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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis

ABSTRACT

Introduction: F-18 Fluorodeoxyglucose Positron Emission Tomography 
(18F-FDG PET/CT) is a hybrid non-invasive imaging tool that integrates 
PET and CT into a single imaging device. It is used to detect and 
measure metabolic activity in a cancer cell and, hence, can provide 
anatomic and metabolic information. 18F-FDG PET/CT is useful for the 
detection of loco-regional recurrence, distant metastases, and monitoring 
therapy response in patients with rectal carcinoma. This study was done 
to see the usefulness of 18F-FDG PET/CT in the follow-up evaluation of 
patients with rectal carcinoma.

Materials and Methods: This retrospective study was done in the 
PET/CT division of the National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS) between January 2021 and December 2022. A total 
of 26 patients with rectal carcinoma, requested for an F-18 FDG PET-CT 
scan were enrolled in this study. Image findings were analyzed and 
properly documented in a predesigned format to evaluate the results. 

Results: Total 26 patients with an average age of 47.69 and a follow up 
period of 6 months to 5 years were enrolled in this study. Histologically 
adenocarcinoma was seen in 21 patients, four patients were mucinous, 
two were papillary, and carcinoid tumor was found in one patient. On 
PET/CT imaging, no metastases were found in 17 (65.4%) out of 26 
patients and metastases was seen in 9 (34.6%) patients. Among them 
four (44.5%) had lung, two (22.2%) had lymph nodes, one (11.1%) had 
liver and lymph node metastases, one (%11.1) had skeletal metastases, 
and one (11.1%) had peritoneal metastases. No significant association 
was observed with histopathology or treatment protocol. CEA was 
higher in patients with metastases and lower in those without.                                                                                 

Conclusion: 18F-FDG PET/CT is an effective tool in follow up patients 
with rectal carcinoma as it can accurately detect locoregional recurrence 
or distant metastases. 
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INTRODUCTION 

Colorectal cancer is the world's third most common 
malignancy and the second leading cause of cancer-related 
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death (1). In relation to incidence, in men it is behind lung 
and prostate carcinoma, and in women it is second after 
breast cancer. In relation to mortality, in men is behind 
lung, liver and stomach cancer and in female third in 
mortality following breast and lung carcinomas. 
Significant variation is seen in patients with rectal 
carcinoma like complete regression, stationary 
appearance, tumor progression during the treatment with 
variable rates of local recurrence (2,3). 

Five-year survival rate is about 60% despite proper 
surgical management in combination with chemotherapy 
and radiotherapy. Prognosis is better when recurrences 
are detected early (4). 18F-FDG PET/CT scan which is a 
non-invasive imaging modality is an important tool for 
early detection of local recurrence, distant metastases, 
and evaluation of therapy response. It can detect 
metabolic changes of cancer cell due to chemo or 
radiotherapy better than other imaging modalities like 
CT or MRI (5). In addition to anatomical changes 
metabolic changes provide more predictive value. This 
study was done to see the follow up results of patients 
with rectal carcinoma and impact of 18F-FDG PET/CT in 
management of rectal carcinoma patients. 

PATIENTS AND METHODS 

This retrospective study was done in PET/CT division of 
National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS). A total of 26 patients with rectal 
carcinoma were enrolled in this study who were referred 
to NINMAS from January 2021 to December 2022 for 
18F-FDG PET/CT scan after obtaining proper 
permission. The study patients were informed about the 
nature and the purpose of the study. Confidentiality was 
maintained. Detailed history was taken. Data were 

collected in a predesigned format and findings of the 
scans were evaluated.  

Data processing and statistical analysis:

Collected data were analyzed using the Statistical 
Package for Social Sciences version 26.0 for Windows 
(SPSS Inc., Chicago, Illinois, USA). Quantitative data 
was provided as mean, standard deviations, and ranges. 
Chi-Square test was used to analyze the categorical 

variables. The confidence interval was set at 95% with a 

5% acceptable margin of error. A P-value <0.05 was 

considered statistically significant. 

RESULTS

A total of 26 patients were enrolled in this study (M = 13 

and F = 13), with ages ranging from 22 to 78 (47.69 +_ 

17.59) years (Table 1). Follow up period ranged from six 

months to five years. Histologically, adenocarcinoma was 

seen in 21 patients. Four patients had mucinous 

adenocarcinoma, two patients had papillary 

adenocarcinoma, and a carcinoid tumor was found in one 

patient. Among the 26 patients, three came prior to 

surgery; one after adjuvant radiotherapy; two after 

adjuvant chemo and radiotherapy to see therapy response; 

and 23 came after surgery either for evaluation or to see 

therapy response. Surgery included a) anterior resection 

and low anterior resection (n=12) b) abdominoperineal 

resection (n=4) c) intersphincteric resection (n=2) d) 

resection and anastomosis (n=4) and e) Hartman 

procedure (n=1) (Table 1). No evidence of metastasis was 

found in 17 (65.4%) patients. Other 9 (34.6%) patients 

showed metastases in following locations: a) only lung 

(n= 1), b) lung and lymph nodes (n=2), c) lung and liver 

(n=1), d) lung, liver and lymph nodes (n=1) e) only lymph 
nodes (n=2) f) skeletal metastases (n=1) and g) peritoneal 
metastases (n=1) (Table 2). No significant association was 
seen in males or females with metastases or sites of 
metastases; liver metastases were seen more in females 
than in males. (Table 2). No statistically significant 
association of metastases was observed with 
histopathology or treatment protocols either (Table 3 & 
4). CEA was found to be higher in patients with 
metastases and lower in patients who had no metastases 
(CEA average: 12.04 vs. 4.0).

Table-1: Demographic and disease characteristics of 
study subjects (n=26)

Table-2: F-18 FDG PET/CT findings according to 
gender in follow up patients of rectal carcinoma

Table 3: Relation of histopathology and F-18 FDG 
PET/CT scan findings of patients with rectal carcinoma

Table 4: Relation of treatment protocol with F-18 
FDG PET/CT findings in follow up patients with 
rectal carcinoma 

Figure 1: F-18 FDG PET CT image showing 
hypermetabolic metastatic lesions (arrow) at L5 vertebrae 
without any local recurrence in a) coronal b) sagittal c) 
axial hybrid PET/CT image and d) axial PET image 

Figure-2: F-18 FDG PET-CT scan axial image showing 
a) hypermetabolic eccentric rectal wall thickening 
(arrow) representing local recurrence b) hypermetabolic 
lesion in posterior segment of upper lobe of right lung c) 
another lesion in segment VIII of liver and d) enlarged 
hypermetabolic left common iliac lymph node 
representing metastases.

DISCUSSION

Colorectal cancer is the third-leading cause of cancer 
worldwide. Recurrence occurs in roughly one-third of 
patients during the first two years after surgery (6). 
18

F-FDG PET/CT directly measures the metabolic 
activity of the cancer cell, thus playing a crucial role in 
the early detection of recurrence in patients with rectal 
carcinoma. It can detect metabolically active small LNs, 
local operative bed recurrence, small metastases, early 
skeletal deposits, and post-therapeutic evaluation of 
viable and non-viable malignant lesions.

This study was conducted on 26 patients with ages ranging 
from 22 to 78 years old and a mean SD of 47.69 +_ 17.59; 
they were 13 females (50%) and 13 males (50%). Based on 
lesion analysis, metastases were seen in 9 cases (34.62%) 
of the patient group. The study almost agreed with Hetta et 
al., who analyzed 60 instances and discovered that 22 
cases (36.7 percent of the total evaluated cases) developed 
a local recurrence, and 38 cases did not (63.3 percent of the 
total studied cases) (7,8).

In this study, the number of patients with local nodal 
involvement was 05 cases (19.23%). while 21 patients 
did not develop nodal metastatic deposits (80.77%). The 
findings are consistent with those of O'Connor et al., 
who found that on PET/CT, enlarged and non-enlarged 
FDG-positive lymph nodes can be seen in the mesentery, 
indicating the existence of regional lymph node 

metastases; this is shown when patients with rectal 
carcinoma are restaged (8, 9). While the specificity of 
FDG PET is 96%, it has been demonstrated to be only 
29% sensitive for local lymph node metastases from 
colorectal carcinoma (10,11). On PET/CT, enlarged and 
nonenlarged FDG-avid lymph nodes in the mesentery 
can be seen, indicating the existence of regional lymph 
node metastases; however, this is more frequently seen 
when CRC patients are restaged rather than when they 
are initially staged (12).

The end diagnosis of distant metastases in follow-up 
patients with rectal carcinoma was visible in nine 
individuals (34.62%) of the patient group based on lesion 
investigation. Patients with hepatic metastatic deposits 
accounted for 2 instances (7.7%); those with pulmonary 
nodular deposits accounted for 4 instances (15.39%); 
those with osseous deposits accounted for 1 instance 
(3.85%); and those with peritoneal deposits accounted 
for 1 instance (3.85%). So, 

18
F-FDG PET/CT  was found 

useful in detecting hepatic and extrahepatic metastases. 
These findings are compatible with those of Kijima et 
al., who found that FDG-PET and PET/CT have high 
accuracy for the detection and staging of liver lesions in 
CRC patients, with a combined sensitivity and 
specificity of 93 percent (13). In this study, females had 
a higher rate of 

18
F-FDG PET/CT detection of lymph 

nodes and hepatic metastases than males, with p-values 
of 0.641, and 0.586 respectively. These findings are not 
statistically significant which could be due to the small 
sample size. Elia et al. in their study showed that females 
had a statistically significantly higher rate of PET/CT 
detection of recurrence, local spread, and local lymph 
nodes than males, with p-values of 0.018, 0.018, and 
0.002, respectively, whereas there was no statistically 
significant relationship between gender of the studied 
patients and the other findings, which could be due to 
small sample size (9). This study is partially compatible 
with our study.

In this study, a higher rate of FDG PET/CT detection of 
metastases was seen in a patient with adenocarcinoma 
than in other histological types, though it was not 
statistically significant. Kijima et al. showed that the 
percentage of 

18
F-FDG PET/CT metastases detected in 

the adenocarcinoma group was statistically and 
significantly higher than in the mucinous group (65.4 

percent, p-value = 0.014). In this study, nine patients 
with rectal carcinoma showed a higher CEA level 
(average 12.04), and 17 patients were without 
metastases; their average CEA level was 4.0. Mittal et al. 
(14), who studied 73 patients with CRC (55 males and 18 
females; age range, 25 to 80 years), In 51 patients, rising 
CEA levels were found. 

18
F-FDG PET/CT scans were 

positive in 13 patients (3 with liver lesions, 5 with lymph 
node involvement, 2 with bone metastases, 1 with local 
recurrence in the urinary bladder wall, 1 with lymph 
node and liver metastases, and 1 with lymph node and 
bone metastases). 

18
F-FDG PET/CT is a viable approach 

in the evaluation of patients with rectal carcinoma and a 
normal CEA level who have a suspected recurrence or 
metastases (15). 

CONCLUSION

The development of 
18

F-FDG PET/CT has a 
considerable role in the follow-up of patients with rectal 
carcinoma. 

18
F-FDG PET/CT has a greater impact on the 

detection of sites of metastatic disease, either hepatic or 
extrahepatic, and on the detection of local recurrence.  
18

F-FDG PET/CT alone can diagnose local recurrence 
due to abnormal FDG uptake, whereas serial 
conventional CTs are often required to characterize 
recurrence as they provide anatomical as well as 
metabolic details.
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis

ABSTRACT

Introduction: F-18 Fluorodeoxyglucose Positron Emission Tomography 
(18F-FDG PET/CT) is a hybrid non-invasive imaging tool that integrates 
PET and CT into a single imaging device. It is used to detect and 
measure metabolic activity in a cancer cell and, hence, can provide 
anatomic and metabolic information. 18F-FDG PET/CT is useful for the 
detection of loco-regional recurrence, distant metastases, and monitoring 
therapy response in patients with rectal carcinoma. This study was done 
to see the usefulness of 18F-FDG PET/CT in the follow-up evaluation of 
patients with rectal carcinoma.

Materials and Methods: This retrospective study was done in the 
PET/CT division of the National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS) between January 2021 and December 2022. A total 
of 26 patients with rectal carcinoma, requested for an F-18 FDG PET-CT 
scan were enrolled in this study. Image findings were analyzed and 
properly documented in a predesigned format to evaluate the results. 

Results: Total 26 patients with an average age of 47.69 and a follow up 
period of 6 months to 5 years were enrolled in this study. Histologically 
adenocarcinoma was seen in 21 patients, four patients were mucinous, 
two were papillary, and carcinoid tumor was found in one patient. On 
PET/CT imaging, no metastases were found in 17 (65.4%) out of 26 
patients and metastases was seen in 9 (34.6%) patients. Among them 
four (44.5%) had lung, two (22.2%) had lymph nodes, one (11.1%) had 
liver and lymph node metastases, one (%11.1) had skeletal metastases, 
and one (11.1%) had peritoneal metastases. No significant association 
was observed with histopathology or treatment protocol. CEA was 
higher in patients with metastases and lower in those without.                                                                                 

Conclusion: 18F-FDG PET/CT is an effective tool in follow up patients 
with rectal carcinoma as it can accurately detect locoregional recurrence 
or distant metastases. 

Key words: Rectal carcinoma, F-18 FDG PET/CT, metastases, follow up.
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INTRODUCTION 

Colorectal cancer is the world's third most common 
malignancy and the second leading cause of cancer-related 

death (1). In relation to incidence, in men it is behind lung 
and prostate carcinoma, and in women it is second after 
breast cancer. In relation to mortality, in men is behind 
lung, liver and stomach cancer and in female third in 
mortality following breast and lung carcinomas. 
Significant variation is seen in patients with rectal 
carcinoma like complete regression, stationary 
appearance, tumor progression during the treatment with 
variable rates of local recurrence (2,3). 

Five-year survival rate is about 60% despite proper 
surgical management in combination with chemotherapy 
and radiotherapy. Prognosis is better when recurrences 
are detected early (4). 18F-FDG PET/CT scan which is a 
non-invasive imaging modality is an important tool for 
early detection of local recurrence, distant metastases, 
and evaluation of therapy response. It can detect 
metabolic changes of cancer cell due to chemo or 
radiotherapy better than other imaging modalities like 
CT or MRI (5). In addition to anatomical changes 
metabolic changes provide more predictive value. This 
study was done to see the follow up results of patients 
with rectal carcinoma and impact of 18F-FDG PET/CT in 
management of rectal carcinoma patients. 

PATIENTS AND METHODS 

This retrospective study was done in PET/CT division of 
National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS). A total of 26 patients with rectal 
carcinoma were enrolled in this study who were referred 
to NINMAS from January 2021 to December 2022 for 
18F-FDG PET/CT scan after obtaining proper 
permission. The study patients were informed about the 
nature and the purpose of the study. Confidentiality was 
maintained. Detailed history was taken. Data were 

collected in a predesigned format and findings of the 
scans were evaluated.  

Data processing and statistical analysis:

Collected data were analyzed using the Statistical 
Package for Social Sciences version 26.0 for Windows 
(SPSS Inc., Chicago, Illinois, USA). Quantitative data 
was provided as mean, standard deviations, and ranges. 
Chi-Square test was used to analyze the categorical 

variables. The confidence interval was set at 95% with a 

5% acceptable margin of error. A P-value <0.05 was 

considered statistically significant. 

RESULTS

A total of 26 patients were enrolled in this study (M = 13 

and F = 13), with ages ranging from 22 to 78 (47.69 +_ 

17.59) years (Table 1). Follow up period ranged from six 

months to five years. Histologically, adenocarcinoma was 

seen in 21 patients. Four patients had mucinous 

adenocarcinoma, two patients had papillary 

adenocarcinoma, and a carcinoid tumor was found in one 

patient. Among the 26 patients, three came prior to 

surgery; one after adjuvant radiotherapy; two after 

adjuvant chemo and radiotherapy to see therapy response; 

and 23 came after surgery either for evaluation or to see 

therapy response. Surgery included a) anterior resection 

and low anterior resection (n=12) b) abdominoperineal 

resection (n=4) c) intersphincteric resection (n=2) d) 

resection and anastomosis (n=4) and e) Hartman 

procedure (n=1) (Table 1). No evidence of metastasis was 

found in 17 (65.4%) patients. Other 9 (34.6%) patients 

showed metastases in following locations: a) only lung 

(n= 1), b) lung and lymph nodes (n=2), c) lung and liver 

(n=1), d) lung, liver and lymph nodes (n=1) e) only lymph 
nodes (n=2) f) skeletal metastases (n=1) and g) peritoneal 
metastases (n=1) (Table 2). No significant association was 
seen in males or females with metastases or sites of 
metastases; liver metastases were seen more in females 
than in males. (Table 2). No statistically significant 
association of metastases was observed with 
histopathology or treatment protocols either (Table 3 & 
4). CEA was found to be higher in patients with 
metastases and lower in patients who had no metastases 
(CEA average: 12.04 vs. 4.0).

Table-1: Demographic and disease characteristics of 
study subjects (n=26)

Table-2: F-18 FDG PET/CT findings according to 
gender in follow up patients of rectal carcinoma

Table 3: Relation of histopathology and F-18 FDG 
PET/CT scan findings of patients with rectal carcinoma

Table 4: Relation of treatment protocol with F-18 
FDG PET/CT findings in follow up patients with 
rectal carcinoma 

Figure 1: F-18 FDG PET CT image showing 
hypermetabolic metastatic lesions (arrow) at L5 vertebrae 
without any local recurrence in a) coronal b) sagittal c) 
axial hybrid PET/CT image and d) axial PET image 

Figure-2: F-18 FDG PET-CT scan axial image showing 
a) hypermetabolic eccentric rectal wall thickening 
(arrow) representing local recurrence b) hypermetabolic 
lesion in posterior segment of upper lobe of right lung c) 
another lesion in segment VIII of liver and d) enlarged 
hypermetabolic left common iliac lymph node 
representing metastases.

DISCUSSION

Colorectal cancer is the third-leading cause of cancer 
worldwide. Recurrence occurs in roughly one-third of 
patients during the first two years after surgery (6). 
18

F-FDG PET/CT directly measures the metabolic 
activity of the cancer cell, thus playing a crucial role in 
the early detection of recurrence in patients with rectal 
carcinoma. It can detect metabolically active small LNs, 
local operative bed recurrence, small metastases, early 
skeletal deposits, and post-therapeutic evaluation of 
viable and non-viable malignant lesions.

This study was conducted on 26 patients with ages ranging 
from 22 to 78 years old and a mean SD of 47.69 +_ 17.59; 
they were 13 females (50%) and 13 males (50%). Based on 
lesion analysis, metastases were seen in 9 cases (34.62%) 
of the patient group. The study almost agreed with Hetta et 
al., who analyzed 60 instances and discovered that 22 
cases (36.7 percent of the total evaluated cases) developed 
a local recurrence, and 38 cases did not (63.3 percent of the 
total studied cases) (7,8).

In this study, the number of patients with local nodal 
involvement was 05 cases (19.23%). while 21 patients 
did not develop nodal metastatic deposits (80.77%). The 
findings are consistent with those of O'Connor et al., 
who found that on PET/CT, enlarged and non-enlarged 
FDG-positive lymph nodes can be seen in the mesentery, 
indicating the existence of regional lymph node 

metastases; this is shown when patients with rectal 
carcinoma are restaged (8, 9). While the specificity of 
FDG PET is 96%, it has been demonstrated to be only 
29% sensitive for local lymph node metastases from 
colorectal carcinoma (10,11). On PET/CT, enlarged and 
nonenlarged FDG-avid lymph nodes in the mesentery 
can be seen, indicating the existence of regional lymph 
node metastases; however, this is more frequently seen 
when CRC patients are restaged rather than when they 
are initially staged (12).

The end diagnosis of distant metastases in follow-up 
patients with rectal carcinoma was visible in nine 
individuals (34.62%) of the patient group based on lesion 
investigation. Patients with hepatic metastatic deposits 
accounted for 2 instances (7.7%); those with pulmonary 
nodular deposits accounted for 4 instances (15.39%); 
those with osseous deposits accounted for 1 instance 
(3.85%); and those with peritoneal deposits accounted 
for 1 instance (3.85%). So, 

18
F-FDG PET/CT  was found 

useful in detecting hepatic and extrahepatic metastases. 
These findings are compatible with those of Kijima et 
al., who found that FDG-PET and PET/CT have high 
accuracy for the detection and staging of liver lesions in 
CRC patients, with a combined sensitivity and 
specificity of 93 percent (13). In this study, females had 
a higher rate of 

18
F-FDG PET/CT detection of lymph 

nodes and hepatic metastases than males, with p-values 
of 0.641, and 0.586 respectively. These findings are not 
statistically significant which could be due to the small 
sample size. Elia et al. in their study showed that females 
had a statistically significantly higher rate of PET/CT 
detection of recurrence, local spread, and local lymph 
nodes than males, with p-values of 0.018, 0.018, and 
0.002, respectively, whereas there was no statistically 
significant relationship between gender of the studied 
patients and the other findings, which could be due to 
small sample size (9). This study is partially compatible 
with our study.

In this study, a higher rate of FDG PET/CT detection of 
metastases was seen in a patient with adenocarcinoma 
than in other histological types, though it was not 
statistically significant. Kijima et al. showed that the 
percentage of 

18
F-FDG PET/CT metastases detected in 

the adenocarcinoma group was statistically and 
significantly higher than in the mucinous group (65.4 

percent, p-value = 0.014). In this study, nine patients 
with rectal carcinoma showed a higher CEA level 
(average 12.04), and 17 patients were without 
metastases; their average CEA level was 4.0. Mittal et al. 
(14), who studied 73 patients with CRC (55 males and 18 
females; age range, 25 to 80 years), In 51 patients, rising 
CEA levels were found. 

18
F-FDG PET/CT scans were 

positive in 13 patients (3 with liver lesions, 5 with lymph 
node involvement, 2 with bone metastases, 1 with local 
recurrence in the urinary bladder wall, 1 with lymph 
node and liver metastases, and 1 with lymph node and 
bone metastases). 

18
F-FDG PET/CT is a viable approach 

in the evaluation of patients with rectal carcinoma and a 
normal CEA level who have a suspected recurrence or 
metastases (15). 

CONCLUSION

The development of 
18

F-FDG PET/CT has a 
considerable role in the follow-up of patients with rectal 
carcinoma. 

18
F-FDG PET/CT has a greater impact on the 

detection of sites of metastatic disease, either hepatic or 
extrahepatic, and on the detection of local recurrence.  
18

F-FDG PET/CT alone can diagnose local recurrence 
due to abnormal FDG uptake, whereas serial 
conventional CTs are often required to characterize 
recurrence as they provide anatomical as well as 
metabolic details.
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis

ABSTRACT

Introduction: F-18 Fluorodeoxyglucose Positron Emission Tomography 
(
18

F-FDG PET/CT) is a hybrid non-invasive imaging tool that integrates 
PET and CT into a single imaging device. It is used to detect and 
measure metabolic activity in a cancer cell and, hence, can provide 
anatomic and metabolic information. 

18
F-FDG PET/CT is useful for the 

detection of loco-regional recurrence, distant metastases, and monitoring 
therapy response in patients with rectal carcinoma. This study was done 
to see the usefulness of 

18
F-FDG PET/CT in the follow-up evaluation of 

patients with rectal carcinoma.

Materials and Methods: This retrospective study was done in the 
PET/CT division of the National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS) between January 2021 and December 2022. A total 
of 26 patients with rectal carcinoma, requested for an F-18 FDG PET-CT 
scan were enrolled in this study. Image findings were analyzed and 
properly documented in a predesigned format to evaluate the results. 

Results: Total 26 patients with an average age of 47.69 and a follow up 
period of 6 months to 5 years were enrolled in this study. Histologically 
adenocarcinoma was seen in 21 patients, four patients were mucinous, 
two were papillary, and carcinoid tumor was found in one patient. On 
PET/CT imaging, no metastases were found in 17 (65.4%) out of 26 
patients and metastases was seen in 9 (34.6%) patients. Among them 
four (44.5%) had lung, two (22.2%) had lymph nodes, one (11.1%) had 
liver and lymph node metastases, one (%11.1) had skeletal metastases, 
and one (11.1%) had peritoneal metastases. No significant association 
was observed with histopathology or treatment protocol. CEA was 
higher in patients with metastases and lower in those without.                                                                                 

Conclusion: 
18

F-FDG PET/CT is an effective tool in follow up patients 
with rectal carcinoma as it can accurately detect locoregional recurrence 
or distant metastases. 

Key words: Rectal carcinoma, F-18 FDG PET/CT, metastases, follow up.
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INTRODUCTION 

Colorectal cancer is the world's third most common 
malignancy and the second leading cause of cancer-related 

death (1). In relation to incidence, in men it is behind lung 
and prostate carcinoma, and in women it is second after 
breast cancer. In relation to mortality, in men is behind 
lung, liver and stomach cancer and in female third in 
mortality following breast and lung carcinomas. 
Significant variation is seen in patients with rectal 
carcinoma like complete regression, stationary 
appearance, tumor progression during the treatment with 
variable rates of local recurrence (2,3). 

Five-year survival rate is about 60% despite proper 
surgical management in combination with chemotherapy 
and radiotherapy. Prognosis is better when recurrences 
are detected early (4). 

18
F-FDG PET/CT scan which is a 

non-invasive imaging modality is an important tool for 
early detection of local recurrence, distant metastases, 
and evaluation of therapy response. It can detect 
metabolic changes of cancer cell due to chemo or 
radiotherapy better than other imaging modalities like 
CT or MRI (5). In addition to anatomical changes 
metabolic changes provide more predictive value. This 
study was done to see the follow up results of patients 
with rectal carcinoma and impact of 

18
F-FDG PET/CT in 

management of rectal carcinoma patients. 

PATIENTS AND METHODS 

This retrospective study was done in PET/CT division of 
National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS). A total of 26 patients with rectal 
carcinoma were enrolled in this study who were referred 
to NINMAS from January 2021 to December 2022 for 
18

F-FDG PET/CT scan after obtaining proper 
permission. The study patients were informed about the 
nature and the purpose of the study. Confidentiality was 
maintained. Detailed history was taken. Data were 

collected in a predesigned format and findings of the 
scans were evaluated.  

Data processing and statistical analysis:

Collected data were analyzed using the Statistical 
Package for Social Sciences version 26.0 for Windows 
(SPSS Inc., Chicago, Illinois, USA). Quantitative data 
was provided as mean, standard deviations, and ranges. 
Chi-Square test was used to analyze the categorical 

variables. The confidence interval was set at 95% with a 

5% acceptable margin of error. A P-value <0.05 was 

considered statistically significant. 

RESULTS

A total of 26 patients were enrolled in this study (M = 13 

and F = 13), with ages ranging from 22 to 78 (47.69 +_ 

17.59) years (Table 1). Follow up period ranged from six 

months to five years. Histologically, adenocarcinoma was 

seen in 21 patients. Four patients had mucinous 

adenocarcinoma, two patients had papillary 

adenocarcinoma, and a carcinoid tumor was found in one 

patient. Among the 26 patients, three came prior to 

surgery; one after adjuvant radiotherapy; two after 

adjuvant chemo and radiotherapy to see therapy response; 

and 23 came after surgery either for evaluation or to see 

therapy response. Surgery included a) anterior resection 

and low anterior resection (n=12) b) abdominoperineal 

resection (n=4) c) intersphincteric resection (n=2) d) 

resection and anastomosis (n=4) and e) Hartman 

procedure (n=1) (Table 1). No evidence of metastasis was 

found in 17 (65.4%) patients. Other 9 (34.6%) patients 

showed metastases in following locations: a) only lung 

(n= 1), b) lung and lymph nodes (n=2), c) lung and liver 

(n=1), d) lung, liver and lymph nodes (n=1) e) only lymph 
nodes (n=2) f) skeletal metastases (n=1) and g) peritoneal 
metastases (n=1) (Table 2). No significant association was 
seen in males or females with metastases or sites of 
metastases; liver metastases were seen more in females 
than in males. (Table 2). No statistically significant 
association of metastases was observed with 
histopathology or treatment protocols either (Table 3 & 
4). CEA was found to be higher in patients with 
metastases and lower in patients who had no metastases 
(CEA average: 12.04 vs. 4.0).

Table-1: Demographic and disease characteristics of 
study subjects (n=26)

Table-2: F-18 FDG PET/CT findings according to 
gender in follow up patients of rectal carcinoma

Table 3: Relation of histopathology and F-18 FDG 
PET/CT scan findings of patients with rectal carcinoma

Table 4: Relation of treatment protocol with F-18 
FDG PET/CT findings in follow up patients with 
rectal carcinoma 

Figure 1: F-18 FDG PET CT image showing 
hypermetabolic metastatic lesions (arrow) at L5 vertebrae 
without any local recurrence in a) coronal b) sagittal c) 
axial hybrid PET/CT image and d) axial PET image 

Figure-2: F-18 FDG PET-CT scan axial image showing 
a) hypermetabolic eccentric rectal wall thickening 
(arrow) representing local recurrence b) hypermetabolic 
lesion in posterior segment of upper lobe of right lung c) 
another lesion in segment VIII of liver and d) enlarged 
hypermetabolic left common iliac lymph node 
representing metastases.

DISCUSSION

Colorectal cancer is the third-leading cause of cancer 
worldwide. Recurrence occurs in roughly one-third of 
patients during the first two years after surgery (6). 
18F-FDG PET/CT directly measures the metabolic 
activity of the cancer cell, thus playing a crucial role in 
the early detection of recurrence in patients with rectal 
carcinoma. It can detect metabolically active small LNs, 
local operative bed recurrence, small metastases, early 
skeletal deposits, and post-therapeutic evaluation of 
viable and non-viable malignant lesions.

This study was conducted on 26 patients with ages ranging 
from 22 to 78 years old and a mean SD of 47.69 +_ 17.59; 
they were 13 females (50%) and 13 males (50%). Based on 
lesion analysis, metastases were seen in 9 cases (34.62%) 
of the patient group. The study almost agreed with Hetta et 
al., who analyzed 60 instances and discovered that 22 
cases (36.7 percent of the total evaluated cases) developed 
a local recurrence, and 38 cases did not (63.3 percent of the 
total studied cases) (7,8).

In this study, the number of patients with local nodal 
involvement was 05 cases (19.23%). while 21 patients 
did not develop nodal metastatic deposits (80.77%). The 
findings are consistent with those of O'Connor et al., 
who found that on PET/CT, enlarged and non-enlarged 
FDG-positive lymph nodes can be seen in the mesentery, 
indicating the existence of regional lymph node 

metastases; this is shown when patients with rectal 
carcinoma are restaged (8, 9). While the specificity of 
FDG PET is 96%, it has been demonstrated to be only 
29% sensitive for local lymph node metastases from 
colorectal carcinoma (10,11). On PET/CT, enlarged and 
nonenlarged FDG-avid lymph nodes in the mesentery 
can be seen, indicating the existence of regional lymph 
node metastases; however, this is more frequently seen 
when CRC patients are restaged rather than when they 
are initially staged (12).

The end diagnosis of distant metastases in follow-up 
patients with rectal carcinoma was visible in nine 
individuals (34.62%) of the patient group based on lesion 
investigation. Patients with hepatic metastatic deposits 
accounted for 2 instances (7.7%); those with pulmonary 
nodular deposits accounted for 4 instances (15.39%); 
those with osseous deposits accounted for 1 instance 
(3.85%); and those with peritoneal deposits accounted 
for 1 instance (3.85%). So, 18F-FDG PET/CT  was found 
useful in detecting hepatic and extrahepatic metastases. 
These findings are compatible with those of Kijima et 
al., who found that FDG-PET and PET/CT have high 
accuracy for the detection and staging of liver lesions in 
CRC patients, with a combined sensitivity and 
specificity of 93 percent (13). In this study, females had 
a higher rate of 18F-FDG PET/CT detection of lymph 
nodes and hepatic metastases than males, with p-values 
of 0.641, and 0.586 respectively. These findings are not 
statistically significant which could be due to the small 
sample size. Elia et al. in their study showed that females 
had a statistically significantly higher rate of PET/CT 
detection of recurrence, local spread, and local lymph 
nodes than males, with p-values of 0.018, 0.018, and 
0.002, respectively, whereas there was no statistically 
significant relationship between gender of the studied 
patients and the other findings, which could be due to 
small sample size (9). This study is partially compatible 
with our study.

In this study, a higher rate of FDG PET/CT detection of 
metastases was seen in a patient with adenocarcinoma 
than in other histological types, though it was not 
statistically significant. Kijima et al. showed that the 
percentage of 18F-FDG PET/CT metastases detected in 
the adenocarcinoma group was statistically and 
significantly higher than in the mucinous group (65.4 

percent, p-value = 0.014). In this study, nine patients 
with rectal carcinoma showed a higher CEA level 
(average 12.04), and 17 patients were without 
metastases; their average CEA level was 4.0. Mittal et al. 
(14), who studied 73 patients with CRC (55 males and 18 
females; age range, 25 to 80 years), In 51 patients, rising 
CEA levels were found. 18F-FDG PET/CT scans were 
positive in 13 patients (3 with liver lesions, 5 with lymph 
node involvement, 2 with bone metastases, 1 with local 
recurrence in the urinary bladder wall, 1 with lymph 
node and liver metastases, and 1 with lymph node and 
bone metastases). 18F-FDG PET/CT is a viable approach 
in the evaluation of patients with rectal carcinoma and a 
normal CEA level who have a suspected recurrence or 
metastases (15). 

CONCLUSION

The development of 18F-FDG PET/CT has a 
considerable role in the follow-up of patients with rectal 
carcinoma. 18F-FDG PET/CT has a greater impact on the 
detection of sites of metastatic disease, either hepatic or 
extrahepatic, and on the detection of local recurrence.  
18F-FDG PET/CT alone can diagnose local recurrence 
due to abnormal FDG uptake, whereas serial 
conventional CTs are often required to characterize 
recurrence as they provide anatomical as well as 
metabolic details.
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5. Correlation between Acquired SUV and Calculated 
SUV with the Expression of Polynomial Curve Fitting 

A non-linear relation between acquired SUV and 
calculated SUV has been generated by polynomial curve 
fitting. The operation has been driven by MATLAB 
software using some particular built-in functions such as 
polyfit (), polyval (). Since the polynomial equation may 
have been associated with more than one degree, in this 
research different equations have been obtained on the 
basis of taking the degree of orders and determining 
their coefficients as well. The percentage of error has 
also been calculated by comparing their performances. 
Polynomial curve fitting in MATLAB was used in this 
study.Curve fitting is used to construct a curve or 
mathematical function. It provides the best fit to the 
series of data points. It can involve interpolation or 
smoothing. Each constraint on the graph can be a point 
of curvature. Angle and curvature can be added at the 
end of the curve. This phenomenon is called the end 
condition. Considering the equation for a polynomial 
curve, it is given as:

p(x)=p1xn+p2xn−1+...+pnx+pn+1

The nth order degree of the equation has n+1 number of 
coefficients.  

It is also possible to determine the expression of the 
higher degree of order and estimate the error because we 
have evaluated the mean percentage of error regarding 
the degree of polynomial curve fitting up to the sixth 
term. Klassen et al.(8) came to the conclusion that 
obtaining the coefficients for the greater degree of 
polynomial curve fitting is essentially impossible and 
that the higher degree of polynomial expression can be 
problematic if the number of samples is limited.

DATA ANALYSIS & RESULTS 

1. Evaluation of Patient’s demographics
A total of 11 patients were included, and their 
corresponding body weights (kg) and injected doses 
(mCi) were recorded as well. Among them, the highest 
recorded weight was 92 kg, and the injected dose (ID = 
8.22 mCi) of that particular patient was the highest as 
well. Each patient had at least one annotated image 
where the mean SUV was given on the image. To 
calculate the mean of SUV by using MATLAB, about 13 

images were initially taken (at least one annotated image 
of each patient and two extra images randomly). For 
evaluation the correction factors, the number of images 
was the same as the mean SUV calculation.

2.Data Analysis of Annotated mean SUV with Calculate 
mean SUV

  The major focusing point was to analyze and compare the 
SUV between the acquired (original) and calculated value. 
Since the SUV was calculated from 13 images by using 
MATLAB software, it's important to make a comparison 
of calculated value of in this study corresponding with the 
annotated value of the SUV. From the analysis of these 
images in MATLAB, Table 1 & a graph from Figure 3 of 
annotated and calculated mean SUV are given below:

Table 1: Quantitative list of Annotated SUV with the 
correspond values of Calculated SUV

Figure 3: Graphical representation of annotated (acquired) 
SUV and Calculated SUV. The red curve indicates the 
acquired SUVs arranged in descending order. The blue 
curve indicates the calculated SUV values with the response 
of acquired SUV at the same coordinate along x-axis.

The relationship had been provided with a smooth curve 
when the polynomial interpolation took place. Paul 
Nevai, et al. (9) had used spline cubic interpolation to 
calculate approximate results from the input variables 
and had given smoothness at the curve. In MATLAB 
software there is already a built-in function that is 
generated as a “Spline()” function to interpolate the 

proper data and provide a better relation from those variables. Thus, this particular operation was placed to apply 
spline cubic interpolation.It was clearly distinguished the nonlinear relation between the Annotated SUV values and 
Calculated SUV values from MATLAB.

4. Quantitative measurement of polynomial curve fitting

We have examined our result to correlate the calculated 
SUV with acquired SUV by using polynomial curve 
fitting. This is one of the most useful analysis tools that 
we can get the relationship between these response 
variables. The aim of using this curve fitting is to 

introduce a polynomial equation for these independent 
variables (annotated and calculated SUV values) to get 
the correlation more significantly and obtain the result 
within the tolerated range.

In our research, we built a code to express the 
polynomial curve fitting from 2nd degree to 6th degree 

consecutively in order to correlate our calculated SUV with the annotated SUV. The independent variable having 
existent coefficients is generated from the code. Here the independent variable that is considered as annotated SUV 
(defined as “x”) and the polynomial functions (defined as “y” in Table 2) represent the calculated SUV. However, 
each degree polynomial function provides optimum curve fitting as well as considerable coefficients. The results 
from 2nd to 6th degree of polynomial functions and the graphs are given below:

Figure 5: Polynomial expression with different degree of orders of calculated SUV with Annotated SUV. The 
calculated SUV above the graphs indicates along the X-axis & Annotated SUV indicates along the Y-axis

ABSTRACT

Introduction: F-18 Fluorodeoxyglucose Positron Emission Tomography 
(
18

F-FDG PET/CT) is a hybrid non-invasive imaging tool that integrates 
PET and CT into a single imaging device. It is used to detect and 
measure metabolic activity in a cancer cell and, hence, can provide 
anatomic and metabolic information. 

18
F-FDG PET/CT is useful for the 

detection of loco-regional recurrence, distant metastases, and monitoring 
therapy response in patients with rectal carcinoma. This study was done 
to see the usefulness of 

18
F-FDG PET/CT in the follow-up evaluation of 

patients with rectal carcinoma.

Materials and Methods: This retrospective study was done in the 
PET/CT division of the National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS) between January 2021 and December 2022. A total 
of 26 patients with rectal carcinoma, requested for an F-18 FDG PET-CT 
scan were enrolled in this study. Image findings were analyzed and 
properly documented in a predesigned format to evaluate the results. 

Results: Total 26 patients with an average age of 47.69 and a follow up 
period of 6 months to 5 years were enrolled in this study. Histologically 
adenocarcinoma was seen in 21 patients, four patients were mucinous, 
two were papillary, and carcinoid tumor was found in one patient. On 
PET/CT imaging, no metastases were found in 17 (65.4%) out of 26 
patients and metastases was seen in 9 (34.6%) patients. Among them 
four (44.5%) had lung, two (22.2%) had lymph nodes, one (11.1%) had 
liver and lymph node metastases, one (%11.1) had skeletal metastases, 
and one (11.1%) had peritoneal metastases. No significant association 
was observed with histopathology or treatment protocol. CEA was 
higher in patients with metastases and lower in those without.                                                                                 

Conclusion: 
18

F-FDG PET/CT is an effective tool in follow up patients 
with rectal carcinoma as it can accurately detect locoregional recurrence 
or distant metastases. 

Key words: Rectal carcinoma, F-18 FDG PET/CT, metastases, follow up.

Bangladesh J. Nucl. Med. Vol. 25 No. 2  2022

Doi:https://doi.org/10.3329/bjnm.v25i2.64646

INTRODUCTION 

Colorectal cancer is the world's third most common 
malignancy and the second leading cause of cancer-related 

death (1). In relation to incidence, in men it is behind lung 
and prostate carcinoma, and in women it is second after 
breast cancer. In relation to mortality, in men is behind 
lung, liver and stomach cancer and in female third in 
mortality following breast and lung carcinomas. 
Significant variation is seen in patients with rectal 
carcinoma like complete regression, stationary 
appearance, tumor progression during the treatment with 
variable rates of local recurrence (2,3). 

Five-year survival rate is about 60% despite proper 
surgical management in combination with chemotherapy 
and radiotherapy. Prognosis is better when recurrences 
are detected early (4). 

18
F-FDG PET/CT scan which is a 

non-invasive imaging modality is an important tool for 
early detection of local recurrence, distant metastases, 
and evaluation of therapy response. It can detect 
metabolic changes of cancer cell due to chemo or 
radiotherapy better than other imaging modalities like 
CT or MRI (5). In addition to anatomical changes 
metabolic changes provide more predictive value. This 
study was done to see the follow up results of patients 
with rectal carcinoma and impact of 

18
F-FDG PET/CT in 

management of rectal carcinoma patients. 

PATIENTS AND METHODS 

This retrospective study was done in PET/CT division of 
National Institute of Nuclear Medicine & Allied 
Sciences (NINMAS). A total of 26 patients with rectal 
carcinoma were enrolled in this study who were referred 
to NINMAS from January 2021 to December 2022 for 
18

F-FDG PET/CT scan after obtaining proper 
permission. The study patients were informed about the 
nature and the purpose of the study. Confidentiality was 
maintained. Detailed history was taken. Data were 

collected in a predesigned format and findings of the 
scans were evaluated.  

Data processing and statistical analysis:

Collected data were analyzed using the Statistical 
Package for Social Sciences version 26.0 for Windows 
(SPSS Inc., Chicago, Illinois, USA). Quantitative data 
was provided as mean, standard deviations, and ranges. 
Chi-Square test was used to analyze the categorical 

variables. The confidence interval was set at 95% with a 

5% acceptable margin of error. A P-value <0.05 was 

considered statistically significant. 

RESULTS

A total of 26 patients were enrolled in this study (M = 13 

and F = 13), with ages ranging from 22 to 78 (47.69 +_ 

17.59) years (Table 1). Follow up period ranged from six 

months to five years. Histologically, adenocarcinoma was 

seen in 21 patients. Four patients had mucinous 

adenocarcinoma, two patients had papillary 

adenocarcinoma, and a carcinoid tumor was found in one 

patient. Among the 26 patients, three came prior to 

surgery; one after adjuvant radiotherapy; two after 

adjuvant chemo and radiotherapy to see therapy response; 

and 23 came after surgery either for evaluation or to see 

therapy response. Surgery included a) anterior resection 

and low anterior resection (n=12) b) abdominoperineal 

resection (n=4) c) intersphincteric resection (n=2) d) 

resection and anastomosis (n=4) and e) Hartman 

procedure (n=1) (Table 1). No evidence of metastasis was 

found in 17 (65.4%) patients. Other 9 (34.6%) patients 

showed metastases in following locations: a) only lung 

(n= 1), b) lung and lymph nodes (n=2), c) lung and liver 

(n=1), d) lung, liver and lymph nodes (n=1) e) only lymph 
nodes (n=2) f) skeletal metastases (n=1) and g) peritoneal 
metastases (n=1) (Table 2). No significant association was 
seen in males or females with metastases or sites of 
metastases; liver metastases were seen more in females 
than in males. (Table 2). No statistically significant 
association of metastases was observed with 
histopathology or treatment protocols either (Table 3 & 
4). CEA was found to be higher in patients with 
metastases and lower in patients who had no metastases 
(CEA average: 12.04 vs. 4.0).

Table-1: Demographic and disease characteristics of 
study subjects (n=26)

Table-2: F-18 FDG PET/CT findings according to 
gender in follow up patients of rectal carcinoma

Table 3: Relation of histopathology and F-18 FDG 
PET/CT scan findings of patients with rectal carcinoma

Table 4: Relation of treatment protocol with F-18 
FDG PET/CT findings in follow up patients with 
rectal carcinoma 

Figure 1: F-18 FDG PET CT image showing 
hypermetabolic metastatic lesions (arrow) at L5 vertebrae 
without any local recurrence in a) coronal b) sagittal c) 
axial hybrid PET/CT image and d) axial PET image 

Figure-2: F-18 FDG PET-CT scan axial image showing 
a) hypermetabolic eccentric rectal wall thickening 
(arrow) representing local recurrence b) hypermetabolic 
lesion in posterior segment of upper lobe of right lung c) 
another lesion in segment VIII of liver and d) enlarged 
hypermetabolic left common iliac lymph node 
representing metastases.

DISCUSSION

Colorectal cancer is the third-leading cause of cancer 
worldwide. Recurrence occurs in roughly one-third of 
patients during the first two years after surgery (6). 
18F-FDG PET/CT directly measures the metabolic 
activity of the cancer cell, thus playing a crucial role in 
the early detection of recurrence in patients with rectal 
carcinoma. It can detect metabolically active small LNs, 
local operative bed recurrence, small metastases, early 
skeletal deposits, and post-therapeutic evaluation of 
viable and non-viable malignant lesions.

This study was conducted on 26 patients with ages ranging 
from 22 to 78 years old and a mean SD of 47.69 +_ 17.59; 
they were 13 females (50%) and 13 males (50%). Based on 
lesion analysis, metastases were seen in 9 cases (34.62%) 
of the patient group. The study almost agreed with Hetta et 
al., who analyzed 60 instances and discovered that 22 
cases (36.7 percent of the total evaluated cases) developed 
a local recurrence, and 38 cases did not (63.3 percent of the 
total studied cases) (7,8).

In this study, the number of patients with local nodal 
involvement was 05 cases (19.23%). while 21 patients 
did not develop nodal metastatic deposits (80.77%). The 
findings are consistent with those of O'Connor et al., 
who found that on PET/CT, enlarged and non-enlarged 
FDG-positive lymph nodes can be seen in the mesentery, 
indicating the existence of regional lymph node 

metastases; this is shown when patients with rectal 
carcinoma are restaged (8, 9). While the specificity of 
FDG PET is 96%, it has been demonstrated to be only 
29% sensitive for local lymph node metastases from 
colorectal carcinoma (10,11). On PET/CT, enlarged and 
nonenlarged FDG-avid lymph nodes in the mesentery 
can be seen, indicating the existence of regional lymph 
node metastases; however, this is more frequently seen 
when CRC patients are restaged rather than when they 
are initially staged (12).

The end diagnosis of distant metastases in follow-up 
patients with rectal carcinoma was visible in nine 
individuals (34.62%) of the patient group based on lesion 
investigation. Patients with hepatic metastatic deposits 
accounted for 2 instances (7.7%); those with pulmonary 
nodular deposits accounted for 4 instances (15.39%); 
those with osseous deposits accounted for 1 instance 
(3.85%); and those with peritoneal deposits accounted 
for 1 instance (3.85%). So, 18F-FDG PET/CT  was found 
useful in detecting hepatic and extrahepatic metastases. 
These findings are compatible with those of Kijima et 
al., who found that FDG-PET and PET/CT have high 
accuracy for the detection and staging of liver lesions in 
CRC patients, with a combined sensitivity and 
specificity of 93 percent (13). In this study, females had 
a higher rate of 18F-FDG PET/CT detection of lymph 
nodes and hepatic metastases than males, with p-values 
of 0.641, and 0.586 respectively. These findings are not 
statistically significant which could be due to the small 
sample size. Elia et al. in their study showed that females 
had a statistically significantly higher rate of PET/CT 
detection of recurrence, local spread, and local lymph 
nodes than males, with p-values of 0.018, 0.018, and 
0.002, respectively, whereas there was no statistically 
significant relationship between gender of the studied 
patients and the other findings, which could be due to 
small sample size (9). This study is partially compatible 
with our study.

In this study, a higher rate of FDG PET/CT detection of 
metastases was seen in a patient with adenocarcinoma 
than in other histological types, though it was not 
statistically significant. Kijima et al. showed that the 
percentage of 18F-FDG PET/CT metastases detected in 
the adenocarcinoma group was statistically and 
significantly higher than in the mucinous group (65.4 

percent, p-value = 0.014). In this study, nine patients 
with rectal carcinoma showed a higher CEA level 
(average 12.04), and 17 patients were without 
metastases; their average CEA level was 4.0. Mittal et al. 
(14), who studied 73 patients with CRC (55 males and 18 
females; age range, 25 to 80 years), In 51 patients, rising 
CEA levels were found. 18F-FDG PET/CT scans were 
positive in 13 patients (3 with liver lesions, 5 with lymph 
node involvement, 2 with bone metastases, 1 with local 
recurrence in the urinary bladder wall, 1 with lymph 
node and liver metastases, and 1 with lymph node and 
bone metastases). 18F-FDG PET/CT is a viable approach 
in the evaluation of patients with rectal carcinoma and a 
normal CEA level who have a suspected recurrence or 
metastases (15). 

CONCLUSION

The development of 18F-FDG PET/CT has a 
considerable role in the follow-up of patients with rectal 
carcinoma. 18F-FDG PET/CT has a greater impact on the 
detection of sites of metastatic disease, either hepatic or 
extrahepatic, and on the detection of local recurrence.  
18F-FDG PET/CT alone can diagnose local recurrence 
due to abnormal FDG uptake, whereas serial 
conventional CTs are often required to characterize 
recurrence as they provide anatomical as well as 
metabolic details.
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ABSTRACT
Introduction: Coronary artery disease (CAD) is the most common 
chronic macrovascular complication of diabetes mellitus. Diabetic 
patients have a high incidence of silent ischemia and MI due to 
autonomic neuropathy. SPECT imaging is a well-established, 
non-invasive procedure that offers perfusion and functional information 
for diagnosis and risk stratification, facilitating the early detection of 
CAD. Objective: To detect myocardial perfusion abnormality by 
SPECT-MPI in type 2 diabetic patients without symptoms of CAD. 
Methods:  A total of eighteen diabetic patients with no history of typical 
CAD, with or without risk factors, underwent gated SPECT-MPI using 
99mTc-sestaMIBI. A single-day stress–rest protocol with adenosine was 
done in each patient. Result: Six out of eighteen patients (33.3%) showed 
abnormal scans suggestive of myocardial ischemia or infarction. Four of 
these patients had reversible perfusion defects, one had a fixed perfusion 
defect, and one had a mixed defect. Among these patients, single vessel 
territory was involved in three patients, and three patients had 
involvement in double vessel territories. Regarding the summed stress 
score (SSS) value, most of the patients (four) had mild risk, whereas 
moderate and severe risk of a future cardiac event were observed in one 
patient each. In addition, two patients had left ventricular dysfunction 
(EF< 45%). Five patients with normal MPI and two patients with 
abnormal myocardial perfusion scans had high transient ischemic 
dilatation (TID). Risk factors such as male sex, hypertension, 
hyperlipidemia, obesity, and family history of CAD were not 
significantly correlated with abnormal scans. But abnormal scans were 
significantly related to a longer duration of diabetes (P = 0.038). 
Conclusion: This study showed that despite being asymptomatic, a 
considerable portion of diabetic patients had perfusion abnormalities, not 
just ischemia but also infarctions. Moreover, some of these patients are at 
high risk for future cardiac events as assessed by SSS, TID, and LVEF.

Key words: Silent myocardial ischemia, Diabetes mellitus, Gated SPECT MPI
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INTRODUCTION 

Coronary artery disease (CAD), the most common 
chronic macrovascular complication of diabetes 
mellitus, is the leading cause of morbidity and mortality 

in diabetic individuals (1). Around 80% of diabetic 
individuals die from cardiovascular disease, with 
coronary artery disease accounting for 75% of these 
deaths (2). Coronary heart disease (CHD) with type 2 
diabetes may present without warning as an acute 
myocardial infarction (AMI), heart failure, arrhythmia, 
or sudden death. The existence of type 2 diabetes 
mellitus increases mortality in AMI and heart failure, 
highlighting the potential value of identifying high-risk 
asymptomatic individuals (3, 4). An additional feature 
of CAD in these patients is that they may have atypical 
symptoms or be asymptomatic, a condition referred to 
as silent or asymptomatic myocardial ischemia (4). 
Autonomic neuropathy influences myocardial blood 
flow, a well-known complication of diabetes that can 
produce perfusion abnormalities (5). The reported 
prevalence of silent ischemia in diabetic patients ranged 
from 6% to 59% in different studies (6–11).

Myocardial perfusion scintigraphy has been a popular 
technique for evaluating CAD since the inception of 
clinical nuclear cardiology. Various studies have 
specifically proven its prognostic efficacy in patients with 
diabetes (12). In studies comparing myocardial perfusion 
imaging and stress echocardiography, myocardial 
perfusion imaging was found to have a superior sensitivity 
for detecting multi-vessel and single vessel coronary 
artery disease (13). Moreover, perfusion abnormalities on 
SPECT imaging frequently denote more extensive and 
severe ischemia than predicted by coronary angiography 
(14). Quantitative gated SPECT-MPI is a powerful 
diagnostic modality being used for risk stratification and 
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the determination of prognosis in CAD. Stress myocardial 
perfusion imaging (MPI) may be explored for advanced 

cardiovascular risk assessment in asymptomatic persons 

with diabetes, according to the American College of 

Cardiology (ACC) practice guidelines (class IIb). The 

European Society of Cardiology has proposed a similar 

degree of recommendation (class IIb) for screening 

selected high-risk diabetic individuals for the prevalence 

of silent MI (15). 

Given the poorer prognosis of CAD in the diabetic 

population, earlier detection may help reduce mortality 

and morbidity. So, the early, accurate diagnosis of CAD in 

patients with diabetes is very much needed, and reliable 

prognostication is mandatory. Finally, no study has been 

conducted in our country to date for the noninvasive 

assessment of myocardial perfusion abnormality by 

SPECT-MPI in type 2 diabetic patients with no symptoms 

of coronary artery disease. This study aims to detect 

myocardial perfusion abnormalities by SPECT-MPI in 

patients with diabetes mellitus (DM) who have no 

symptoms of CAD, with the objective of augmenting 

early interventional therapy, developing patient awareness 

about atypical signs of myocardial infarct, and complying 

with risk factor modification regimens.

PATIENTS AND METHODS

A cross-sectional observational study was conducted in 

the National Institute of Nuclear Medicine & Allied 

Sciences (NINMAS), BSMMU campus, Shahbagh, 

Dhaka, from March 2020 to June 2021 as a fulfillment 

of the requirement of an MD (residency) degree in 

nuclear medicine under Bangabandhu Sheikh Mujib 

Medical University (BSMMU). Ethical approval was 

obtained from the Medical Research Ethics Committee 

(MREC) of NINMAS. Informed written consent was 

obtained from the study subjects with strict 

confidentiality of the procedure and study results. Type 

2 diabetic patients referred to the nuclear cardiology 

division of NINMAS for screening of CAD with no 

current symptoms of CAD were selected for the study. 

Eighteen type 2 diabetes mellitus participated in the 

study and their age, gender, diabetes duration, and risk 

factors (hypertension, dyslipidemia, smoking, family 

history of IHD) were documented. SPECT MPI was 

performed to note normal MPI, reversible perfusion 

defect, fixed perfusion defect, transient ischemic 

dilatation (TID), LVEF, wall motion abnormality, 

summed stress score (SSS), and summed difference 

score (SDS).

Study procedure

An individual patient's data, including case history (age 

at onset of diabetes, duration of diabetes, current 

medication), risk factors (i.e., smoking, obesity, 
hypertension, dyslipidemia), and family history of IHD 
for the patient, were recorded. Predetermined data 
collection sheets, supplemented by documentary 
evidence, were used. After a thorough medical history 
and clinical examination of the patient, ECG, 
echocardiography, and gated SPECT (GSPECT) MPI 
were done. For GSPECT-MPI, a one-day stress-rest 
protocol was followed, and pharmacological stress was 
done by injection of adenosine at a dose of 140 g/kg 
body weight per minute for 6 minutes. The 
radiopharmaceutical 

99m
Tc-sestamibi was injected both 

at stress (7–10 mCi) and rest (15–25 mCi). SPECT 
image acquisition was done approximately 30–90 
minutes after radiopharmaceutical injection, both under 
stress and at rest. After getting the GSPECT MPI report, 
enrolled subjects were divided into two groups: Normal 
myocardial perfusion: normal SPECT MPI (Group I); 
and presence of a myocardial perfusion defect: 
abnormal SPECT MPI (Group II). Analysis was done to 
see the effect of independent variables (age, sex, 
duration of diabetes, and risk factors) on dependent 
variables (normal and abnormal MPI reports).

Statistical analysis

Collected data was analyzed by using computer based 
programmed Statistical Package for Social Sciences 
(SPSS) software (Version - 26) for Windows (SPSS Inc., 
Chicago, Illinois, USA). Qualitative variables were 
expressed as frequencies, percentages. Quantitative 
variables were expressed as mean ± standard deviation. 

Result of significance has been expressed as p-value and 

statistical analysis was performed by Chi-square/unpaired 

t-test and a value p<0.05 was considered as statistically 
significant.

RESULTS

A total of 18 diabetic patients (M = 15, F = 3), aged 
between 42 and 73 (59.38±10.22) years, had a history of 
type 2 DM for a period of 4 to 15 (8.22±2.88) years). 
Four patients had diabetes for less than five years, while 
14 had it for more than five years. About 77.8% (14 
patients) were on treatment with an oral hypoglycemic 
agent (OHA), and the rest of the 22.2% (4 patients) were 
on insulin (Table 1). Table 1 depicts the distribution of 
the study population based on risk factors. A significant 
number of patients (55.5%) were former smokers, with 
66.7% hypertensive, 55.6% dyslipidemic, and 55.6% 
having a family history of IHD. Fourteen patients 
(77.8%) had a normal BMI, and four (22.2%) were 
overweight.

Table 1: Distribution of the study population by risk 
factors (n=18).

Among the 18 patients who underwent gated MPI, 12 
had normal myocardial perfusion (Group I), and six 
showed abnormal myocardial perfusion, suggesting 
ischemia or infarction (Group II).

Out of six patients with abnormal MPI findings, four had 
a reversible perfusion defect, one had a fixed defect, and 
one patient had both a reversible and a fixed defect. One 
patient had less than 10% myocardial involvement, four 
patients had more than 10%–20%, and one patient had 
more than 20% myocardial involvement. Three of these 
patients had single vessel territory involvement (two in 
the RCA and one in the LCX), while the other three had 
double vessel territory involvement (LAD and LCX). 

Among the six patients in Group I risk stratification was 
done by SSS, SDS and LVEF. It was observed that four 
patients had mild risk (SSS 4-8) followed by one 
moderate risk (SSS 9-13) and one severe risk (SSS > 13) 
of a future cardiac event. Two patients had mild (SDS 
2-4), one patient had moderate ischemia (SDS 5-8) and 
two patients had severe ischemia (SDS >8). One patient 
had fixed defect or MI (SDS 0). In this group, four 
patients had normal LVEF (>45%) and two patients had 
low LVEF (<45%).

A comparison of the patients by demographic 
characteristics like age and gender is shown in Table 2. 
It was observed that there was no statistically significant 
(p>0.05) difference in terms of demographic 
characteristics between the two groups.

Table 2: Comparison of the study population according 
to demographic characteristics and GSPECT-MPI 
findings (n=18).

Table 3 shows the comparison between risk factors and 

patients with normal (Group I) and abnormal (Group II) 

myocardial perfusion. There was no statistically 

significant (p > 0.05) difference between the two groups 

in terms of smoking, BMI, HTN, dyslipidemia, and 

family history of IHD.

Table 4 shows the comparison between MPI findings and 

diabetes status. The mean duration of diabetes was 

7.25±2.09 years in group I and 10.17±3.43 years in group II.

Table 3: Comparison of the study population according 
to SPECT-MPI and risk factors (n=18)

The difference was statistically significant (P=0.038). 
More than eighty percent (83.3%) of patients were on 
treatment with OHA in group I and 04 (66.7%) in group II. 
The difference was not statistically significant.

Table 4: Comparison of the study population according 
to SPECT-MPI findings & diabetes status (n=18).

Table 5 shows comparison of study population by TID in 
SPECT-MPI findings. It was observed that total 07 (38.8%) 
out of 18 patients had high TID. More than half (58.3%) of 
the patients had normal TID in group I and 04 (66.7%) in 
group II. High TID (>1.1) was seen in 41.7% of patients of 
group I and 33.3% of patients of group II. The difference was 
not statistically significant (p>0.05) between the two groups.

Table 5: Comparison of the study population by TID (n=18).

Table 6 shows comparison between the two groups 
according to wall motion abnormality seen in 
GSPECT-MPI test. It was observed that total 04 (22.2%) 
patients out of 18 patients had abnormal wall motion. 
Ten (83.3%) patients had normal wall motion in group I 
and 04 (66.7%) in group II. Two patients had wall 
motion abnormality both in group I and II. The 
difference was not statistically significant (p>0.05) 
between the two groups.

Table 6: Comparison of the study population by wall 
motion abnormality (n=18).

Table 7 shows the distribution of the study population by 
ECG. Hundred percent (100.0%) patients had normal 
ECG in group I and 05 (83.3%) in group II. The 
difference was not statistically significant (p>0.05) 
between the two groups.

Table 7: Comparison of the patients by baseline ECG (n=18).

Table 8 shows comparison of the patients by 
echocardiography. More than ninety percent (91.7%) of 
patients had normal echocardiography in group I and 
83.3% in group II. Only two patients had abnormal wall 
motion in echocardiography, one in each group. The 
difference was not statistically significant (p>0.05) 
between the two groups.

Table 8: Comparison of the patients by echocardiography 
(n=18).

DISCUSSION

Noninvasive testing has been utilized in an attempt to 
identify asymptomatic diabetic patients with silent 
coronary artery disease. There are various diagnostic 
tests to diagnose CAD, but they all have their own 
limitations. The large volume of evidence supporting the 
prognostic value of gated SPECT MPI renders it 
particularly appealing for screening asymptomatic DM 
patients (16). The diagnostic accuracy of exercise, 
dipyridamole, adenosine, and dobutamine myocardial 
perfusion imaging in detecting >50% coronary stenosis 
defined angiographically ranges from 69% to 96%, 77% 
to 97%, 80% to 95%, and 66% to 94%, respectively (17).

In this study, six diabetic patients (33.3%) had evidence 
of asymptomatic myocardial perfusion abnormalities. 
Most of the perfusion abnormalities were reversible 
defects that could pose an increased risk for future 
adverse cardiovascular events. The prevalence of 
abnormal myocardial perfusion in asymptomatic 
diabetes was within the reported range of 17% to 59% 
(6–11, 18, 19).

The perfusion abnormalities detected in this study are 
quite similar to those detected in the studies performed by 
Salehi et al., (2015) (37.7%) (12), Al Humaidet al., (2007) 
(37%) (20), and Valensi et al., (2005) (30.7%) (19). Our 
study's prevalence of myocardial perfusion defects is 
similar to that reported in the Detection of Ischemia in 
Asymptomatic Diabetics (DIAD) study (22%), as well as 
the study by De Lorenzo et al. (2002) (26%), both of 
which used SPECT to evaluate asymptomatic ischemia in 
diabetic patients. In the DIAD study, the largest study on 
this topic to date, 1123 patients with type 2 diabetes 
mellitus (T2DM), aged 50–75 years, with no known or 
suspected CAD, were assigned to stress testing. A total of 
22% of patients had silent ischemia, including 83 with 
regional myocardial perfusion abnormalities and 30 with 
normal perfusion but other abnormalities (i.e., 
adenosine-induced ST-segment depression, ventricular 
dilation, or rest ventricular dysfunction). Moderate or 
large perfusion defects were present in 33 patients (5.8%). 
The DIAD study identified abnormal Valsalva, male sex, 
and diabetes duration, but not traditional cardiac risk 
factors or inflammatory and prothrombotic markers, as 
predictors for abnormal tests (8).

In retrospective database analyses of patients with 
diabetes referred for stress testing, a high prevalence 
(41–58%) of abnormal stress myocardial perfusion 
imaging and a high cardiac event rate were found (10, 
22, 23) probably due to the inclusion of both 
symptomatic and asymptomatic diabetic patients.

Despite the fact that diabetes raises the relative 
cardiovascular risk in women more than in men, males 
still have a higher absolute risk of cardiovascular events 
than women (24). Although a larger percentage of men in 
our population had silent ischemia compared to women 
(none among the three), the difference was not 
significant. However, male sex was a strong predictor of 
abnormal scans in studies with a larger number of 
participants (1, 8, 10, 21).

The findings that age was not associated with the 
occurrence of silent ischemia in this study are supported 
by earlier studies (1, 8). However, in two other separate 
studies, silent ischemia was found in older patients (10, 
19). According to Chaowalit et al. (2006), the prevalence 
of inducible ischemia is significantly higher in patients 
with type 2 diabetes over the age of 65 (25). In this 
current study, no association of age with silent ischemia 
was found, probably due to the small sample size.

Multiple cardiac risk factors are common in patients with 
T2DM, including hypertension, dyslipidemia, inactivity, 
smoking, and obesity. Multiple risk factors in the same 
patient substantially increase the overall cardiovascular 
risk (26). Conventional risk factors such as smoking, 
hypertension, hyperlipidemia, and obesity were not 
predictive of silent ischemia in our study, supporting 
earlier findings (8, 12).

The observation in this study that patients with a history 
of diabetes >10 years were linked to more abnormal 
scans is supported by prior research performed by Anand 
et al. (2006) (27) and Wackers et al. (2004) (8). DIAD 
study found strong association between moderate or 
large perfusion abnormalities with symptoms of 
autonomic neuropathy, but such association was not 
evaluated in this study.

It should be noted that in the present study, the perfusion 
defects were classified as small, medium, and large, 
corresponding to the involvement of <10%, 10–20%, 
and > 20% of the LV myocardium, respectively. Overall, 

almost 2/3 of the abnormalities found in this study were 
moderate, which is similar to the study performed by 
Deepti et al. (2018) (4). This is in contrast to the DIAD 
study (8) in which the majority of defects were small 
(defined as involvement of <5% of the LV myocardium), 
which was consistent with the notion that asymptomatic 
ischemia is associated with less extensive CAD.

The study subjects were categorized by transient 
ischemic dilatation in SPECT-MPI evaluation, with 
38.8% having high TID, which might be attributed to the 
presence of subendocardial or balanced ischemia. In 
another study, it was shown that TID in diabetic patients 
without regional myocardial perfusion abnormalities is 
an important sign of CAD, especially when the TID ratio 
exceeds 1.16 (12). This means that patients with 
asymptomatic diabetes have not only higher abnormal 
perfusion but also ventricular functional compromise. 

Wall motion abnormalities and low LVEF (45%) were two 
significant findings of this study, which was observed in 
patients of both normal and abnormal SPECT-MPI but 
other research did not assess these points.

CONCLUSION

This study showed that a significant portion of patients 
had myocardial perfusion defects that not only caused 
ischemia but also infarctions, though they were 
asymptomatic. It is expected that asymptomatic patients 
should have small perfusion defects, but the current 
study showed that most of the patients had 
moderate-sized perfusion defects. This study also 
showed that perfusion abnormalities are significantly 
related to the long duration of diabetes. Moreover, some 
of these patients are at high risk for future cardiac events 
as assessed by SSS, TID, and LVEF. This study indicates 
that gated SPECT-MPI can facilitate the early detection 
of the frequency and extent of myocardial perfusion 
abnormalities in asymptomatic patients with long-term 
diabetes who are at risk for future adverse cardiac events. 
Assessment of diabetic patients for silent ischemia by 
SPECT-MPI may result in early initiation and more 
aggressive risk factor intervention. Further studies with 
larger patient groups are necessary to compare the 
prevalence of silent ischemia in diabetic patients with 
that in the normal population.

REFERENCES 
1. Araz, M., Celen, Z., Akdemir, I. and Okan, V., 2004. Frequency 

of silent myocardial ischemia in type 2 diabetic patients and the 
relation with poor glycemic control. Acta diabetologica, 41(2), 
pp.38-43.

2. American Diabetes Association, 1998. Consensus development 
conference on the diagnosis of coronary heart disease in people 
with diabetes: 10–11 February 1998, Miami, Florida. Diabetes 
Care, 21(9), pp.1551-1559.

3. Rutter, M.K., Wahid, S.T., McComb, J.M. and Marshall, S.M., 
2002. Significance of silent ischemia andmicroalbuminuria in 
predicting coronaryevents in asymptomatic patients with type 2 
diabetes. Journal of the American College of Cardiology, 40(1), 
pp.56-61.

4. Deepti, S., Roy, A., Patel, C.D., Tandon, N., Naik, N., Singh, S., 
Sharma, G. and Bahl, V.K., 2018. Assessment of asymptomatic 
ischemic heart disease using stress myocardial perfusion imaging 
in patients with type 2 diabetes mellitus. Indian heart journal, 70, 
pp. S157-S160.

5. Di Carli, M.F., Bianco-Batlles, D., Landa, M.E., Kazmers, A., 
Groehn, H., Muzik, O. and Grunberger, G., 1999. Effects of 
autonomic neuropathy on coronary blood flow in patients with 
diabetes mellitus. Circulation, 100(8), pp.813-819.

6. Milan study on atherosclerosis and diabetes (MiSAD) group. 
(1997). Prevalence of Unrecognized Silent Myocardial Ischemia 
and Its Association with Atherosclerotic Risk Factors in. 
American Journal of Cardiology, 134–139.

7. Miller, T.D., Rajagopalan, N., Hodge, D.O., Frye, R.L. and 
Gibbons, R.J., 2004. Yield of stress single-photon emission 
computed tomography in asymptomatic patients with diabetes. 
American heart journal, 147(5), pp.890-896.

8. Wackers, F.J.T., Young, L.H., Inzucchi, S.E., Chyun, D.A., 
Davey, J.A., Barrett, E.J., Taillefer, R., Wittlin, S.D., Heller, 
G.V., Filipchuk, N. and Engel, S., 2004. Detection of Silent 
Myocardial Ischemia in Asymptomatic Diabetic Subjects. 
Diabetes care, 27(8):1954-61.

9. Zellweger, M.J., Hachamovitch, R., Kang, X., Hayes, S.W., 
Friedman, J.D., Germano, G., Pfisterer, M.E. and Berman, D.S., 
2004. Prognostic relevance of symptoms versus objective 
evidence of coronary artery disease in diabetic patients. 
European heart journal, 25(7), pp.543-550.

10. Rajagopalan, N., Miller, T.D., Hodge, D.O., Frye, R.L. and 
Gibbons, R.J., 2005. Identifying high-risk asymptomatic diabetic 
patients who are candidates for screening stress single-photon 
emission computed tomography imaging. Journal of the 
American College of Cardiology, 45(1), pp.43-49.

11. Scognamiglio, R., Negut, C., Ramondo, A., Tiengo, A. and 
Avogaro, A., 2006. Detection of coronary artery disease in 
asymptomatic patients with type 2 diabetes mellitus. Journal of 
the American College of Cardiology, 47(1), pp.65-71.

12. Salehi, Y., Fard-Esfahani, A., Fallahi, B., Aghahosseini, F., 
Beiki, D., Emami-Ardekani, A., Fard-Esfahani, P., Ansari, M. 
and Eftekhari, M., 2015. The myocardial perfusion scintigraphy 
in asymptomatic diabetic patients. Iranian Journal of Nuclear 
Medicine, 23(1), pp.27-35.

13. Schinkel, A.F.L., Bax, J.J., Geleijnse, M.L., Boersma, E., 
Elhendy, A., Roelandt, J.R.T.C. and Poldermans, D., 2003. 
Noninvasive evaluation of ischaemic heart disease: myocardial 

perfusion imaging or stress echocardiography? European heart 
journal, 24(9), pp.789-800.

14. Di Carli, M.F. and Hachamovitch, R., 2005. Should we screen 
for occult coronary artery disease among asymptomatic patients 
with diabetes. Journal of the American college of cardiology, 
45(1), pp.50-53.

15. Özdemir, E., Polat, Ş.B., Yıldırım, N., Türkölmez, Ş., Ersoy, R., 
Durmaz, T., Keleş, T., Bozkurt, E. and Çakır, B., 2016. 
Evaluation of Silent Myocardial Ischemia with Single-Photon 
Emission Computed Tomography/Computed Tomography in 
Asymptomatic Subjects with Diabetes and Pre-Diabetes. 
Molecular imaging and radionuclide therapy, 25(2), p.70.

16. Budoff, M.J., Raggi, P., Beller, G.A., Berman, D.S., Druz, R.S., 
Malik, S., Rigolin, V.H., Weigold, W.G., Soman, P. and Imaging 
Council of the American College of Cardiology, 2016. 
Noninvasive cardiovascular risk assessment of the asymptomatic 
diabetic patient: The Imaging Council of the American College 
of Cardiology. JACC: Cardiovascular Imaging, 9(2), 
pp.176-192.

17. Underwood, S.R., Anagnostopoulos, C., Cerqueira, M., Ell, P.J., 
Flint, E.J., Harbinson, M., Kelion, A.D., Al-Mohammad, A., 
Prvulovich, E.M., Shaw, L.J. and Tweddel, A.C., 2004. 
Myocardial perfusion scintigraphy: the evidence. European 
journal of nuclear medicine and molecular imaging, 31(2), 
pp.261-291.

18. Langer, A., Freeman, M.R., Josse, R.G., Steiner, G. and 
Armstrong, P.W., 1991. Detection of silent myocardial ischemia 
in diabetes mellitus. The American journal of cardiology, 67(13), 
pp.1073-1078. 

19. Valensi, P., Pariès, J., Brulport-Cerisier, V., Torremocha, F., 
Sachs, R.N., Vanzetto, G., Cosson, E., Lormeau, B., Attali, J.R., 
Maréchaud, R. and Estour, B., 2005. Predictive value of silent 
myocardial ischemia for cardiac events in diabetic patients: 
influence of age in a French multicenter study. Diabetes care, 
28(11), pp.2722-2727.

20. Al-Humaidi, G., Sarikaya, I., Elgazzar, A.H. and Owunwanne, 
A., 2018. Myocardial perfusion abnormalities in asymptomatic 
type 2 diabetic patients. Journal of the Saudi Heart Association, 
30(1), pp.3-8.

21. De Lorenzo, A., Lima, R.S., Siqueira-Filho, A.G. and Pantoja, 
M.R., 2002. Prevalence and prognostic value of perfusion 
defects detected by stress technetium-99m sestamibi myocardial 
perfusion single-photon emission computed tomography in 
asymptomatic patients with diabetes mellitus and no known 
coronary artery disease. The American journal of cardiology, 
90(8), pp.827-832.

22. Kang, X., Berman, D.S., Lewin, H., Miranda, R., Erel, J., 
Friedman, J.D. and Amanullah, A.M., 1999. Comparative ability 
of myocardial perfusion single-photon emission computed 
tomography to detect coronary artery disease in patients with and 
without diabetes mellitus. American heart journal, 137(5), 
pp.949-957.

23. Giri, S., Shaw, L.J., Murthy, D.R., Travin, M.I., Miller, D.D., 
Hachamovitch, R., Borges-Neto, S., Berman, D.S., Waters, D.D. 
and Heller, G.V., 2002. Impact of diabetes on the risk 
stratification using stress single-photon emission computed 
tomography myocardial perfusion imaging in patients with 
symptoms suggestive of coronary artery disease. Circulation, 
105(1), pp.32-40.

24. Abbott, R.D., Donahue, R.P., Kannel, W.B. and Wilson, P.W., 
1988. The impact of diabetes on survival following myocardial 
infarction in men vs women: the Framingham Study. Jama, 
260(23), pp.3456-3460.

25. Chaowalit, N., Arruda, A.L., McCully, R.B., Bailey, K.R. and 
Pellikka, P.A., 2006. Dobutamine stress echocardiography in 
patients with diabetes mellitus: enhanced prognostic prediction 
using a simple risk score. Journal of the American College of 
Cardiology, 47(5), pp.1029-1036.

26. Stamler, J., Caggiula, A., Grandits, G.A., Kjelsberg, M. and 
Cutler, J.A., 1996. Relationship to blood pressure of 
combinations of dietary macronutrients: findings of the Multiple 
Risk Factor Intervention Trial (MRFIT). Circulation, 94(10), 
pp.2417-2423.

27. Anand, D.V., Lim, E., Lahiri, A. and Bax, J.J., 2006. The role of 
non-invasive imaging in the risk stratification of asymptomatic 
diabetic subjects. European heart journal, 27(8), pp.905-912.


