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ABSTRACT 

Objective: To estimate 24-hour radioiodine uptake in patients with Graves' disease using 20-minute Tc-99m uptake values for 
calculating radioiodine therapeutic dose. 
Study Design: Prospective observational study. 
Place and Duration of Study: Nuclear Medical Centre, Armed Forces Institute of Pathology, Rawalpindi Pakistan, from Mar 
2022 to Mar 2023. 
Methodology: A total of 131 patients with Graves’ disease who were referred to our center for radioiodine therapy (RAIT) 
were selected prospectively. Patients were explained pre-requisites, procedure, and precautionary measures in detail, and 
informed written consent was obtained. All patients underwent 24-hour radioiodine uptake (RAIU24hrs) and 20-minute Tc-
99m uptake (TcU20min) measurements after oral ingestion of radioiodine (RAI) and intravenous injection of Tc-99m, 
respectively. Logarithmic regression analysis was done to correlate RAIU24hrs and TcU20min values. A p-value of less than 
0.05 was considered significant.  
Results: Of 131 patients, 89(67.9%) were female, while 42(32.1%) were male, with a mean age of 46.93±13.39 years. The mean 
TcU20min was 18.93±12.08% while the mean RAIU24hrs was 62.68±13.93%. Logarithmic regression analysis showed a 
significant correlation (p<0.001) between RAIU24hrs and TcU20min, which is described by following equation: Estimated 
RAIU24hrs = 13.99 x ln (TcU20min) + 25.93; R2 = 0.898. 
Conclusion: RAIU24hrs can be predicted from TcU20min, thus providing an alternative, simple, cost-effective, and convenient 
method for therapeutic radioiodine dose calculation. 
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INTRODUCTION 

Graves' disease (GD) is a common autoimmune 
thyroid disorder causing excessive hormone 
production and is a leading cause of hyperthyroidism, 
affecting about 1% of the global population.1 Its 
incidence varies by age, gender, ethnicity, and 
location, with women in their 30s and 40s most 
affected. Robert James Graves first described the 
condition, which arises from immune system 
breakdown leading to constant stimulation of the 
thyroid by TSH receptor antibodies.2 GD has 
significant health impacts, especially in older adults, 
including cardiovascular and mental health risks.3 
Undiagnosed cases increase patient and healthcare 
costs, making early detection and treatment critical.4 

There are three main treatments: antithyroid 
medications, radioactive iodine therapy (RAIT), and 

surgery. Treatment choice depends on clinical factors 
and patient preferences.5 RAIT is effective, particularly 
when medical therapy fails, and has become first-line 
in the US per NICE guidelines due to its cost-
effectiveness; however, it remains a second-line option 
in the UK and parts of Asia.6 

Selecting suitable patients and calculating the 
appropriate dose are crucial for RAIT's success, 
though optimal dosing remains debated. The 
conventional method uses radioactive iodine uptake 
tests at 3 and 24 hours, but exposes patients to 
radiation and requires lengthy assessments.7 
Technetium Pertechnetate (Tc-99m), used since 1971 
for thyroid imaging, offers advantages such as lower 
radiation, shorter half-life, and quicker uptake 
measurement (20 minutes).8 Because Tc-99m uptake 
parallels that of iodine in GD, it could potentially 
replace RAI uptake for therapeutic dosing. This study 
aims to correlate TcU20min with RAIU24hrs to 
develop a faster, safer, and more convenient dosing 
method for patients. 
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The primary objective of this study is to 
investigate the relationship between the 20-minute 
technetium-99m thyroid uptake (TcU20min) and the 
conventional 24-hour radioiodine uptake (RAIU24hrs) 
in patients diagnosed with Graves' disease. By 
establishing a reliable correlation between these two 
measurements, the study seeks to introduce a novel 
approach for calculating the therapeutic radioiodine 
dose required for treatment. This method is intended 
to be faster, as it significantly reduces the waiting time 
from 24 hours to just 20 minutes, safer by potentially 
minimising radiation exposure and associated risks, 
and more convenient for both patients and healthcare 
providers.  

METHODOLOGY  

This prospective study was conducted at Nuclear 
Medical Centre, Armed Forces Institute of Pathology, 
Rawalpindi Pakistan, from March 2022 to March 2023 
over a period of one year. The study protocols were 
approved by the Institutional Review Board of the 
Armed Forces Institute of Pathology before the start of 
study (IRB no. FC-NMC21-11/READ-IRB/22/1454). 
The WHO sample size calculator was used to calculate 
the sample size with a prevalence of GD 24.8%, a 
margin of error 5%, and a confidence interval 95%, 
sample size came out to be 131 patients.9 All patients 
were selected by a non-probability consecutive 
sampling technique. Informed written consent was 
obtained from all the patients.  
Inclusion Criteria: Patients of either gender or age, 
diagnosed with Graves’ Disease, who were referred to 
our center for RAIT were included in the study.  
Exclusion Criteria: Individuals with a history of 
functional thyroid disorders, patients who have been 
taking Thionamide or iodine-containing drugs like 
Amiodarone, having a history of radioiodine uptake, 
or having undergone iodine contrast studies in the last 
6 months were excluded from the study. Pregnancy 
and lactation are absolute contraindications for RAIT.  

The diagnosis of GD was made by the referring 
physician based on clinical features, thyroid functions, 
autoimmune profile, and thyroid scan (Tc-99m) in 
required cases. All patients were evaluated by 
thorough history and relevant clinical examination. 
Information regarding any contrast procedure in the 
last 6 months, use of iodine-containing drugs like 
amiodarone, or use of antithyroid drugs, and any 
diseases interfering with thyroid uptake was obtained. 
The majority of the patients were on antithyroid 
medications before reporting to our center. All 

patients were advised to discontinue antithyroid 
medications and a high iodine content diet for at least 
7 days before therapy. All females were specifically 
asked for pregnancy status, and in doubtful cases, a 
urine pregnancy test was advised. Informed written 
consent was obtained from all patients, and patients 
were informed of the procedure, its outcome, 
complications, risk of hypothyroidism, delaying 
pregnancy for 4-6 months, and radiation safety 
measures to prevent unnecessary exposure to 
surrounding people.  

All patients underwent RAI uptake studies and 
Tc-99m thyroid scintigraphy to determine Tc-99m 
uptake in accordance with Society of Nuclear 
Medicine procedural guidelines.12 RAI uptake was 
done at 1, 3, and 24 hours after oral administration of 
RAI (0.1 – 0.3 mCi). The RAI percentage uptake was 
calculated as the ratio of background corrected count 
rate of thyroid gland to the background count rate of 
the neck phantom using Captus ® 4000e Thyroid 
Uptake System. The Tc-99m thyroid scintigraphy was 
done 20 min after intravenous administration of Tc-
99m (2 – 10 mCi) using Cor Cam Gamma Camera 
System (DDD-Diagnostic Denmark) with a 128 x 128-
pixel matrix and 1.0 zoom. The Tc-99m percentage 
uptake was calculated as the ratio of background-
corrected count rate over thyroid relative to pre-scan 
injected activity counts.  

All the data, including patient demographic data, 
duration of symptoms, use of antithyroid medications, 
baseline thyroid functions, RAIU, and Tc-99m uptake, 
were recorded on a pre-designed proforma. Data was 
entered and analyzed using Statistical Package for the 
Social Sciences (IBM SPSS) version 21. Mean±SD was 
computed for continuous variables, while categorical 
variables were presented as frequency and 
percentages. Logarithmic regression analysis was 
done to correlate RAIU and Tc-99m uptake values. A 
p-value of less than 0.05 was considered significant. 

RESULTS 

Of 131 patients, 89(67.9%) were female, while 
42(32.1%) were male, with a female-to-male ratio of 
2.11:1. The mean age of the patients was 46.93±13.39 
years, with an age range of 21 to 85 years. The mean 
duration of hyperthyroid symptoms was 37.84±38.57 
months (range: 01–180 months) while mean duration 
of antithyroid medication was 33.80±35.35 months 
(range: 0–120 months). The mean TcU20min was 
18.93±12.08% (range: 0.30–44.60) while mean 
RAIU3hrs was 40.14±20.76% (range: 8.90–102.90). 
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RAIU24hrs was 62.68±13.93% (range: 26.70–85.10) as 
shown in Table.  
 

Table: Baseline characteristics of patients (n=131) 

Characteristics Values 

 Age (years) (Mean±SD) 46.93±13.39 

Gender n(%)  

 Male 
 Female 

42(32.1%) 
89(67.9%) 

 Symptoms Duration (Mean±SD), months 37.84±38.57 

 ATD duration (Mean±SD), months 33.80±35.35 

 TSH (Mean±SD), mIU/l 0.17±0.52 

 Tc-99m Uptake at 20 min (Mean±SD in %) 18.93±12.08 

RAI Uptake (Mean±SD in %) 

 At 3 hours 
 At 24 hours 

40.14±20.76 
62.68±13.93 

ATD= Antithyroid drugs, TSH=Thyroid Stimulating Hormone, Tc-99m= Technetium-
99m, RAI=Radioactive Iodine  
 

 
Figure-1: Scatter graph for TcU20min vs RAIU24hrs along 
with regression equation 
 

A logarithmic regression analysis was done to 
generate a mathematical equation that would describe 
relationship between TcU20min values and 
RAIU24hrs values using RAIU24hrs value as 
dependent variable and natural log of TcU20min as 
independent variable. The relationship between 
TcU20min and RAIU24hrs is shown in Figure-1 and is 
given by formula: 

Estimated RAIU24hrs = 13.99 x ln (TcU20min) + 25.93 

[R2 = 0.898, r (correlation coefficient) = 0.881, p<0.001] 

This equation can be used to estimate the value of 
RAIU24hrs, which can be used to calculate therapeutic 
RAI dose. The Scan showing uptake of Tc-99 m RAI 
images is shown in Figure-2.  

DISCUSSION 

The study demonstrates that 20-minute TcU-99m 
uptake strongly correlates with 24-hour RAIU, serving 
as a reliable predictor for radioiodine dose calculation. 

This approach eliminates the need for delayed 24-hour 
measurements, significantly streamlining the clinical 
workflow for Graves’ disease management. By 
reducing patient visits and logistical overhead, the 
method offers a more convenient, cost-effective, and 
time-efficient alternative to traditional protocols. 
Consequently, these findings support utilizing Tc-99m 
uptake as a simplified yet accurate tool for optimizing 
therapeutic activity. 
 

 
Figure-2: (A) Tc-99m Thyroid Scan, Anterior View (B) Region 
of Interest For Right Lobe, Left Lobe and Background 
 

Radioiodine has remained one of the most useful 
and rewarding radionuclides in nuclear thyroidology 
for the past eight decades. The concept of RAIT 
emerged in the 1940s-1950s, parallel to the 
development of antithyroid drugs. Over time, both 
modalities became effective treatments for GD, 
substituting thyroidectomy.10 RAIT yields better 
therapeutic outcomes than other modalities. The initial 
documented success rate with RAIT in GD is >90% 
within the first year after treatment was reported by 
Yu et al.11 The goal of RAIT is to achieve therapeutic 
outcomes with minimal residual radiation dose to the 
patient. Therapeutic outcomes are predicted by 
multiple factors, including age, gender, thyroid mass, 
pre-treatment serum free hormone levels, and use of 
ATD, etc., have been reported by Salman et al.12 
Optimizing the RAI dose to achieve the required 
therapeutic outcome with minimal radiation exposure 
is the cornerstone of treatment. However, the optimal 
method for dose calculation remains controversial, 
and many regimens are used depending on regional 
guidelines and physician preference, as concluded by 
Xing et al.13 

According to 2025 American Thyroid Association 
guidelines, the therapeutic outcome of RAIT is to 
render the patient hypothyroid, which can be achieved 
either by administering a fixed dose of radioiodine or 
a personalized dose based on the size of gland and 
iodine uptake.14 The fixed dose regimen was also 
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described by Madu et al., as a simple and effective 
method with a dose range from 370-550 MBq, leading 
to therapeutic success in 86% of the patients.15 The 
European Association of Nuclear Medicine (EANM) 
recommends the Marinelli formula for personalized 
dose calculation based on thyroid volume, maximum 
radioiodine uptake, and effective half-life as referred 
by Campenni et al.16  

Determining the maximum RAI uptake to 
calculate therapeutic RAI dose. Although it is 
considered that maximum iodine uptake happens 24 
hours after ingestion. Still, Madu et al., conducted a 
study to estimate 24-hour thyroid uptake values from 
4- and 6-hour measurements.17 The discrepancy 
between anticipated uptake values after 4- and 6-
hours and actual measurements after 24-hours was 
10% and 5.9%, respectively.17 Similarly, Hammes et al., 
demonstrated that there is a strong correlation 
between actual 24-hour uptake values and 4- and 6-
hour estimations (r=0.94). The study also presented 
another method of estimating maximum iodine uptake 
(RAIU24hrs) using TcU20min in patients with GD, like 
our study.18 They generated an algorithm to estimate 
RAIU24hrs based on TcU20min with statistical 
significance of <0.05. Contrary to our study, they took 
TRAb titers as a significant factor affecting RAI 
uptake. They also found a statistical correlation 
between RAIU24hrs and TcU20min with p-value <0.05 
and r=0.09. Alvi et al., conducted a similar study in 
hyperthyroid patients to develop an algorithm to 
estimate RAIU24hrs using TcU20min measurements 
and found a significant correlation (R2 = 0.708, 
r=0.842, p<0.001).19 The study concluded by Roque et 
al., that treating TMNG with a 15 mCi fixed RAI dose 
is effective for long-term reduction of thyroid volume 
and curing hyperthyroidism, resulting in low, 
manageable rates of hypothyroidism.20 

However, Tc-99m uptake depends on 
computation and acquisition protocols used, and each 
camera may have a unique spectrum depending on 
the type of collimator, window width settings, and 
operation of the pulse height analyzer, etc. So, it is 
wise that each center should analyze and find an 
algorithm based on its parameters, used to obtain 
better and more accurate results.   

LIMITATIONS OF STUDY 

The limitations of our study are twofold. First, the 
small sample size, and second, we did not follow up patients 
to determine the therapeutic effectiveness of the dosage 
calculated by the new algorithm. Hence, a large study 

including patient follow-up and evaluating the therapeutic 
outcome is suggested.  

CONCLUSION 

RAIU24hrs can be predicted from TcU20min, thus 
providing an alternative, simple, cost-effective, and 
convenient method for therapeutic radioiodine dose 
calculation. This approach eliminates the need for time-
consuming 24-hour uptake measurements by leveraging the 
strong correlation between early TcU-99m uptake and 
traditional RAIU values. By streamlining the workflow, it 
reduces patient visits and resource utilization while 
maintaining accuracy in determining the appropriate 
therapeutic dose for Graves’ disease management.  
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