. A largest number of radionuclide calibra-
tors (i.e., > 450) were verified during 2018 national audit.
However, in 2021, despite of being conducted during
COVID pandemic period, 394 radionuclide calibrators
were verified. It is evident from the inset of Fig. 9 that in
the first national audit, only 58% of radionuclide calibrators
demonstrated compliance of acceptable limits and
remaining 42% were non-complaint. After each audit
program, the non-compliant NMCs were recommended to
go for a recalibration of the radionuclide calibrators and to
participate in next new audit program. This helped in
steady increase of compliant radionuclide calibrators,
which soared to 93% in 2021. As a result, non-compliant
radionuclide calibrators also reduced considerably, and
remained only 7% in 2021. This can be attributed to the
success of national audit program carried by BARC. This is
seen as a very good result from the perspective of the
country as not only the application of ionizing radiation in
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Table 3 Results of the 19th national audit by percentage difference
analysis

Deviation from BARC activity Fraction of RCs (%)

0to+5% 73
+5t0 £ 10% 20
> £+ 10% 7

Table 4 Results of the 19th national audit by Z-score analysis and its
interpretation

Z score % of Radionuclide Interpretation of Z score
calibrators
lzZl< 2 82 Acceptable (within all limits)
2 <lzZ<3 11 Acceptable (within the
warning limits)
IzZI> 3 7 Not acceptable (out of control)

20

medicine is increasing but also the focus on quality control
is increasing. This implies that the national audit program
has contributed in a definitive manner for accurate and
efficient dose delivery to the patient for nuclear medicine
diagnostic and therapeutic applications in the country.
Now we briefly summarize the results on similar audits
conducted by other countries. Globally, NMIs of many
countries have regularly been conducting such an audit
program to improve the performance of radionuclide cali-
brators. For example, in Czech Republic, only 80% of the
NMCs were compliant within & 10% in the audit con-
ducted in 1991, which by 2002 increased to 100% partic-
ipants [14]. Similarly, 95% of the participating hospitals in
the UK’s audit exercise with *™Tc were within the
acceptable limits of + 5% from the reference value [14].
In Cuba, a considerable increase in the acceptable results
within £ 10% was observed in the audits conducted in
2000 and 2002 and the same is maintained in further audit
exercises [14]. In the first audit by Brazil, only 62.5%
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Fig. 7 Percentage deviation from BARC value for each of the radionuclide calibrator of the NMCs participated in the 19th national audit
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complied but in the 1999s audit 72.7% conformed the
regulatory limits of & 10% [29]. Later, with increased
participation of NMCs, the Brazilian NMI expanded its
audit program by conceiving regional laboratories to cater
to the geographical vastness of the country [30]. Similar to
Brazil, India is also a vast country, and therefore, BARC
conducts audit program using '*'T only, owing to its rea-
sonable half-life of 8 days that favors the logistics of
conducting the national audit. In order to cater to the
NMCs requirements of audit for short-lived isotopes such
as *™Tc and '®F and other diagnostic/therapeutic
radioisotopes, it would be appropriate to create several
zonal laboratories in the country, which are traceable to
BARC. Audits of radionuclide calibrators with short-lived
isotopes such as **™Tc and '®F and other therapeutic
radioisotopes used at NMC would ensure the correctness of
the calibration number of the radionuclide calibrator for
each isotope and subsequently ensures safe and effective
use of the various radiopharmaceuticals for diagnostic/
therapeutic outcomes.

4. Conclusions

In this paper, we have presented one of the rigorous efforts
of BARC, as DI, toward the measurement traceability,
dissemination of ionizing radiation standards to various
NMCs for safe and effective use of radiopharmaceuticals in
the country. Best diagnostic (imaging) and therapeutic
outcomes of nuclear medicine procedures depend upon
how accurately the activity of unsealed radiopharmaceuti-
cals are administered to the patient. This requires regular
calibrations of radionuclide calibrators, which is achieved
by carrying out biannual national quality audit program of
13U activity measurements over four decades since 1981.
So far, 19 national audit programs have been conducted. In

@ Springer

the first national audit only ~ 22% NMCs participated,
which rocketed to ~ 84% in 19th audit program (i.e., in
2021). The percentage of radionuclide calibrators demon-
strating regulatory compliance, escalated from 58% in the
first audit to that of 93% in 19th audit. Quality audit pro-
grammes ensure continuous improvement which is an
important aspect of the quality assurance program and is
being achieved as demonstrated by the results of '*'T audit.
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