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Introduction n 

Inn adults, 111-lndium-Antimyosin (111-ln-AM) scintigraphy can detect myocardial 

damagee in patients with myocardial infarction, myocarditis, cardiomyopathy, cardiac 

rejectionn after heart transplantation, and cardiac dysfunction due to anthracycline.1-4 

Antimyosinn binds to intracellular myosin only when damage to myocytes causes 

sarcolemnall disruption.5 The cardiac uptake of 111-ln-AM can be determined 

qualitatively,, by visually assessing 111-ln-AM uptake in the myocardium, and 

quantitatively,, by measuring the heart-to-lung ratio (HLR) of 111-ln-AM uptake. In 

adults,, an abnormal uptake of the tracer in the heart is defined as an HLR higher than 

1.58.3'6 6 

Althoughh two studies have reported on the intra- and inter-observer variability of the 

analysiss of 111-ln AM scintigrams in adults, a high correlation does not necessarily mean 

aa high agreement.6,7-8 We do not know of studies in which the agreement between 

differentt measurements and observers was investigated. 111-ln AM scintigraphy has 

beenn used in children to detect heart damage caused by anthracycline therapy, but little 

iss known about the reproducibility of the assessment of 111 -In AM scintigrams of 

children.9 9 

Thee present study was performed to evaluate the intra-and inter-observer agreement of 

thee assessment of 111-ln AM scintigrams in children and young adults, and to determine 

whetherr the magnitude of the standard deviation of the measurement is clinically 

relevant. . 

Methods s 

Patients s 

Twenty-sevenn 111-ln AM scintigrams were recorded from 23 patients for four clinical 

indications:: 1/a baseline scintigraphy before anthracycline therapy in order to evaluate 

cardiotoxicityy (4 scintigrams); 2/ during follow up of anthracycline therapy to evaluate 

cardiotoxicityy (9 scintigrams); 3/detection of myocarditis (6 scintigrams); 4/detection of 

metastasiss in rhabdomyosarcoma (8 scintigrams). In 4 patients two scintigrams were for 

twoo different indications. The mean age of the patients was 10.2 years (range: 1 month 

too 25 years). Two patients were older than 18 years. (Table 1) 

Antimyosinn scintigraphy 

Antimyosinn scintigraphy was performed using 111-lndium Chloride in 0,5 mg R11-D10-

Fab-DTPAA (Mallinckrodt Medical B.V., Petten, The Netherlands). The administered activity 

wass 40 MBq in children younger than 10 years, 60 MBq in children aged between 10 and 

144 years, and 80 MBq in children older than 14 years. Scintigraphy was performed after 
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Tablee 1 Data of the assessments of 27 111-Indium Antimyosin Scintigraphic Studies of 23 

patients s 

Patient t 

No o 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 
7 7 

8 8 

9 9 

10 0 

11 1 

12 2 

13 3 
14 4 

15 5 

16 6 
17 7 

18 8 

19 9 

20 0 
21 1 

22 2 

23 3 

Indicationn for 

AMM scintigraphy* 

1/2 2 

1/2 2 
2/2 2 

2/2 2 
1 1 

1 1 

2 2 

2 2 
2 2 

3 3 

3 3 
3 3 

3 3 

3 3 

3 3 

4 4 

4 4 

4 4 
4 4 

4 4 

4 4 

4 4 
4 4 

A A 

8/1 1 

9/2 2 

1/9 9 
3/3 3 

3 3 

10 0 

Qualitativee assessment 

example e 

0 0 

0 0 

0 0 
example e 

5 5 

0 0 
3 3 

10 0 

2 2 

10 0 

10 0 
5 5 

9 9 

2 2 

9 9 

9 9 

(No)f f 

B B 

1/7 7 

1/7 7 

7/1 1 

7/6 6 

5 5 

0 0 

groupp C 

2 2 

1 1 

2 2 

groupp A 

5 5 
4 4 

6 6 

0 0 

8 8 

0 0 

0 0 
5 5 

0 0 

8 8 

1 1 

1 1 

C C 

1/2 2 

0/1 1 

2/0 0 
0/1 1 

2 2 

0 0 

8 8 

8 8 

8 8 

0 0 

6 6 
1 1 

0 0 

0 0 

0 0 
0 0 

0 0 

1 1 

0 0 

0 0 

0 0 

Quantitativee assessment 

Meann HLR* 

1.577 / 2.34 

1.555 / 1.71 

1.455 / 1.47 

1.677 /1.92 

1.44 4 

1.56 6 

1.73 3 

1.81 1 

1.77 7 

1.79 9 

1.22 2 

1.65 5 

2.00 0 

1.72 2 

1.56 6 

1.42 2 

1.35 5 

1.44 4 

1.50 0 

1.27 7 

2.05 5 

1.67 7 

1.45 5 

** Indication for antimyosin scintigraphy: 1: baseline scan before anthracycline therapy, 2: evaluation cardiotoxicity during anthracydine 

therapy,, 3: suspected myocarditis, 4: detection of metastasis of rhabdomyosarcoma. 

** Number of judgements in the qualitative assessment. A: Normal uptake, B : suspected uptake, C : Increased uptake. 
55 Mean heart lung ratio of 15 measurements 

488 hours in both the anterior and left anterior oblique 45  views, using a large-field-of-

vieww gamma camera (Diacam, Siemens), fitted with a medium energy all purpose 

collimatorr and a 20% window set around both photopeaks of 111-lndium. The images 

weree made in a 128 by 128 matrix with a preset time of 10 minutes. 

Qualitativee assessment 

Tenn experienced nuclear medicine physicians from eight hospitals were asked to assess 

independentlyy 25 scintigrams. The observers had to classify the scans into one of three 

categories:: A/ normal uptake, B/ suspected increased uptake and C/ definite increased 

uptakee in the heart. Two scans were used as examples: one showed a normal uptake of 
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Figuree 1 Two 111-lndium-Antimyosin scintigrams of two different patients used as example 

forr the qualitative assessment. A: Anterior view showing a normal tracer uptake in the 

heart.. B: Anterior view showing an increased tracer uptake in the heart. 
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Figuree 2 111-Indium-Antimyosin scintigram wi th drawn regions of interest used to 

calculatee the heart-to-lung ratio for the quantitative assessment. 1: region of interest over 

thee heart. 2: region of interest over the left lung. 3: region of interest over the right lung. 

tracerr (category A) and the other showed an extremely high uptake of tracer (category 

C)) (Figure 1). 

Quantitativee assessment 

Too calculate the HLR, five observers (three nuclear medicine physicians, t w o research 

analists)) were asked to manually draw regions-of-interest (ROI) over the heart, the left 

lung,, and the r ight lung. Each observer could adjust the screen intensity of the images, 

byy changing the upper and lower threshold. All f ive observers were experienced in 

nuclearr medicine and in drawing ROI. The drawn regions were not al lowed to overlap 

w i t hh liver, kidneys, sternum, mediastinum, or mammae. The HLR was then calculated by 

dividingg the mean counts per pixel of the heart by the mean counts per pixel of the 

averagee of the lungs (Figure 2). Each observer repeated the measurements three times at 

1-weekk intervals. This provided a tota l of 405 HLRs (27 times 5 times 3). 

Blindingg of the observers 

Thee scintigrams were numbered and the clinical in format ion of the patient was removed. 

Forr the repeated measurements, the sequence of the scintigrams was changed. 
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Statisticall analysis 

Qualitativee assessment 

Kappaa statistics (K) was calculated for each pair of observers. The overall mean Kappa 

valuee was determined. 

Quantitativee assessment 

Inn order to determine the intra- and inter-observer agreement of the quantitative 

assessment,, different analyses were used. Analysis of variance was used to identify the 

amountt of variation due to differences between the observers (inter-observer), 

differencess in the repeated measurements (intra-observer), and differences between the 

patients.. Intra-class correlation coefficients (ICC) were calculated to determine the true 

variancee as a fraction of the total variance. The intra-observer ICC was calculated by 

dividingg the patient variance by the sum of the patient variance and the intra-observer 

variance.. The inter-observer ICC was calculated by dividing the patient variance by the 

summ of the patient variance and the intra- and the inter-observer variance. 

Too assess the error of a measurement apart from the patient variance, the error standard 

deviationn (error sd) of one measurement was determined by taking the square root of 

thee intra- and inter-observer variance. To assess the change of the error sd with repeated 

measurementt of HLR, the error sd was divided by the square root of the number of 

measurements.. The error sd for each observer was determined by the square root of 

intra-observerr variance. To assess whether this error sd was of potential clinical relevance, 

wee calculated the chance that the mean of two measured HLR values would differ by less 

thann 0.10, 0.15, or 0.20 from the true value. In this calculation we assumed that the 

measuredd HLR values had a normal distribution. SPSS 7.5 for Windows was used for 

statisticall calculations. 

Results s 

Qualitativee assessment 

Thee overall kappa of the visual evaluation of the 25 scintigrams by the ten observers was 

0.411 (confidence interval 0.22-0.60, range: 0.21-0.54). 

Quantitativee assessment 

Thee mean HLR values of 15 measurements of each of the 27 111 -In AM scintigrams 

rangedd from 1.22 to 2.34 (Table 1). The inter-observer variance, patientt variance, and 

intra-observer/errorr variance were 0.004, 0.061, and 0.013, respectively. 

Thee intra-observer ICC was 0.82 and the inter-observer ICC was 0.78. The error sd of 

11 measurement was 0.13. The mean of 2 and 3 measurements of the HLR was 0.09 and 



Reproducibilityy of am scintigraphy 

0.08,, respectively. The error sd of the measurements was different for each observer 

(range:: 0.09-0.17). The chance that the mean of two HLR measurements would differ by 

moree than 0.10, 0.15, or 0.20 from the true value of the HLR was 27%, 10%, and 3%, 

respectively.. In case of the best observer, the error sd of two repeated measurements will 

decreasee from 0.09 to 0.06. 

Discussion n 

Beforee 111-ln AM scintigraphy can be useful in children, we need to know how 

reproduciblee the qualitative and quantitative assessments are. In this study we did not 

addresss the issue of accuracy, i.e the relationship between the test results and the disease 

statee or the severity of cardiac cell damage in individuals. 

Thee inter-observer agreement of the ten different observers was moderate. This suggests 

thatt it is difficult to distinguish between normal, suspect, or increased uptake. A possible 

explanationn for this low agreement is that while the observers were experienced nuclear 

medicinee physicians, they had limited experience in the qualitative assessment of 111-ln 

AMM scintigrams of children. Moreover, tracer uptake was relatively low, even in 

pathologicall cases (Figure 1). 

Thee intra- and inter-observer intra-class correlation coefficients (ICC) of the quantitative 

assessment,, as a measurement of agreement, were reasonable. A high ICC indicates that 

theree is a relatively small error variance regardless of the patient variation. The same 

errorr variance will give a higher ICC in a heterogeneous study group than in a 

homogeneouss group. Our group was rather heterogeneous (four different indications), 

withh the mean HLR ranging from 1.22 to 2.34. Because the ICC is a relative measure, we 

alsoo used an alternative approach that is relevant for the clinical interpretation of the 

reproducibility,, namely the error sd of a measurement. Calculation of the mean of two 

HLRR measurements decreased the sd of a measurement from 0.13 to 0.09. A third 

measurementt gave only a further improvement from 0.09 to 0.08. So, the HLR should be 

measuredd twice and the mean should be used as a measure of 111-ln-AM uptake. The 

relationn between the measured HLR value and the 'true' HLR value of one AM scintigram 

iss clinically relevant. In 95% of the cases, the mean of two measurements of the HLR will 

bee in the range of the true HLR value  0.18. This means that in 5% of the measurements 

thee mean of two measured HLR values will differ by more than 0.18 units from the true 

valuee of the HLR, and in 10% of the cases by more than 0.15. Asa consequence, in 

patientss with an HLR that is less than 0.15 from the normal value, scintigraphy results 

mayy be classified incorrectly. However, for patients with measured HLR values of more 

thann 0.20 from the normal value, the chances of misclassification are small (3 %). 

Furthermore,, it is of clinical relevance to know whether there is a 'true' difference 

betweenn the HLR measurements of two different AM scintigrams. Because the HLR value 
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off each scintigram can be in the range of the measured HLR value  0.18, a difference of 

moree than 0.36 between two scintigrams will be a 'true' difference in 95% of the cases. 

Inn case of the best observer, a difference of more than 0.24 represents a 'true' difference 

inn the tracer uptake. 

Thee marked difference in the error sd between the observers could not be explained by 

experience.. When we retrospectively looked at the ROIs drawn we found differences 

betweenn the observers, despite the guidelines given. These differences may be due to 

precisionn in drawing the ROI, the size of the ROI, and the color intensity of the image 

whenn the ROI was drawn. Drawing a large ROI and drawing a ROI with a high intensity, 

soo that anatomical lines can be distinguished better, will lead to a lower error sd. The 

reproducibilityy of the HLR assessment can probably be improved if observers try to reach 

consensuss on the optimal ROIs. Further investigation is required. The present study 

revealss that the qualitative, visual assessment of 111 -In AM scintigrams has a poor inter-

observerr reproducibility. The quantitative assessment, using the HLR, showed a 

reasonablee intra- and inter-observer agreement and can be used for the detection of 

myocardiall damage in children. For the best results, the HLR should be measured twice 

andd the mean used as a measure of 111-ln-AM uptake. The error sd of the mean of two 

measurementss is acceptable. However caution has to be taken when a HLR value is less 

thann 0.18 around the normal value. 
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