
ABSTRACT
Background: The reported accuracy of pertechnetate scintigraphy 
(Meckel scan) for evaluating children with Meckel's diverticulum has 
steadily increased since its introduction into clinical practice in 1970. 
In our study, we retrospectively analyze the accuracy of Tc-99 m 
pertechnetate scintigraphy in NINMAS over 01 year. 

Objective: This study aimed to evaluate the accuracy of pertechnetate 
scintigraphy performed at the National Institute of Nuclear Medicine 
& Allied Sciences (NINMAS) in pediatric patients with suspected 
Meckel's Diverticulum.

Methods: A retrospective study was conducted of 60 pediatric patients 
who presented with symptoms suggestive of MD and underwent 
99mTc-pertechnetate scintigraphy at NINMAS over a 1-year period. 
Sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and overall diagnostic accuracy were 
calculated by comparing scintigraphic results with surgical and 
histopathological findings. 

Result: Six patients were diagnosed with MD on 99mTc-pertechnetate 
scintigraphy, all confirmed histopathologically as true positives. 
Among 54 patients with negative scans, one was a false negative, and 
53 were confirmed as true negatives through clinical, imaging, 
endoscopic, and laparoscopic evaluation. Accordingly, 
99mTc-pertechnetate scintigraphy showed a sensitivity of 85.7% (6/7), 
specificity of 100.0% (53/53), positive predictive value of 100.0% 
(6/6), negative predictive value of 98.1% (53/54), and overall 
diagnostic accuracy of 98.3% (59/60) for MD. Receiver operating 
characteristic analysis revealed an area under the curve of 0.929 
(standard error, 0.079; p < 0.001; 95% confidence interval, 
0.775–1.082), indicating excellent diagnostic performance.

Conclusion: We find that Meckel scanning is a non-invasive 
procedure with low radiation exposure. It is a highly specific and 
accurate method for diagnosing MD in pediatric patients. 

Keywords: 99mTc-pertechnetate scintigraphy, Meckel's diverticulum, 
ectopic gastric mucosa, gastrointestinal bleeding.
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INTRODUCTION

German anatomist Johann Meckel first described 
Meckel's Diverticulum (MD) in 1812 (1). It is the most 
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common congenital anomaly of the gastrointestinal 
tract, caused by incomplete regression of the embryonic 
omphalomesenteric duct (Figure 1). It is also known as 
the vitelline duct, which provides nutrition to the 
embryo in early gestation and connects the midgut to 
the yolk sac. This duct is usually obliterated around  6 
weeks of gestation, but incomplete breakdown leaves 
an outpouching in the bowel wall. The prevalence of 
Meckel's Diverticulum is 2–3% in the population (2). It 
is located at the antimesenteric border of the ileum, 
typically within approximately 100 cm of the ileocecal 
valve (3). Most cases of MD remain asymptomatic 
throughout life and are found incidentally during 
abdominal surgery. However, about 15% of cases 
develop complications such as hemorrhage, 
obstruction, diverticulitis, and perforation. Hemorrhage 
often results from ectopic gastric mucosa within the 
MD, leading to ulceration of the bowel wall and causing 
rectal bleeding and/or anemia. In 50% of cases, this 
occurs within the first two years of life. Diagnosing 
symptomatic MD can be challenging, but 
99mTc-pertechnetate scintigraphy (also known as 
Meckel's scan) can detect ectopic gastric mucosa. 
Approximately 90% of bleeding MD cases contain 
ectopic mucosa, highlighting the utility of 
99mTc-pertechnetate scintigraphy as a non- invasive 
diagnostic tool since its introduction in 1970 (4). In 
cases of MD bleeding, typical scintigraphic findings 
include a focal area of abnormal radiotracer 
accumulation in the right lower abdomen, often with 

concurrent uptake in the normal gastric mucosa and no 
change in appearance on sequential images (5). Small 
patches of ectopic gastric mucosa may be missed. 
However, because ectopic gastric mucosa occurs in 
50–60% of MD cases, 99mTc-pertechnetate scintigraphy 
is an ideal radiological investigation (6,7). Intravenous 
99mTc-pertechnetate has a low radiation dose and is 

absorbed by mucous cells of the gastric mucosa, then 
excreted into the bowel lumen. Abnormal uptake can 
also be seen in other conditions, such as duplication 
cysts containing ectopic gastric mucosa, 
angiodysplasia, intussusception, or inflammatory 
bowel disease. However, uptake in a bleeding MD 
tends to be more focal and intense.
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All subtypes of JIA had low bone mass at lumbar 
vertebrae and both femurs (Table 7), except 
polyarticular RF-positive at the right femur neck. The Z 
score of BMD at both femur necks was significant in 

different types of JIA (P=0.007 for the right and 
P=0.035 for the left femur neck). There was no 
significant relation between BMD at 3 sites and duration 
of illness (Table 8).

DISCUSSION

This cross-sectional case-control study showed majority 
of both the JIA patients and control group were in 
between 9-13 years of age. This was very similar result 
observed in a study done previously in Bangladesh (14). 
There were more males than females. Perhaps male 
predominance could be due to the reasons reflecting 
majority of the patients were of Enthesitis related arthritis 
variety; which is more common in males. Moreover, in a 

report from India, similar results were found (15). While 
classifying subtypes of JIA, the most common type was 
enthesitis-related arthritis (48%), followed by systemic 
JIA (28%). Probably children of Asian origin are more 
susceptible to enthesitis-related arthritis (5). The duration 
of the disease at presentation was less than six months in 
44%. The duration of the presentation to us was earlier 
than the previous study, in which the majority was more 
than one year (14). This may be due to awareness of 

clinicians about JIA and early referral to the pediatric 
rheumatology clinic.

In this study 90.6% of patients had hypovitaminosis D 
(both deficiency and insufficiency), as shown in Table 4. 
This result is similar to the study on Moroccan JIA 
children, in which 75% had hypovitaminosis D 
(deficiency and insufficiency) (16,17). Research carried 
out with polyarticular JIA in Brazil found 25% (OH)D 
deficiency and insufficiency in 27% and 47%, 
respectively (18). Another study conducted on adults 
with rheumatoid arthritis showed that 90% of patients 
had hypovitaminosis D (19).

Mean 25 (OH) D levels in cases and healthy controls 
were also low in this study, 18.66±10.22 and 21.3±4.07, 
respectively (Table 2). These findings perhaps indicate 
that vitamin D deficiency may persist in the general 
population in Bangladesh, our country. Zaman et al. 
found 93.58% of healthy children of the 6-11-year group 
of Bangladesh had hypovitaminosis (20). Another group 
of researchers did not find any difference in 25(OH)D 
level between JIA patients and controls (21). For the high 
frequency of deficiency or insufficiency in both control 
and JIA groups, a potential explanation could be skin 
pigmentation, traditional clothing, air pollution, and 
limited outdoor activity (20). Among JIA cases, vitamin 
D levels were further low, maybe due to poor intake, 
disease activity, and decreased physical activity. The 
relation of vitamin D level with duration of illness was 
not significant (p=0.818, Table 3), similar to another 
research study in 2013, which also found no association 
between them (18).

Serum level of calcium was normal in 93.3% and low in 
6.7% of JIA patients. This result is similar to the studies 
showing levels of serum calcium normal in all patients 
(16, 17). It is expected that serum calcium levels would 
be normalized in JIA patients as a part of a bodily 
compensatory mechanism by secreting increased serum 
parathormone. There was no significant correlation 
between the extent of 25(OH) D level and serum calcium 
level.

Low bone mass of the cases was found in the lumbar, 
neck of the right femur, and neck of the left femur: 
97.3%, 69.3%, and 70.7%, respectively. In the control 

group, these were 60%, 44%, and 44%, respectively. 
BMD at all the sites was significantly lower among JIA 
cases than controls (p=<0.001, 0.023, 0.016). A similar 
result (low BMD in 50% of JIA patients) was found in 
another research study (17). Low bone mass was found in 
40-52% of adult patients with JIA by another group of 
researchers (22). No patient or control had a history of 
fracture in our study. Hilman et al. in their study found 
reduced bone mineralization, bone mineral content and 
bone turnover (23).

In 2007 ISCD redefined the concept of osteoporosis in 
children (24). This definition was used as a working 
definition in our study. But most of the available 
literature regarding the prevalence of osteoporosis and 
low BMD was published prior to this definition. This 
could be a reason for the higher prevalence of low bone 
mass in this study. All types of JIA had low bone mass at 
lumbar vertebrae. We found significant differences in 
right femur neck and left femur neck (P = 0.007 and 
0.035, respectively) in different JIA subtypes. In this 
study, it was found that systemic JIA followed by 
polyarticular JIA had a much higher frequency of low 
bone mass (Table-7). Whereas no significant differences 
were observed in BMD between different JIA subtypes in 
another study (25). No association was found between 
duration of disease and Z-score of BMD in any site. 
Similar results were found in a study conducted in Spain 
and in India (25, 26).

Study limitations include a small sample size from a 
specific area and the absence of analyses on factors like 
nutritional status, sunlight exposure, and physical activity 
related to the disease process.

CONCLUSION

This study found that most patients with Juvenile 
Idiopathic Arthritis (JIA) and healthy controls had low 
vitamin D levels. Bone Mineral Density (BMD) was 
significantly lower in JIA patients compared to controls, 
with systemic JIA showing the highest incidence of low 
bone mass, followed by polyarticular rheumatoid factor 
negative type. No significant link was found between the 
duration of illness and vitamin D levels or BMD. JIA 
patients may experience decreased bone mass and a 
heightened risk of fragility fractures during childhood 
and adolescence.
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About 97.3% of JIA cases had low bone mass in the lumbar region (Table-6). A significant difference was found 
between cases and controls (P=<0.001). Table 6 also shows that at the neck of both femurs, low bone mass was present 
compared to the control group (69.3% of cases had low bone mass in the right femur and 70.7% of cases had low bone 
mass in the left femur), and the result is statistically significant (P = 0.023 (right) and P = 0.016 (for left). 
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ABSTRACT
Background: The reported accuracy of pertechnetate scintigraphy 
(Meckel scan) for evaluating children with Meckel's diverticulum has 
steadily increased since its introduction into clinical practice in 1970. 
In our study, we retrospectively analyze the accuracy of Tc-99 m 
pertechnetate scintigraphy in NINMAS over 01 year. 

Objective: This study aimed to evaluate the accuracy of pertechnetate 
scintigraphy performed at the National Institute of Nuclear Medicine 
& Allied Sciences (NINMAS) in pediatric patients with suspected 
Meckel's Diverticulum.

Methods: A retrospective study was conducted of 60 pediatric patients 
who presented with symptoms suggestive of MD and underwent 
99mTc-pertechnetate scintigraphy at NINMAS over a 1-year period. 
Sensitivity, specificity, positive predictive value (PPV), negative 
predictive value (NPV), and overall diagnostic accuracy were 
calculated by comparing scintigraphic results with surgical and 
histopathological findings. 

Result: Six patients were diagnosed with MD on 99mTc-pertechnetate 
scintigraphy, all confirmed histopathologically as true positives. 
Among 54 patients with negative scans, one was a false negative, and 
53 were confirmed as true negatives through clinical, imaging, 
endoscopic, and laparoscopic evaluation. Accordingly, 
99mTc-pertechnetate scintigraphy showed a sensitivity of 85.7% (6/7), 
specificity of 100.0% (53/53), positive predictive value of 100.0% 
(6/6), negative predictive value of 98.1% (53/54), and overall 
diagnostic accuracy of 98.3% (59/60) for MD. Receiver operating 
characteristic analysis revealed an area under the curve of 0.929 
(standard error, 0.079; p < 0.001; 95% confidence interval, 
0.775–1.082), indicating excellent diagnostic performance.

Conclusion: We find that Meckel scanning is a non-invasive 
procedure with low radiation exposure. It is a highly specific and 
accurate method for diagnosing MD in pediatric patients. 

Keywords: 99mTc-pertechnetate scintigraphy, Meckel's diverticulum, 
ectopic gastric mucosa, gastrointestinal bleeding.
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INTRODUCTION

German anatomist Johann Meckel first described 
Meckel's Diverticulum (MD) in 1812 (1). It is the most 

common congenital anomaly of the gastrointestinal 
tract, caused by incomplete regression of the embryonic 
omphalomesenteric duct (Figure 1). It is also known as 
the vitelline duct, which provides nutrition to the 
embryo in early gestation and connects the midgut to 
the yolk sac. This duct is usually obliterated around  6 
weeks of gestation, but incomplete breakdown leaves 
an outpouching in the bowel wall. The prevalence of 
Meckel's Diverticulum is 2–3% in the population (2). It 
is located at the antimesenteric border of the ileum, 
typically within approximately 100 cm of the ileocecal 
valve (3). Most cases of MD remain asymptomatic 
throughout life and are found incidentally during 
abdominal surgery. However, about 15% of cases 
develop complications such as hemorrhage, 
obstruction, diverticulitis, and perforation. Hemorrhage 
often results from ectopic gastric mucosa within the 
MD, leading to ulceration of the bowel wall and causing 
rectal bleeding and/or anemia. In 50% of cases, this 
occurs within the first two years of life. Diagnosing 
symptomatic MD can be challenging, but 
99mTc-pertechnetate scintigraphy (also known as 
Meckel's scan) can detect ectopic gastric mucosa. 
Approximately 90% of bleeding MD cases contain 
ectopic mucosa, highlighting the utility of 
99mTc-pertechnetate scintigraphy as a non- invasive 
diagnostic tool since its introduction in 1970 (4). In 
cases of MD bleeding, typical scintigraphic findings 
include a focal area of abnormal radiotracer 
accumulation in the right lower abdomen, often with 

concurrent uptake in the normal gastric mucosa and no 
change in appearance on sequential images (5). Small 
patches of ectopic gastric mucosa may be missed. 
However, because ectopic gastric mucosa occurs in 
50–60% of MD cases, 99mTc-pertechnetate scintigraphy 
is an ideal radiological investigation (6,7). Intravenous 
99mTc-pertechnetate has a low radiation dose and is 

absorbed by mucous cells of the gastric mucosa, then 
excreted into the bowel lumen. Abnormal uptake can 
also be seen in other conditions, such as duplication 
cysts containing ectopic gastric mucosa, 
angiodysplasia, intussusception, or inflammatory 
bowel disease. However, uptake in a bleeding MD 
tends to be more focal and intense.

A retrospective study was conducted at NINMAS 
between January 2025 and December 2025 to assess 
the diagnostic accuracy of 99mTc-pertechnetate 
scintigraphy in pediatric patients with suspected MD. 
The study included detailed clinical history, 
scintigraphic findings, endoscopic findings, and 

histopathological confirmation. Various parameters, 
including age, gender, symptoms, and hemoglobin 
level, were recorded to evaluate the accuracy of 
99mTc-pertechnetate, and the results were classified as 
positive or negative.
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vertebrae and both femurs (Table 7), except 
polyarticular RF-positive at the right femur neck. The Z 
score of BMD at both femur necks was significant in 

different types of JIA (P=0.007 for the right and 
P=0.035 for the left femur neck). There was no 
significant relation between BMD at 3 sites and duration 
of illness (Table 8).

DISCUSSION

This cross-sectional case-control study showed majority 
of both the JIA patients and control group were in 
between 9-13 years of age. This was very similar result 
observed in a study done previously in Bangladesh (14). 
There were more males than females. Perhaps male 
predominance could be due to the reasons reflecting 
majority of the patients were of Enthesitis related arthritis 
variety; which is more common in males. Moreover, in a 

report from India, similar results were found (15). While 
classifying subtypes of JIA, the most common type was 
enthesitis-related arthritis (48%), followed by systemic 
JIA (28%). Probably children of Asian origin are more 
susceptible to enthesitis-related arthritis (5). The duration 
of the disease at presentation was less than six months in 
44%. The duration of the presentation to us was earlier 
than the previous study, in which the majority was more 
than one year (14). This may be due to awareness of 

clinicians about JIA and early referral to the pediatric 
rheumatology clinic.

In this study 90.6% of patients had hypovitaminosis D 
(both deficiency and insufficiency), as shown in Table 4. 
This result is similar to the study on Moroccan JIA 
children, in which 75% had hypovitaminosis D 
(deficiency and insufficiency) (16,17). Research carried 
out with polyarticular JIA in Brazil found 25% (OH)D 
deficiency and insufficiency in 27% and 47%, 
respectively (18). Another study conducted on adults 
with rheumatoid arthritis showed that 90% of patients 
had hypovitaminosis D (19).

Mean 25 (OH) D levels in cases and healthy controls 
were also low in this study, 18.66±10.22 and 21.3±4.07, 
respectively (Table 2). These findings perhaps indicate 
that vitamin D deficiency may persist in the general 
population in Bangladesh, our country. Zaman et al. 
found 93.58% of healthy children of the 6-11-year group 
of Bangladesh had hypovitaminosis (20). Another group 
of researchers did not find any difference in 25(OH)D 
level between JIA patients and controls (21). For the high 
frequency of deficiency or insufficiency in both control 
and JIA groups, a potential explanation could be skin 
pigmentation, traditional clothing, air pollution, and 
limited outdoor activity (20). Among JIA cases, vitamin 
D levels were further low, maybe due to poor intake, 
disease activity, and decreased physical activity. The 
relation of vitamin D level with duration of illness was 
not significant (p=0.818, Table 3), similar to another 
research study in 2013, which also found no association 
between them (18).

Serum level of calcium was normal in 93.3% and low in 
6.7% of JIA patients. This result is similar to the studies 
showing levels of serum calcium normal in all patients 
(16, 17). It is expected that serum calcium levels would 
be normalized in JIA patients as a part of a bodily 
compensatory mechanism by secreting increased serum 
parathormone. There was no significant correlation 
between the extent of 25(OH) D level and serum calcium 
level.

Low bone mass of the cases was found in the lumbar, 
neck of the right femur, and neck of the left femur: 
97.3%, 69.3%, and 70.7%, respectively. In the control 

group, these were 60%, 44%, and 44%, respectively. 
BMD at all the sites was significantly lower among JIA 
cases than controls (p=<0.001, 0.023, 0.016). A similar 
result (low BMD in 50% of JIA patients) was found in 
another research study (17). Low bone mass was found in 
40-52% of adult patients with JIA by another group of 
researchers (22). No patient or control had a history of 
fracture in our study. Hilman et al. in their study found 
reduced bone mineralization, bone mineral content and 
bone turnover (23).

In 2007 ISCD redefined the concept of osteoporosis in 
children (24). This definition was used as a working 
definition in our study. But most of the available 
literature regarding the prevalence of osteoporosis and 
low BMD was published prior to this definition. This 
could be a reason for the higher prevalence of low bone 
mass in this study. All types of JIA had low bone mass at 
lumbar vertebrae. We found significant differences in 
right femur neck and left femur neck (P = 0.007 and 
0.035, respectively) in different JIA subtypes. In this 
study, it was found that systemic JIA followed by 
polyarticular JIA had a much higher frequency of low 
bone mass (Table-7). Whereas no significant differences 
were observed in BMD between different JIA subtypes in 
another study (25). No association was found between 
duration of disease and Z-score of BMD in any site. 
Similar results were found in a study conducted in Spain 
and in India (25, 26).

Study limitations include a small sample size from a 
specific area and the absence of analyses on factors like 
nutritional status, sunlight exposure, and physical activity 
related to the disease process.

CONCLUSION

This study found that most patients with Juvenile 
Idiopathic Arthritis (JIA) and healthy controls had low 
vitamin D levels. Bone Mineral Density (BMD) was 
significantly lower in JIA patients compared to controls, 
with systemic JIA showing the highest incidence of low 
bone mass, followed by polyarticular rheumatoid factor 
negative type. No significant link was found between the 
duration of illness and vitamin D levels or BMD. JIA 
patients may experience decreased bone mass and a 
heightened risk of fragility fractures during childhood 
and adolescence.
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About 97.3% of JIA cases had low bone mass in the lumbar region (Table-6). A significant difference was found 
between cases and controls (P=<0.001). Table 6 also shows that at the neck of both femurs, low bone mass was present 
compared to the control group (69.3% of cases had low bone mass in the right femur and 70.7% of cases had low bone 
mass in the left femur), and the result is statistically significant (P = 0.023 (right) and P = 0.016 (for left). 

Figure 1: Schematic diagram showing Meckel's diverticulum and other variants of Vitelline duct remnants. 
Adapted from (8).
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PATIENTS AND METHODS

Patients
A retrospective study was conducted on 60 patients 
presenting with symptoms such as melena, abdominal 
pain, and other signs of lower gastrointestinal 
bleeding, suspected to be caused by MD. These 
patients underwent 99mTc-pertechnetate scintigraphy at 
the National Institute of Nuclear Medicine and Allied 
Sciences between January 2025 and February 2026. 
Data were retrieved from comprehensive medical 
records, including clinical notes, diagnostic imaging 
reports, pathology reports, endoscopy results, and 
histopathology reports. Patients were excluded if they 
were older than 18 years, had unclear clinical 
diagnoses, or had insufficient pathological data. The 
study summarizes the patients' age at onset, gender, 
hemoglobin levels, primary symptoms (hematochezia, 
melena, abdominal pain, or severe anemia), 
histopathology, and 99mTc-pertechnetate scintigraphy 
results.
99mTc-pertechnetate scintigraphy

Pediatric patients were instructed to fast for three to 
six hours before scanning to reduce gastric volume. 
The use of perchlorate or laxatives was avoided before 
scintigraphy. No pharmacological interventions, such 
as pentagastrin, histamine, glucagon, or H2-receptor 
antagonists, were used to enhance 99mTc-pertechnetate 
imaging in this study. After intravenous injection of 
99mTc-pertechnetate (1.1-3.7 MBq/kg for children and 
185-370 MBq for adults), anterior and posterior planar 
images of the abdomen and pelvis were obtained at 
five minutes interval upto 30 minutes, then 90 minutes 
and 120 minutes post-injection using a low-energy 
high-resolution parallel-hole collimator (Siemens 
Symbia True Point SPECT-CT). Images were 
acquired with a 64 × 64 matrix over 120 seconds per 
matrix, using an age-appropriate zoom. Lateral images 
were taken as needed to help localize renal pelvis 
activity. A positive 99mTc-pertechnetate scan was 
indicated by abnormal focal tracer activity seen in 
early and delayed anterior images, not caused by 
physiological activity, with intensity increasing over 
time in parallel with normal gastric mucosa activity.

Statistical analysis 

Data distribution was assessed using the 
Shapiro-Wilk test. Normally distributed continuous 
variables were presented as means and standard 
deviations (SD), non-normally distributed continuous 
variables as medians and interquartile ranges (IQR), 
and categorical variables as frequencies and 
percentages. Continuous variables were analyzed 
using Student's t-test, and categorical variables were 
analyzed using the chi-square test. Sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), and overall diagnostic 
accuracy of 99mTc�pertechnetate scintigraphy for MD 
were calculated with histopathology as the reference 
standard, and diagnostic performance was further 
evaluated using receiver operating characteristic 
(ROC) curve analysis. A p� value < 0.05 was 
considered statistically significant, and all analyses 
were conducted using SPSS version 26.

RESULTS 

Patient characteristics and final diagnosis 

Over a period of more than one year, a total of 60 
pediatric patients underwent 99mTc-pertechnetate 
scintigraphy due to suspected MD. Of these patients, 
33 (55%) were boys, and 27 (45%) were girls, with a 
median age of 3 years (IQR: 1.7-7.0). 26.6% of the 
children were under 2 years old at the time of the scan, 
with 31.25% of them ultimately diagnosed with MD. 
Among all patients who underwent 99mTc-pertechnetate 
scans, hematochezia and melena were the presenting 
symptoms in 54 (90%), abdominal pain in 8 (13.3%), 
hematemesis in 5 (8.3%), vomiting in 1 (1.7%), and 
anemia in 12 (20 %). Of the 6 patients with positive 
scans (10%), all presented with hematochezia or 
melena, and 3 had anemia. Among the 54 patients with 
negative scans, 48 (88.8%) presented with 
hematochezia or melena, 8 (14.82%) with abdominal 
pain, and 9 (16.67%) with anemia. All 6 patients (10%) 
with positive scintigraphy, all male, underwent 
surgery, and each was confirmed to have MD by 
histopathology. Among the 54 patients with negative 
scans, one was diagnosed with MD during surgery.

Table 1: Patient demographics and baseline 
characteristics 

Diagnostic accuracy of 99mTc-pertechnetate scintigraphy 

All six positive 99mTc-pertechnetate scintigraphy results 
were confirmed as true positives through 

histopathological examination. Of the 54 negative 
scintigraphies, one was identified as a false negative on 
postoperative histopathology, while the remaining 53 
were verified as true negatives by clinical evaluation, 
imaging studies, and endoscopic and laparoscopic 
assessments. Therefore, the sensitivity, specificity, PPV, 
and NPV of 99mTc-pertechnetate scintigraphy for 
diagnosing MD were 85.71% (6/7), 100.0% (53/53), 
100.0% (6/6), and 98.1% (53/54), respectively. The 
overall diagnostic accuracy was 98.3% (59/60). Receiver 
operating characteristic (ROC) curve analysis was 
conducted to evaluate the diagnostic performance of 
99mTc-pertechnetate scintigraphy in detecting Meckel's 
diverticulum. The area under the ROC curve (AUC) was 
0.929 (standard error: 0.079, p < 0.001), indicating 
excellent diagnostic accuracy. The 95% confidence 
interval for the AUC ranged from 0.775 to 1.082, 
indicating the test's strong discriminative ability to 
differentiate patients with and without Meckel's 
diverticulum. (Figure 2)
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All subtypes of JIA had low bone mass at lumbar 
vertebrae and both femurs (Table 7), except 
polyarticular RF-positive at the right femur neck. The Z 
score of BMD at both femur necks was significant in 

different types of JIA (P=0.007 for the right and 
P=0.035 for the left femur neck). There was no 
significant relation between BMD at 3 sites and duration 
of illness (Table 8).

DISCUSSION

This cross-sectional case-control study showed majority 
of both the JIA patients and control group were in 
between 9-13 years of age. This was very similar result 
observed in a study done previously in Bangladesh (14). 
There were more males than females. Perhaps male 
predominance could be due to the reasons reflecting 
majority of the patients were of Enthesitis related arthritis 
variety; which is more common in males. Moreover, in a 

report from India, similar results were found (15). While 
classifying subtypes of JIA, the most common type was 
enthesitis-related arthritis (48%), followed by systemic 
JIA (28%). Probably children of Asian origin are more 
susceptible to enthesitis-related arthritis (5). The duration 
of the disease at presentation was less than six months in 
44%. The duration of the presentation to us was earlier 
than the previous study, in which the majority was more 
than one year (14). This may be due to awareness of 

clinicians about JIA and early referral to the pediatric 
rheumatology clinic.

In this study 90.6% of patients had hypovitaminosis D 
(both deficiency and insufficiency), as shown in Table 4. 
This result is similar to the study on Moroccan JIA 
children, in which 75% had hypovitaminosis D 
(deficiency and insufficiency) (16,17). Research carried 
out with polyarticular JIA in Brazil found 25% (OH)D 
deficiency and insufficiency in 27% and 47%, 
respectively (18). Another study conducted on adults 
with rheumatoid arthritis showed that 90% of patients 
had hypovitaminosis D (19).

Mean 25 (OH) D levels in cases and healthy controls 
were also low in this study, 18.66±10.22 and 21.3±4.07, 
respectively (Table 2). These findings perhaps indicate 
that vitamin D deficiency may persist in the general 
population in Bangladesh, our country. Zaman et al. 
found 93.58% of healthy children of the 6-11-year group 
of Bangladesh had hypovitaminosis (20). Another group 
of researchers did not find any difference in 25(OH)D 
level between JIA patients and controls (21). For the high 
frequency of deficiency or insufficiency in both control 
and JIA groups, a potential explanation could be skin 
pigmentation, traditional clothing, air pollution, and 
limited outdoor activity (20). Among JIA cases, vitamin 
D levels were further low, maybe due to poor intake, 
disease activity, and decreased physical activity. The 
relation of vitamin D level with duration of illness was 
not significant (p=0.818, Table 3), similar to another 
research study in 2013, which also found no association 
between them (18).

Serum level of calcium was normal in 93.3% and low in 
6.7% of JIA patients. This result is similar to the studies 
showing levels of serum calcium normal in all patients 
(16, 17). It is expected that serum calcium levels would 
be normalized in JIA patients as a part of a bodily 
compensatory mechanism by secreting increased serum 
parathormone. There was no significant correlation 
between the extent of 25(OH) D level and serum calcium 
level.

Low bone mass of the cases was found in the lumbar, 
neck of the right femur, and neck of the left femur: 
97.3%, 69.3%, and 70.7%, respectively. In the control 

group, these were 60%, 44%, and 44%, respectively. 
BMD at all the sites was significantly lower among JIA 
cases than controls (p=<0.001, 0.023, 0.016). A similar 
result (low BMD in 50% of JIA patients) was found in 
another research study (17). Low bone mass was found in 
40-52% of adult patients with JIA by another group of 
researchers (22). No patient or control had a history of 
fracture in our study. Hilman et al. in their study found 
reduced bone mineralization, bone mineral content and 
bone turnover (23).

In 2007 ISCD redefined the concept of osteoporosis in 
children (24). This definition was used as a working 
definition in our study. But most of the available 
literature regarding the prevalence of osteoporosis and 
low BMD was published prior to this definition. This 
could be a reason for the higher prevalence of low bone 
mass in this study. All types of JIA had low bone mass at 
lumbar vertebrae. We found significant differences in 
right femur neck and left femur neck (P = 0.007 and 
0.035, respectively) in different JIA subtypes. In this 
study, it was found that systemic JIA followed by 
polyarticular JIA had a much higher frequency of low 
bone mass (Table-7). Whereas no significant differences 
were observed in BMD between different JIA subtypes in 
another study (25). No association was found between 
duration of disease and Z-score of BMD in any site. 
Similar results were found in a study conducted in Spain 
and in India (25, 26).

Study limitations include a small sample size from a 
specific area and the absence of analyses on factors like 
nutritional status, sunlight exposure, and physical activity 
related to the disease process.

CONCLUSION

This study found that most patients with Juvenile 
Idiopathic Arthritis (JIA) and healthy controls had low 
vitamin D levels. Bone Mineral Density (BMD) was 
significantly lower in JIA patients compared to controls, 
with systemic JIA showing the highest incidence of low 
bone mass, followed by polyarticular rheumatoid factor 
negative type. No significant link was found between the 
duration of illness and vitamin D levels or BMD. JIA 
patients may experience decreased bone mass and a 
heightened risk of fragility fractures during childhood 
and adolescence.
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About 97.3% of JIA cases had low bone mass in the lumbar region (Table-6). A significant difference was found 
between cases and controls (P=<0.001). Table 6 also shows that at the neck of both femurs, low bone mass was present 
compared to the control group (69.3% of cases had low bone mass in the right femur and 70.7% of cases had low bone 
mass in the left femur), and the result is statistically significant (P = 0.023 (right) and P = 0.016 (for left). 
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PATIENTS AND METHODS

Patients
A retrospective study was conducted on 60 patients 
presenting with symptoms such as melena, abdominal 
pain, and other signs of lower gastrointestinal 
bleeding, suspected to be caused by MD. These 
patients underwent 99mTc-pertechnetate scintigraphy at 
the National Institute of Nuclear Medicine and Allied 
Sciences between January 2025 and February 2026. 
Data were retrieved from comprehensive medical 
records, including clinical notes, diagnostic imaging 
reports, pathology reports, endoscopy results, and 
histopathology reports. Patients were excluded if they 
were older than 18 years, had unclear clinical 
diagnoses, or had insufficient pathological data. The 
study summarizes the patients' age at onset, gender, 
hemoglobin levels, primary symptoms (hematochezia, 
melena, abdominal pain, or severe anemia), 
histopathology, and 99mTc-pertechnetate scintigraphy 
results.
99mTc-pertechnetate scintigraphy

Pediatric patients were instructed to fast for three to 
six hours before scanning to reduce gastric volume. 
The use of perchlorate or laxatives was avoided before 
scintigraphy. No pharmacological interventions, such 
as pentagastrin, histamine, glucagon, or H2-receptor 
antagonists, were used to enhance 99mTc-pertechnetate 
imaging in this study. After intravenous injection of 
99mTc-pertechnetate (1.1-3.7 MBq/kg for children and 
185-370 MBq for adults), anterior and posterior planar 
images of the abdomen and pelvis were obtained at 
five minutes interval upto 30 minutes, then 90 minutes 
and 120 minutes post-injection using a low-energy 
high-resolution parallel-hole collimator (Siemens 
Symbia True Point SPECT-CT). Images were 
acquired with a 64 × 64 matrix over 120 seconds per 
matrix, using an age-appropriate zoom. Lateral images 
were taken as needed to help localize renal pelvis 
activity. A positive 99mTc-pertechnetate scan was 
indicated by abnormal focal tracer activity seen in 
early and delayed anterior images, not caused by 
physiological activity, with intensity increasing over 
time in parallel with normal gastric mucosa activity.

Statistical analysis 

Data distribution was assessed using the 
Shapiro-Wilk test. Normally distributed continuous 
variables were presented as means and standard 
deviations (SD), non-normally distributed continuous 
variables as medians and interquartile ranges (IQR), 
and categorical variables as frequencies and 
percentages. Continuous variables were analyzed 
using Student's t-test, and categorical variables were 
analyzed using the chi-square test. Sensitivity, 
specificity, positive predictive value (PPV), negative 
predictive value (NPV), and overall diagnostic 
accuracy of 99mTc�pertechnetate scintigraphy for MD 
were calculated with histopathology as the reference 
standard, and diagnostic performance was further 
evaluated using receiver operating characteristic 
(ROC) curve analysis. A p� value < 0.05 was 
considered statistically significant, and all analyses 
were conducted using SPSS version 26.

RESULTS 

Patient characteristics and final diagnosis 

Over a period of more than one year, a total of 60 
pediatric patients underwent 99mTc-pertechnetate 
scintigraphy due to suspected MD. Of these patients, 
33 (55%) were boys, and 27 (45%) were girls, with a 
median age of 3 years (IQR: 1.7-7.0). 26.6% of the 
children were under 2 years old at the time of the scan, 
with 31.25% of them ultimately diagnosed with MD. 
Among all patients who underwent 99mTc-pertechnetate 
scans, hematochezia and melena were the presenting 
symptoms in 54 (90%), abdominal pain in 8 (13.3%), 
hematemesis in 5 (8.3%), vomiting in 1 (1.7%), and 
anemia in 12 (20 %). Of the 6 patients with positive 
scans (10%), all presented with hematochezia or 
melena, and 3 had anemia. Among the 54 patients with 
negative scans, 48 (88.8%) presented with 
hematochezia or melena, 8 (14.82%) with abdominal 
pain, and 9 (16.67%) with anemia. All 6 patients (10%) 
with positive scintigraphy, all male, underwent 
surgery, and each was confirmed to have MD by 
histopathology. Among the 54 patients with negative 
scans, one was diagnosed with MD during surgery.

Table 1: Patient demographics and baseline 
characteristics 

Diagnostic accuracy of 99mTc-pertechnetate scintigraphy 

All six positive 99mTc-pertechnetate scintigraphy results 
were confirmed as true positives through 

histopathological examination. Of the 54 negative 
scintigraphies, one was identified as a false negative on 
postoperative histopathology, while the remaining 53 
were verified as true negatives by clinical evaluation, 
imaging studies, and endoscopic and laparoscopic 
assessments. Therefore, the sensitivity, specificity, PPV, 
and NPV of 99mTc-pertechnetate scintigraphy for 
diagnosing MD were 85.71% (6/7), 100.0% (53/53), 
100.0% (6/6), and 98.1% (53/54), respectively. The 
overall diagnostic accuracy was 98.3% (59/60). Receiver 
operating characteristic (ROC) curve analysis was 
conducted to evaluate the diagnostic performance of 
99mTc-pertechnetate scintigraphy in detecting Meckel's 
diverticulum. The area under the ROC curve (AUC) was 
0.929 (standard error: 0.079, p < 0.001), indicating 
excellent diagnostic accuracy. The 95% confidence 
interval for the AUC ranged from 0.775 to 1.082, 
indicating the test's strong discriminative ability to 
differentiate patients with and without Meckel's 
diverticulum. (Figure 2)
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All subtypes of JIA had low bone mass at lumbar 
vertebrae and both femurs (Table 7), except 
polyarticular RF-positive at the right femur neck. The Z 
score of BMD at both femur necks was significant in 

different types of JIA (P=0.007 for the right and 
P=0.035 for the left femur neck). There was no 
significant relation between BMD at 3 sites and duration 
of illness (Table 8).

DISCUSSION

This cross-sectional case-control study showed majority 
of both the JIA patients and control group were in 
between 9-13 years of age. This was very similar result 
observed in a study done previously in Bangladesh (14). 
There were more males than females. Perhaps male 
predominance could be due to the reasons reflecting 
majority of the patients were of Enthesitis related arthritis 
variety; which is more common in males. Moreover, in a 

report from India, similar results were found (15). While 
classifying subtypes of JIA, the most common type was 
enthesitis-related arthritis (48%), followed by systemic 
JIA (28%). Probably children of Asian origin are more 
susceptible to enthesitis-related arthritis (5). The duration 
of the disease at presentation was less than six months in 
44%. The duration of the presentation to us was earlier 
than the previous study, in which the majority was more 
than one year (14). This may be due to awareness of 

clinicians about JIA and early referral to the pediatric 
rheumatology clinic.

In this study 90.6% of patients had hypovitaminosis D 
(both deficiency and insufficiency), as shown in Table 4. 
This result is similar to the study on Moroccan JIA 
children, in which 75% had hypovitaminosis D 
(deficiency and insufficiency) (16,17). Research carried 
out with polyarticular JIA in Brazil found 25% (OH)D 
deficiency and insufficiency in 27% and 47%, 
respectively (18). Another study conducted on adults 
with rheumatoid arthritis showed that 90% of patients 
had hypovitaminosis D (19).

Mean 25 (OH) D levels in cases and healthy controls 
were also low in this study, 18.66±10.22 and 21.3±4.07, 
respectively (Table 2). These findings perhaps indicate 
that vitamin D deficiency may persist in the general 
population in Bangladesh, our country. Zaman et al. 
found 93.58% of healthy children of the 6-11-year group 
of Bangladesh had hypovitaminosis (20). Another group 
of researchers did not find any difference in 25(OH)D 
level between JIA patients and controls (21). For the high 
frequency of deficiency or insufficiency in both control 
and JIA groups, a potential explanation could be skin 
pigmentation, traditional clothing, air pollution, and 
limited outdoor activity (20). Among JIA cases, vitamin 
D levels were further low, maybe due to poor intake, 
disease activity, and decreased physical activity. The 
relation of vitamin D level with duration of illness was 
not significant (p=0.818, Table 3), similar to another 
research study in 2013, which also found no association 
between them (18).

Serum level of calcium was normal in 93.3% and low in 
6.7% of JIA patients. This result is similar to the studies 
showing levels of serum calcium normal in all patients 
(16, 17). It is expected that serum calcium levels would 
be normalized in JIA patients as a part of a bodily 
compensatory mechanism by secreting increased serum 
parathormone. There was no significant correlation 
between the extent of 25(OH) D level and serum calcium 
level.

Low bone mass of the cases was found in the lumbar, 
neck of the right femur, and neck of the left femur: 
97.3%, 69.3%, and 70.7%, respectively. In the control 

group, these were 60%, 44%, and 44%, respectively. 
BMD at all the sites was significantly lower among JIA 
cases than controls (p=<0.001, 0.023, 0.016). A similar 
result (low BMD in 50% of JIA patients) was found in 
another research study (17). Low bone mass was found in 
40-52% of adult patients with JIA by another group of 
researchers (22). No patient or control had a history of 
fracture in our study. Hilman et al. in their study found 
reduced bone mineralization, bone mineral content and 
bone turnover (23).

In 2007 ISCD redefined the concept of osteoporosis in 
children (24). This definition was used as a working 
definition in our study. But most of the available 
literature regarding the prevalence of osteoporosis and 
low BMD was published prior to this definition. This 
could be a reason for the higher prevalence of low bone 
mass in this study. All types of JIA had low bone mass at 
lumbar vertebrae. We found significant differences in 
right femur neck and left femur neck (P = 0.007 and 
0.035, respectively) in different JIA subtypes. In this 
study, it was found that systemic JIA followed by 
polyarticular JIA had a much higher frequency of low 
bone mass (Table-7). Whereas no significant differences 
were observed in BMD between different JIA subtypes in 
another study (25). No association was found between 
duration of disease and Z-score of BMD in any site. 
Similar results were found in a study conducted in Spain 
and in India (25, 26).

Study limitations include a small sample size from a 
specific area and the absence of analyses on factors like 
nutritional status, sunlight exposure, and physical activity 
related to the disease process.

CONCLUSION

This study found that most patients with Juvenile 
Idiopathic Arthritis (JIA) and healthy controls had low 
vitamin D levels. Bone Mineral Density (BMD) was 
significantly lower in JIA patients compared to controls, 
with systemic JIA showing the highest incidence of low 
bone mass, followed by polyarticular rheumatoid factor 
negative type. No significant link was found between the 
duration of illness and vitamin D levels or BMD. JIA 
patients may experience decreased bone mass and a 
heightened risk of fragility fractures during childhood 
and adolescence.
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About 97.3% of JIA cases had low bone mass in the lumbar region (Table-6). A significant difference was found 
between cases and controls (P=<0.001). Table 6 also shows that at the neck of both femurs, low bone mass was present 
compared to the control group (69.3% of cases had low bone mass in the right femur and 70.7% of cases had low bone 
mass in the left femur), and the result is statistically significant (P = 0.023 (right) and P = 0.016 (for left). 

Characteristics N=60 
aAge (year) 3 (1.7, 7.0) 
Gender 
bMale 33 (55%) 
bFemale 27 (45%) 
Primary symptom 
bHematochezia or Melena 54 (90%) 
bHematomesis 5 (8.3%) 
bAbdominal pain 8 (13.3%)

 

bVomiting 1(1.7%) 
bAnemia 12 (20%) 
a Data were expressed as median (Interquartile range)  
b Data were expressed as frequency (percentages over total) 

99mTc-
pertechnetate 
scintigraphy 

Final diagnosis Index 
  

MD, n (%) Non-MD, n (%)  

   Positive, n (%) 6 0 PPV = 100.0% 

Negative, n (%) 1 53 NPV = 98.1% 

Index Se = 85.7% Sp = 100.0% Ac = 98.3% 
 

Se, sensitivity; Sp, specificity; PPV, positive predictive value; NPV,
negative predictive value; Ac, accuracy; MD, Meckel's Diverticulum

Table 2: Diagnostic accuracy of 99mTc-pertechnetate scintigraphy in the diagnosis of Meckel's diverticulum.

Figure 2: Receiver operating characteristic curve evaluating 
99mTc-pertechnetate scintigraphy in predicting Meckel's diverticulum.
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ABSTRACT 
Background: Autism Spectrum Disorder (ASD) is a neurodevelopmental 
condition with increasing prevalence worldwide. Identifying cerebral 
perfusion abnormalities may provide objective biomarkers for diagnosis 
and therapeutic monitoring.
Objective: To evaluate regional cerebral blood flow (rCBF) 
abnormalities in children with ASD using Tc-99m ECD Brain SPECT 
and assess their correlation with clinical severity.
Methods: A cross-sectional study was conducted at the National 
Institute of Nuclear Medicine & Allied Sciences (NINMAS), Dhaka. 
A total of 34 children (3–12 years) with clinically confirmed ASD 
were included. Participants underwent 99m Tc- ECD Brain SPECT, and 
perfusion abnormalities were analyzed using Z-scores. Severity was 
classified according to Autism Diagnostic Checklist (ADCL) scores. 
Statistical analysis was performed using SPSS v26, with p ≤ 0.05 
considered significant.
Results: Hypoperfusion was observed across multiple cortical regions. 
In mild ASD, hypoperfusion occurred in the frontal (100%), temporal 
(80%), and parietal (70%) cortices. Low-moderate ASD demonstrated 
widespread perfusion deficits, particularly in frontal (100%) and 
temporal (90%) regions. High-moderate ASD cases exhibited marked 
hypoperfusion in parietal (100%) and frontal (85%) regions. Symptom 
analysis revealed strong associations: speech delay (93%) correlated 
with frontal (98%) and temporal (88%) hypoperfusion; hyperactivity 
(68%) with frontal (100%) and temporal (85%) hypoperfusion; and 
cognitive dysfunction with frontal and parietal hypoperfusion. ADCL 
scores positively correlated with Z-scores (ρ = 0.609, p = 0.002). 
High-moderate ASD cases showed significantly elevated Z-scores 
compared to mild and low-moderate groups (p < 0.05).
Conclusion: Abnormal cerebral perfusion, particularly hypoperfusion 
in the frontal, temporal, and parietal cortices, is strongly associated 
with ASD severity and core clinical symptoms. Tc-99m ECD Brain 
SPECT may serve as a valuable adjunctive tool for early diagnosis, 
severity stratification, and therapeutic monitoring in ASD.
Keywords: Autism Spectrum Disorder, Brain SPECT, Cerebral Perfusion, 
Tc-99m ECD, Hypoperfusion.
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INTRODUCTION 

Autism Spectrum Disorder (ASD) is a multifaceted 
neurodevelopmental condition characterized by 

persistent deficits in social communication and 
interaction, accompanied by restricted, repetitive patterns 
of behavior, interests, or activities. The global prevalence 
of ASD has been steadily increasing over the past two 
decades, with the World Health Organization estimating a 
frequency of approximately 1 in 150 children worldwide 
(1). South Asian epidemiological studies suggest regional 
variability, and Bangladeshi surveys have reported 
prevalence rates ranging from 0.15% to 0.8% (2,3). 
Despite this growing public health concern, diagnosis in 
most clinical settings continues to rely heavily on 
behavioral observation, caregiver interviews, and 
standardized screening tools based on the DSM-5 
criteria. While these instruments are indispensable, they 
lack objective biological markers, resulting in diagnostic 
challenges, particularly in younger children and in 
resource-limited settings where expertise in behavioral 
assessment is scarce. This underscores the need for 
complementary approaches that can elucidate the 
underlying neurobiology of ASD and potentially serve as 
adjunctive diagnostic tools.

In recent years, neuroimaging has emerged as a 
promising avenue for understanding ASD 
pathophysiology. Structural imaging modalities such as 
magnetic resonance imaging (MRI) have provided 
insights into volumetric changes in cortical and 
subcortical regions, but findings remain inconsistent 
across studies. Functional techniques, in contrast, offer 
dynamic information about cerebral physiology. Among 
these, perfusion imaging has attracted particular interest, 
as regional cerebral blood flow (rCBF) is tightly coupled 
to neuronal activity and synaptic function. Measurement 
of rCBF therefore provides an indirect but robust marker 

of functional brain integrity. Nuclear medicine 
techniques such as single-photon emission computed 
tomography (SPECT) using technetium-99m ethyl 
cysteinate dimer (Tc-99m ECD) are especially well 
suited for this purpose because of their ability to capture 
perfusion patterns under near-resting conditions with 
high sensitivity.

A substantial body of international research has 
demonstrated consistent patterns of cerebral perfusion 
abnormalities in children with ASD. The most frequently 
reported finding is hypoperfusion in the frontal, temporal, 
and parietal cortices (4–6). These regions are known to 
subserve higher-order cognitive and social 
processes—frontal lobes contribute to executive functions 
such as planning and impulse control, temporal regions are 
critical for language and social cognition, while the 
parietal cortex integrates sensory information and supports 
visuospatial awareness. Deficits in these domains align 
closely with the core clinical features of ASD, 
strengthening the biological plausibility of these imaging 
findings. Some studies have further suggested correlations 
between the degree of hypoperfusion and symptom 
severity, implying that perfusion imaging might not only 
assist in diagnosis but also provide prognostic information 
and help monitor therapeutic interventions (4-7).

Despite these promising observations, evidence from 
South Asia remains scarce. Cultural differences, genetic 
diversity, and variations in environmental exposures 
highlight the importance of conducting region-specific 
studies, as findings from Western populations may not be 
directly generalizable. Bangladesh, with its significant 
burden of ASD, represents an important setting for such 
investigations. Yet, systematic research exploring 
functional neuroimaging correlates in Bangladeshi 
children with ASD has been limited. Moreover, the 
availability of nuclear medicine facilities capable of 
performing SPECT imaging provides a unique 
opportunity to bridge this gap.

The present study was therefore designed to evaluate 
regional cerebral blood flow abnormalities in Bangla-
deshi children diagnosed with ASD using Tc-99m ECD 
brain SPECT imaging. In addition to describing perfusion 
patterns, the study aims to examine correlations between 
rCBF abnormalities and the severity of clinical symp-

toms, thereby contributing to the understanding of ASD 
pathophysiology in the local population. Establishing 
such correlations may support the use of perfusion imag-
ing as a complementary diagnostic and research tool, 
potentially guiding earlier interventions and more 
individualized therapeutic approaches in resource-con-
strained environments.

PATIENTS AND METHODS

Study Design and Setting

This cross-sectional observational study was conducted 
at the National Institute of Nuclear Medicine and Allied 
Sciences (NINMAS), Dhaka, a tertiary-level facility with 
advanced nuclear medicine imaging capabilities. The 
primary objective was to evaluate regional cerebral blood 
flow (rCBF) abnormalities in children with autism 
spectrum disorder (ASD) using Tc-99m ECD brain 
SPECT and to explore correlations with symptom 
severity.

Participants

A total of thirty-four children were enrolled through 
purposive sampling between 2022 and 2024. The study 
population consisted of 25 males and 7 females, with an 
age range of 3–12 years (mean age 7 years). All 
participants had a clinically confirmed diagnosis of ASD 
based on the DSM-IV or DSM-5 criteria, following 
comprehensive clinical evaluation and 
neurodevelopmental assessment.

Inclusion criteria comprised confirmed ASD diagnosis, 
while exclusion criteria included:

• Abnormal findings on computed tomography (CT) 
or magnetic resonance imaging (MRI),

• History of recurrent or persistent seizures,
• Known metabolic, chromosomal, or infectious 

neurological disorders.
These criteria were applied to ensure that perfusion 
abnormalities were attributable to ASD rather than 
coexisting neurological conditions.
Ethical Considerations
Ethical approval was obtained from the NINMAS Ethics 
Committee 
(Ref: 39.01.2675.252.099.26.2013#55). Written informed 

consent was secured from parents or legal guardians prior 
to participation. The study followed the ethical principles 
of the Declaration of Helsinki and institutional guidelines 
for research involving children.

Imaging Protocol

All participants underwent brain perfusion SPECT using 
technetium-99m ethyl cysteinate dimer (Tc-99m ECD) as 
the radiotracer. Each child received an intravenous 
injection of 2–3 millicuries (mCi) Tc-99m ECD. For 
patients unable to remain still, low-dose sedation was 
administered under close monitoring. Oxygen saturation 
(SpO₂) and heart rate (HR) were continuously monitored 
throughout the procedure to ensure patient safety.

Image acquisition began approximately 10 minutes after 
tracer injection to allow optimal distribution and uptake. 
Scans were obtained using a dual-head gamma camera 
system, ensuring high-resolution image quality (Figure 1). 

Figure 1: Dual-head gamma camera system along 
performing brain SPECT study in a child with autism 
spectrum disorder at NINMAS, Dhaka

Image Processing and Quantitative Analysis

The acquired data were reconstructed and analyzed using 
eZIS (easy Z-score Imaging System) software, which 
provides voxel-based quantitative comparison of patient 
data against a normative age-matched database. Results 
were expressed as Z-scores, with negative deviations 
indicating regional hypoperfusion. This method enabled 
objective quantification of cerebral perfusion 
abnormalities in different cortical regions. 

Figure 2: Multiple areas of hypoperfusion in cerebral 
cortex after eZIS software application

Clinical Assessment

Clinical severity of ASD was graded using the Autism 
Diagnostic Checklist (ADCL), a structured tool assessing 
social, communication, and behavioral domains. The 
checklist allowed classification of patients into varying 
severity categories, which were subsequently compared 
with imaging findings.

Statistical Analysis

All statistical analyses were performed using standard 
software. The Kruskal–Wallis test was applied to 
compare perfusion abnormalities across groups with 
different severity levels of ASD. Spearman’s rank 
correlation coefficient was used to examine associations 
between perfusion abnormalities (Z-scores) and clinical 
severity scores. A p-value of ≤ 0.05 was considered statis-
tically significant.

RESULTS
Clinical Profile

A total of 34 children with autism spectrum disorder 
(ASD) were included in this study, comprising 25 male 
and 9 female, yielding a male-to-female ratio of 3:1. This 
gender distribution is consistent with the well-document-
ed male predominance in ASD. The clinical symptom 
profile revealed that the most frequent presenting 
complaint was speech delay, observed in (n= 31), 93% of 
cases. This was followed by hyperactivity (n= 23), 68%), 
poor eye contact (n= 14), 40% and cognitive dysfunction 
(n=15), 45%. Many children exhibited overlapping 
symptoms, with speech delay and hyperactivity being the 
most common coexisting features.

Perfusion Abnormalities by Severity

Perfusion abnormalities on Tc-99m ECD brain SPECT 
were stratified according to the severity of ASD, as 
determined by ADCL grading.

• Mild ASD (n = 15): Patients with mild severity 
consistently demonstrated frontal hypoperfusion (100%), 
indicating early involvement of regions responsible for 
executive functioning and social interaction (Figure 2). 
Additional perfusion deficits were seen in the temporal 
lobes (80%) and parietal lobes (70%), though these were 
less uniform (Figure 3).  .

• Low–Moderate ASD (n= 12): In this subgroup, 
perfusion abnormalities were more widespread. All cases 
showed frontal (100%) and temporal (90%) 
hypoperfusion, while parietal deficits were present in 
88% of patients. These findings suggest progressive 
involvement of cortical networks with increasing 
symptom burden.

• High–Moderate ASD (n =07): Children in this 
category exhibited the most pronounced abnormalities, 
with severe parietal hypoperfusion (100%) and extensive 
frontal deficits (84%). The extent and severity of 
perfusion deficits were markedly greater than those 
observed in the mild and low–moderate subgroups, 
reflecting a strong association between perfusion 
abnormalities and clinical severity.

The bar diagram shows regional hypoperfusion percent-
ages in mild, low-moderate, and high-moderate ASD. 
Frontal and temporal hypoperfusion were consistently 
observed across all groups, while parietal involvement 
increased with severity and became universal in 
high-moderate cases. Precuneus and cingulate gyri 
abnormalities appeared predominantly in more severe 
ASD, indicating progressive cortical involvement.

Symptom–Perfusion Correlation

A detailed analysis of symptom-specific correlations 
further supported the central role of cortical 
hypoperfusion in ASD manifestations:

• Speech delay was strongly associated with 
perfusion deficits in the frontal cortex (98%) and 
temporal cortex (88%), reflecting the involvement of 
brain regions crucial for speech generation, language 
comprehension, and communication.

• Hyperactivity showed a uniform correlation with 
frontal lobe hypoperfusion (100%), along with notable 
involvement of the temporal lobes (85%). These findings 
align with the known role of the prefrontal and temporal 
circuits in attention and behavioral regulation.

• Cognitive dysfunction correlated strongly with 
deficits in the frontal cortex (100%) and parietal cortex 
(90%), indicating that higher-order executive and 
visuospatial domains are disproportionately impacted in 
ASD children with intellectual impairments.

• Poor eye contact, a hallmark social deficit in ASD, 
was associated with hypoperfusion in both the frontal 
cortex (90%) and the parietal cortex (78%), regions 
implicated in social cognition, visual attention, and 
face-processing networks. (Figure 4).

The bar diagram shows the percentage of cases with 
regional hypoperfusion associated with speech delay, 
hyperactivity, cognitive dysfunction, and poor eye 
contact. Frontal and temporal cortices were most consis-
tently affected across all symptom domains, while 
parietal hypoperfusion was strongly linked to cognitive 
dysfunction. Precuneus involvement was less frequent 
but present across all symptoms.

These correlations underscore that specific clinical 
manifestations are linked to distinct cortical perfusion 
deficits, strengthening the biological plausibility of the 
imaging findings.

The Kruskal–Wallis test was performed to compare Z-scores 
across severity groups (Mild, Low moderate, High moderate) 
(Figure 5). There was a statistically significant difference (H 
= 8.90, df = 2, p = 0.012). Post-hoc Bonferroni analysis 
revealed that the High moderate group had significantly 
higher Z-scores than both the Mild (p = 0.004) and Low 
moderate groups (p = 0.009). No significant difference was 
found between Mild and Low moderate groups (p = 1.000).
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Figure 3: 99mTc-pertechnetate scintigraphy for MD revealed no focal tracer activity over the right side of the 
abdomen, with the appearance of the gastric activity (blue arrow).

Figure 4: 99mTc-pertechnetate scintigraphy for MD revealed the presence of focal tracer activity over the right side 
of the abdomen, which appeared at the same time as gastric activity. This was a positive Meckel's scan (red arrow).
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DISCUSSION
Meckel's diverticulum is a true diverticulum and may 
contain heterotopic gastric or pancreatic tissue (6). Not 
all Meckel's diverticula are symptomatic. Most remain 
undiscovered, with a lifetime risk of complications 
reported to range from 4 to 40% (9, 10). They can present 
with small bowel obstruction due to volvulus or 
intussusception, or with abdominal pain (9). Less than 
50% of Meckel's diverticula contain ectopic gastric tissue 
(6), and they have a higher risk of gastrointestinal 
bleeding (11). Previous studies have reported that 
abdominal radiograph, barium studies, abdominal 
ultrasound, and CT are of limited use in detecting 
Meckel's diverticulum (6, 12, 13). Before pertechnetate 
scintigraphy was introduced, diagnosing bleeding MD 
preoperatively was very difficult. In 1933, Charles Mayo 
described the MD as "a diagnosis that is frequently 
suspected, often looked for, but seldom found" (14). 
Pertechnetate scintigraphy has been used in clinical 
practice since 1970. An early study, six years later, 
reported a sensitivity of 75% and a specificity of 79% 
(15). After refinements and standardization of the 
technique, a subsequent 10-year review in 1981 reported 
sensitivities and specificities of 85% and 95%, 
respectively (16). However, sensitivity was lower in adult 
populations (17, 18). Conversely, specificity and positive 
predictive value can both reach 95% across all age groups 
(6, 19, 20, 21).
In this study, 60 cases were recruited over 1 year. A total 
of seven Meckel's diverticula were confirmed surgically 
and histologically. All were male patients (100%), 
consistent with previous studies reporting that 
symptomatic Meckel's diverticula are more commonly 
found in males (22-24). The scan's sensitivity was 85.7%, 
and its positive predictive value was 100%. Specificity 
was 100% in our study. Overall accuracy was 98.3%. Our 
local experience indicates that Meckel's scan is a useful 
and accurate method for detecting Meckel's diverticulum.
There was one false negative case in the study, who was 
a pediatric patient referred for perirectal bleeding (a 
01-year-old boy) for 03 months. Meckel's scan showed 
no focal tracer activity in the right lower abdomen around 
the time of gastric activity appearance. But the patient's 
symptom of per-rectal bleeding persisted, and there were 
no signs of improvement. The patient then traveled to 
India for better management, but the Mickels scan was 
also negative there. Then the patient was advised to have 
a CT abdominal angiogram, & it revealed no 
abnormality. After that, the patient was advised to 

undergo a contrast UGI study, which revealed a dilated 
bowel segment in the region of the hepatic flexure; the 
appearance raises the possibility of tubular gut 
duplication. The surgeons did an urgent exploratory 
laparotomy, and Meckel's diverticulum was found 
intra-operative. The diverticulum was resected, and 
ectopic gastric mucosa was confirmed histologically.
CONCLUSION
The study indicates that Meckel scanning is a safe, 
non-invasive procedure that exposes patients to minimal 
radiation. It is recommended as the first-line 
investigation for children with obvious hematochezia, 
irrespective of anemia, before considering more invasive 
options like endoscopy or laparoscopy, which necessitate 
general anesthesia.
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DISCUSSION
Meckel's diverticulum is a true diverticulum and may 
contain heterotopic gastric or pancreatic tissue (6). Not 
all Meckel's diverticula are symptomatic. Most remain 
undiscovered, with a lifetime risk of complications 
reported to range from 4 to 40% (9, 10). They can present 
with small bowel obstruction due to volvulus or 
intussusception, or with abdominal pain (9). Less than 
50% of Meckel's diverticula contain ectopic gastric tissue 
(6), and they have a higher risk of gastrointestinal 
bleeding (11). Previous studies have reported that 
abdominal radiograph, barium studies, abdominal 
ultrasound, and CT are of limited use in detecting 
Meckel's diverticulum (6, 12, 13). Before pertechnetate 
scintigraphy was introduced, diagnosing bleeding MD 
preoperatively was very difficult. In 1933, Charles Mayo 
described the MD as "a diagnosis that is frequently 
suspected, often looked for, but seldom found" (14). 
Pertechnetate scintigraphy has been used in clinical 
practice since 1970. An early study, six years later, 
reported a sensitivity of 75% and a specificity of 79% 
(15). After refinements and standardization of the 
technique, a subsequent 10-year review in 1981 reported 
sensitivities and specificities of 85% and 95%, 
respectively (16). However, sensitivity was lower in adult 
populations (17, 18). Conversely, specificity and positive 
predictive value can both reach 95% across all age groups 
(6, 19, 20, 21).
In this study, 60 cases were recruited over 1 year. A total 
of seven Meckel's diverticula were confirmed surgically 
and histologically. All were male patients (100%), 
consistent with previous studies reporting that 
symptomatic Meckel's diverticula are more commonly 
found in males (22-24). The scan's sensitivity was 85.7%, 
and its positive predictive value was 100%. Specificity 
was 100% in our study. Overall accuracy was 98.3%. Our 
local experience indicates that Meckel's scan is a useful 
and accurate method for detecting Meckel's diverticulum.
There was one false negative case in the study, who was 
a pediatric patient referred for perirectal bleeding (a 
01-year-old boy) for 03 months. Meckel's scan showed 
no focal tracer activity in the right lower abdomen around 
the time of gastric activity appearance. But the patient's 
symptom of per-rectal bleeding persisted, and there were 
no signs of improvement. The patient then traveled to 
India for better management, but the Mickels scan was 
also negative there. Then the patient was advised to have 
a CT abdominal angiogram, & it revealed no 
abnormality. After that, the patient was advised to 

undergo a contrast UGI study, which revealed a dilated 
bowel segment in the region of the hepatic flexure; the 
appearance raises the possibility of tubular gut 
duplication. The surgeons did an urgent exploratory 
laparotomy, and Meckel's diverticulum was found 
intra-operative. The diverticulum was resected, and 
ectopic gastric mucosa was confirmed histologically.
CONCLUSION
The study indicates that Meckel scanning is a safe, 
non-invasive procedure that exposes patients to minimal 
radiation. It is recommended as the first-line 
investigation for children with obvious hematochezia, 
irrespective of anemia, before considering more invasive 
options like endoscopy or laparoscopy, which necessitate 
general anesthesia.
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