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ABSTRACT 

Background/Objective: Direct measurement of gland uptake function is done by determining 

radioactive iodine uptake (RAID) values. Scintigraphic parameters in 99'Tc0 thyroid scan have 

been shown to be moderately correlated with FT4 levels. This study aims to correlate these 

scintigrahic parameters with RAIU values and determine the cutoff that willpredict increased 

gland aptakefunction. Methodology: Patients referredfor thyroid scan and RAI uptake at the 

Philippine Heart Center were included in the study. RAW. values were correlated with thyroid 

salivary gland ratio, thyroid to background ratio, thyroid count and acquision time. These values 

were obtained by drawing appropriate regions of interest in the thyroid, salivary gland and the 

background. Results: The four parameters were strongly correlated with RAI uptake values. The 

cut-off for the thyroid salivary gland ratio, thyroid to background ratio, total thyroid count and 

acquisition time that best predicts increased gland uptake were > 9.3, > 9.8, > 108134 counts, 

and < 203 seconds, respectively. Conclusion: The four scrim/graphic parameters can be used in 

determining the activity of the gland ming thyroid imaging alone in the absence of RA1U values. 
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INTRODUCTION 

The evaluation of thyroid function can be divided 

into either in-vivo determination of gland activity 

using radioisotopes (i.e. radioactive iodine uptake 

determination), and measurement of thyroid hormone 

level in the blood. Elevated thyroid hormone does not 

always equate to increased gland uptake function. 

Thyroiditis presents with thyrotoxicosis but with 

normal uptake values. In such circumstance, in-vivo 

determination of gland activity complements thyroid 

hormone measurement in giving accurate diagnosis 

(1). 

In-vivo test for gland activity using Iiodine-131 (I-

131) is a direct way of measuring thyroid gland 

function. It takes advantage of the unique ability 

of the thyroid gland to trap and incorporate iodine 

to thyroid hormone. Thyroid imaging in nuclear 

medicine using technetium pertechnetate 

(99inTc04
-) also uses the same trapping mechanism by 

which iodine accumulates in the thyroid (2). This 

explains why images of the thyroid gland with low 

activity can be differentiated from those with high 

activity by visually inspecting for avidity. 

Previous studies have looked in to objective ways of 

determining thyroid avidity in 99mTc04 thyroid scan. 

The thyroid to salivary/parotid gland (TSG) ratio 

correlates well with gland function (3-4). Cut-offs 

for increased gland activity however, are variable 

depending on the area where the study was done. An 

Egyptian paper reported a TSG ratio of >6 for 

increased uptake function (4). Locally, the cutoff for 

TSG was much higher at >10 (5). The thyroid to 

background ratio or thyroid index, the acquisition 

time and total thyroid count showed good correlation 

with increased thyroid hormone level in a couple of 

studies (5-6). 
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To determine the diagnostic value of quantitative 

scintigrapic parameters in predicting increased 

gland uptake function. 

SPECIFIC OBJECTIVES 

1. To correlate the different thyroid scintigraphic 

parameters (thyroid to salivary ratio, thyroid 

to background ratio, acquisition time and total 

thyroid count) with RAI uptake. 

2. To determine the AUG of these parameters in 

predicting hyperactive gland function. 

3. To determine the cut-off for each parameter that 

will give the best accuracy in predicting 

increased gland uptake function. 

ME I HODOLOGY 

Study Design: 

Cross sectional study. 

Study Population: 

This study included only Filipino adult patients, aged 

18 years and above, referred for RAI uptake and 

thyroid scan at the Philippine Heart Center from 

February 2008 to June 2015. Patients were excluded 

if they were diagnosed with thyroiditis or if the scan 

pattern showed poorly visualized thyroid gland. 

RAIU Determination and Thyroid Scintigraphy: 

To prepare for the stock solution for RAIU 

determination, 1 inCi of I131 is diluted in 10 mL of 

distilled water and an aliquot ofthe solution containing 

150 pCi is then separated. The sample obtained is 

divided equally into two, one to be ingested by the 

patient and the other will serve as the standard. 

Total counts of the patient's neck and thigh within 1 

minute were obtained using Philips Forte gamma 

camera at a distance of 5 cm after 2 and 24 hours of 

ingesting 75 pCi of Iodine-131. A pinhole collimator 

was used in measuring the counts. The standard count 

within a phantom neck was obtained in the similar 

manner. Thyroid uptake was determined as the ratio of 

the neck counts to that of the phantom neck counts 

(both background corrected). Thyroid gland with 

increased gland uptake was defined as 24-hour RAIU 

value of > 45% (9). 

Tc-99m thyroid scintigraphy was done after obtaining 

the 24-hour radioactive iodine uptake. Anterior 

andobliqueimages ofthethyroidwere obtained 15 

minutes after intravenous administration of 7 mCi of 

technetium pertechnetate. The total count and mean 

counts per pixel were obtained by drawing 

appropriate regions of interest (ROI) in the thyroid 

and salivary glands. The background total count and 

mean counts per pixel were determined using a 

rectangular strip five pixels away from the border of 

the right lobe (5). The following parameters were 

then computed as follows: 

 Thyroid to salivary gland ratio (TSG): counts 

per pixel thyroid divided by counts per pixel 

right salivary gland. 

 Thyroid index (TI): counts per pixel thyroid 

minus counts per pixel background. The 

difference is divided by counts per pixel 

background. 

 Total thyroid count (TTC): thyroid count 

obtained in the ROI. 

 Acquisition time: the duration of time needed 

to acquire 200 thousand counts in thyroid 

scintigraphy. 

The scintigraphic parameters in most of these studies 

showed good correlation with increasing thyroid 

hormone level. Literatures exploring the accuracy of 

other scintigraphic parameters such as thyroid to 

background ratio, total thyroid count and acquisition 

time in humans are lacking. Few studies correlated 

scintigraphic parameters with RAM (7-8). 

The purpose of the study is to determine the 

correlation of quantitative scintigraphic parameters in 
99mTc04

- thyroid scintigraphy with RAIU values and 

be able to identify cut-offs that may predict increased 

gland uptake function. 

GENERAL OBJECTIVE 
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Down scatter of 1-131 to the Tc-99m thyroid 

scintigraphy is a possibility but of little concern in 

affecting the quantitative parameters in the Tc-99m 

thyroid scan. The activity of 1-131 used in the RAI 

uptake is very small and is dwarfed by the activity 

of the Tc-99m. 

StaticticalAnalysis: 

The correlation between gland uptake activity and the 

four parameters were determined using Pearson-r 

correlation. The AUG was computed for each 

parameter and the cut-offvalue for each parameter was 

the value that gave the best sensitivity and specificity 

in the ROC. 

RESULTS 

A total of 254 patients who underwent thyroid scan 

and uptake were seen from February 2008 to June 

2015 at the Philippine Heart Center. Out of the 254 

patients, 216 patients were eligible for the study and 

were thus included. About 132 patients (61.1%) were 

biochemically euthyroid and 84 patients (38.9%) 

were biochemically hyperthyroid. The mean age was 

42.5 (SD0.95) and majority were female (71.97%). 

Of the patients included in the study, 58% (126/216) 

had normal estimated gland weight (mean 17.8 

grams, CI 16.8 to 18.8). About 35% (75/216) of the 

patients presented with nodular goiter and 38.3% 

(83/216) with diffuse parenchymal distribution 

pattern on thyroid scintigraphy. 

There was strong correlation between the 24-hour 

RAIU values and the four scintigraphic parameters. 

The highest correlation was seen with total thyroid 

count (Pearson r 0.88, p-value <0.05), as well as 

acquisition time (Pearson r 0.835, p-value <0.05). 

Table 1 summarizes the statistical correlation of 

each scintigraphic parameter. 

Figure 1 summarizes the receiver operating 

characteristic of each of the scintigraphic parameters. 

Computed AUG values for each of the parameters 

were almost similar between groups with values 

almost approaching 1.0. 

Table 1 Correlation between 24-hour RAIU and thyroid scintigraphic parameters 

 Cut-off Sensitivity Specificity PPV NPV Accuracy 

TSG >9.3 85.7% 87.1% 80.9% 87.1% 86.6% 
TI >9.8 91.7% 82.6% 77.0% 82.6% 86.1% 

TTC >108134 counts 82.1% 93.0% 89.7% 87.6% 87.5% 

AT <203 seconds 91.7% 83.3% 77.8% 83.3% 86.6% 
 

 
Scintigraphic Parameter Pearson r (n=216) p-value 

Thyroid to salivary gland ratio (TSG) 0.7119 <0.05 
Thyroid to background ratio or Thyroid index (TI) 0.7740 <0.05 

Total thyroid count (TTC) 0.8807 <0.05 

Acquisition time (AT) -0.8350 <0.05 
 

Among the scintigraphic parameters, the thyroid index 

and acquisition time had the highest sensitivity, while 

the thyroid to salivary gland ratio was the least 

sensitive, relative to the group. The most specific 

parameter was the total thyroid count with high 

positive and negative predictive values. Overall, all 

the four parameters showed good sensitivity and 

specificity in predicting increased gland uptake 

function. Table 2 summarizes these findings. 

Table 2 Accuracy of the cut-off values for each scintigraphic parameters 

52 Phil J Nucl Med 2016 11(2):50-54 



 Sampana AG and Obaldo JM 

Figure 1 ROC of the 4 thyroid scintigraphic parameters. 
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The estimated gland weight did not show any 

correlation with 24-hour RAI uptake values, whether 

the gland was normal in size (Pearson r —0.0032, p-

value 0.98) or enlarged (Pearson r —0.2154, p-value 

0.13). However the estimated gland weight was 

positively correlated to all the scintigraphic 

parameters except for the acquisition time. Upper 

range for the three scintigraphic parameters (total 

thyroid count, thyroid to salivary gland ratio, and 

thyroid index) in a subgroup of patients with normal 

RAIU, but with either normal or high estimated 

gland weight, was also considered in determining the 

cut-off values for each parameter. 

DISCUSSION 

The results of the study showed a strong correlation 

between the 24-hour uptake values and the four 

scintigraphic parameters. Furthermore, using the 

cut-off values derived from the ROC with the highest 

sensitivity and specificity, these parameters were able 

to predict increased gland uptake. 

The cut-off value of 9.3 obtained for thyroid salivary 

gland ratio was much higher than what was used by 

Kandeel et al. in their paper. They used a cut-off 

value of >6.5 for hyperthyroidism (4). This difference 

may be a reflection of conditions that may affect 

uptake values in different places. India and Egypt are 

currently classified as iodine replete areas and as 

such, individuals in these countries may have much 

lower mean normal RAIU values compared to those 

in iodine deficient areas. The iodine status of the 

Philippines has greatly improved since 1998 due to 

the effort of the government. However, iodine 

deficiency is still prevalent in a small percentage of 

the population, specifically in pregnant and lactating 

women. 
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Studies evaluating thyroid to background ratio during 

literature search in international journals involved 

mainly animals. Studies on the application of this 

parameter to evaluate thyroid activity in humans are 

lacking. 

Locally, an article by Atienza et al. in 1998 

correlated six thyroid scintigraphic parameters with 

FT4 levels (5). These parameters included the 

thyroid count, thyroid count density (mean count per 

pixels), background count density, thyroid salivary 

gland ratio, thyroid to background ratio and 

acquisition time. The cut-off value they obtained for 

both the thyroid to background ratio and thyroid to 

salivary gland ratio was >10 with a sensitivity and 

specificity of 82% and 58%, respectively. 

Acquisition time to predict elevated FT4 was >250 

seconds, considerably higher than the cut-off 

obtained in this study. One possible reason for this 

large discrepancy was the use of different gamma 

cameras in obtaining the images. 

The strong correlation between RAI uptake values and 

scintigraphic parameters in 99mTc04
- thyroid 

scintigraphy was due to its shared physiologic 

mechanism of localization in the gland. A hyperactive 

gland would express a higher number of sodiumiodide 

symporter and consequent increased uptake. Increased 

uptake is translated in 99mTc04
- imaging as higher 

target to background ratio, hence the elevated TSG and 

TBG as well as the rapid acquisition time. 

The clinical significance of these scintigraphic 

parameters is that it may aid the nuclear medicine 

physician in determining gland activity in a more 

objective way. Using such parameters, it may 

increase inter-observer agreement further (10). 

Limitations of this study include the use of only one 

specific imaging machine. The cut-off values obtained 

in this study may only be true in the institution where 

this machine is available. Different machines may vary 

on in the acquisition time and software processing of 

images. Secondly, normative data for normal RAIU 

values correlated with iodine status of the population 

are lacking in local literatures. Cut-offs for the 

scintigraphic parameters are 

dependent on the prevalent normal values for RAIU. 

Lastly, the accuracy of RAIU values obtained is 

operator-dependent. Strict supervision is required to 

prevent errors. The protocols in different hospitals may 

affect accuracy and precision of these parameters and 

thus the generalizability of the results obtained in this 

study may be questioned. 

It is recommended that cut-off values for institutions 

with a nuclear imaging facility be done to determine 

variability and identify possible confounders and 

sources of error. 

CONCLUSION 

In conclusion, the study showed strong correlation 

between the 24-hour uptake values and the four 

scintigraphic parameters. Thyroid to salivary gland 

ratio, thyroid to background ratio, total thyroid count 

and acquisition time can accurately predict increased 

gland uptake function. However, different institutions 

may have different cut-offs due to variability in 

machine, technique and skill of the personnel. 
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