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Abstract 

Objectives: 

One can assess cortical defects on the early images of [99mTc]Tc-MAG3 renography.  We aim to 

assess interobserver and intraobserver reproducibility for detecting renal cortical defects using 

[99mTc]Tc-MAG3 for adults and children; identify causes for poor inter- and intraobserver 

reproducibility and to assess the effect of the kidney to background ratio (KTBR) on reproducibility. 

Methods: 

A 100 adult and 200 paediatric renograms were included. The observers reviewed the summed 1-

min posterior images for the first four minutes to detect cortical defects. Interobserver 

reproducibility between three observers and intra-observer reproducibility for two observers were 

determined. Agreement was tested using percentage agreement, Krippendorff’s reliability 

coefficient alpha and Cohen’s kappa statistic. The association between KTBR and agreement was 

assessed. 

Results: 

Interobserver agreement on the 1-2 minute images was 78 (95% CI: 74.8 - 82.7%) and 79.7 

(95% CI: 75.9 - 83.5%) for left and right kidneys respectively. Intraobserver percentage was 89.7% 

(95% CI: 86.2 - 93.1%) for the senior and 80.7% (95% CI: 76.2 - 85.2%) for the junior observer. In 

13.5% (27) of the adult and 4.5% (19) of the paediatric kidneys the difference in image 

interpretation between the observers would have had a clinical impact. If the KTBR is ≤ 2, the 

percentage agreement was between 61.5% and 64.8%. In cases with a KTBR > 2, the percentage 

agreement was between 83.6% and 87.1%. 

Conclusion: 

The percentage interobserver agreement was moderate. Disagreement between normal and 

abnormal cases were infrequent. The interobserver reproducibility was decreased when the KTBR 

was ≤ 2. 
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Publication ready format  

 

Chapter 1:  

Introduction and literature review:  

Renal imaging is a common procedure in nuclear medicine practice with several 

radiopharmaceuticals available to use for different indications. Technetium-99m labelled 

Mercaptoacetyltriglycine ([99mTc]Tc-MAG3) and Technetium-99m labelled Dimercaptosuccinic acid 

([99mTc]Tc-DMSA) are widely used for renal scintigraphy. [99mTc]Tc-MAG3 is frequently used to 

assess the function and drainage of kidneys. It is known that one can assess cortical defects on the 

early images of [99mTc]Tc-MAG3 renography. The interobserver reproducibility to assess renal 

cortical defects by [99mTc]-DMSA was extensively investigated. As we frequently use [99mTc]Tc-

MAG3 to assess for the presence of cortical defects, a need exists to establish the reproducibility 

for detecting cortical defects using [99mTc]Tc-MAG3.  

 

[99mTc]Tc-DMSA scintigraphy is the gold standard for detecting renal cortical defects with 96% 

sensitivity and 96% specificity (1,2). [99mTc]Tc-DMSA binds irreversibly to the proximal tubular 

cellular proteins via disulphide bonds (3). 

 

The interobserver and the intraobserver reproducibility for the detection of renal cortical defects 

using [99mTc]Tc-DMSA were evaluated by several studies with variable results. Patel et al. evaluated 

57 paediatric [99mTc]Tc-DMSA scans which were reported by two nuclear medicine physicians using 

a standard set of criteria on two occasions to determine the interobserver and the intraobserver 

variability in the scan interpretation. They excluded six scans due to motion artefacts or poor-

quality images. They reported high levels of interobserver (84.4%, p<0.05) and intraobserver 

percentage agreement (95.9% and 90.6% respectively, p<0.05). The weighted kappa values for 

intraobserver agreement were 0.8 - 0.9 for the first observer, 0.6 - 0.8 for the second observer and 

0.4 - 0.7 for the interobserver agreement (4). 

A multicentre trial to assess the interobserver reproducibility in reporting [99mTc]Tc-DMSA planar 

scintigraphy was conducted by De Sadeleer et al. in 2000. This study was conducted in Belgium by 

42 nuclear medicine physicians who evaluated [99mTc]Tc-DMSA scans for 40 children and 10 adults. 

The median percentage of agreement for overall interobserver reproducibility was 92%. The found 
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good interobserver reproducibility in a large group of nuclear medicine physicians with differing 

levels of expertise (5).  

The interobserver agreement of [99mTc]Tc-DMSA for the detection of cortical defects in 46 children, 

with two scans each six months apart, was evaluated by De Guevara et al. Three observers 

independently evaluated the early scans alone, the late scans alone and both the early and late 

scans together. This resulted in a complete interobserver agreement in 75%, 78%, and 77% for the 

early scan, the late scan alone, and the late DMSA scan with the early scan for comparison, 

respectively. Complete agreement was considered when all three observers agreed on a normal, 

abnormal, or equivocal results. The total intraobserver agreement on the late scan alone and the 

late scan in the presence of the early scan was observed in 96%, 89%, and 86% for observers 1, 2, 

and 3, respectively (6).  

Gacinovic et al. found poor interobserver agreement for the presence or absence of renal scars on 

[99mTc]Tc-DMSA scan. Seven experienced observers evaluated 32 kidneys on two separate 

occasions. The population included ten patients who were under the age of ten years. The 

interobserver agreement on the presence of scarring was poor; 51% on the first reading and 61% 

with the second reading (7). 

Sixty paediatric [99mTc]Tc-DMSA scans were evaluated in 2009 by 61 observers to assess the 

interobserver reproducibility of each kidney as normal, abnormal, or equivocal/poor quality. They 

reported a median agreement of 93% and in 24% the agreement was less than 80%. In 13% 

(16 kidneys) there was a disagreement between normal and abnormal which could have had a 

clinical impact. The remaining differences were between normal and equivocal. Disagreement was 

mainly in cases with normal variants, congenital abnormalities, and small defects (8). 

[99mTc]Tc-MAG3 is a tubular agent used to assess renal function and drainage of the kidneys. The 

extraction fraction of [99mTc]Tc-MAG3 is 40% to 50% (9). Most of the extracted [99mTc]Tc-MAG3 

(96%) undergoes tubular secretion and 4% undergoes glomerular filtration (3). It is one of the 

recommended tracers for renography in children under two years (10). [99mTc]Tc-MAG3 is also 

preferred for renography in older patients with impaired renal function (11). The good cortical 

uptake of [99mTc]Tc-MAG3 has led to the proposal that cortical defects can be assessed on the 

summed parenchymal images.  
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In 1992, Gordon et al. studied 59 children, 110 kidneys, with previous urinary tract infections who 

underwent both [99mTc]Tc-DMSA and [99mTc]Tc-MAG3 within four weeks of each other. They found 

that [99mTc]Tc-MAG3 has a specificity of 88% and a sensitivity of 88% for the detection of a focal 

parenchymal defects when compared to [99mTc]Tc-DMSA (12).  

The findings of [99mTc]Tc-DMSA and [99mTc]Tc-MAG3 images were compared in a group of 37 

patients, 12 children and 25 adults. These patients had a [99mTc]Tc-DMSA and [99mTc]Tc-MAG3 scan 

within a 3 to 7 day interval. The scans were reviewed independently and 17 of the 19 cortical 

defects detected on the [99mTc]Tc-DMSA were identified on [99mTc]Tc-MAG3.  The sensitivity and 

specificity of [99mTc]Tc-MAG3 for detecting cortical defects were 89% and 100% respectively (13). 

The abnormal parenchymal findings on [99mTc]Tc-MAG3 renograms of 28 children who were 

strongly suspected to have acute pyelonephritis were compared to subsequent planar [99mTc]Tc-

DMSA scans by two observers. The [99mTc]Tc-DMSA scans were performed within one week after 

the renograms. They did not only use the early images of the [99mTc]Tc-MAG3 they also included 

later clearance abnormalities as indicators of parenchymal dysfunction. Both scans showed focal 

parenchymal abnormalities for 24 patients. In four patients [99mTc]Tc-MAG3 was considered 

abnormal however, the corresponding DMSA scan was interpreted as normal. They also 

prospectively compared the scintigraphic findings of [99mTc]Tc-MAG3 renograms and [99mTc]Tc-

DMSA SPECT (single photon emission computed tomography) scans for 57 children suspected to 

have acute pyelonephritis. The scans were interpreted by two groups of nuclear physicians. The 

first group interpreted the scans together, they agreed on the presence of cortical defects on 

[99mTc]Tc-MAG3 in 14 patients. In one patient they did not agree on the presence of cortical 

defects. Of the 14 patients with cortical defects on [99mTc]Tc-MAG3 five had normal [99mTc]Tc-DMSA 

studies. A second group of readers interpreted the scans independently. They agreed on the 

presence of cortical defects in ten and the absence of cortical defects in 32 patients. Disagreement 

between the readers in the independent interpretation group was seen in six patients. There were 

no patients with a positive [99mTc]Tc-DMSA scan and a negative [99mTc]Tc-MAG3 renogram. They 

concluded that [99mTc]Tc-MAG3 renogram was as sensitive as planar or SPECT [99mTc]Tc-DMSA scan 

in detecting regional parenchymal dysfunction or fixed focal defects (14).  

The correspondence of visual assessment of cortical defects between [99mTc]Tc-MAG3 and 

[99mTc]Tc-DMSA was evaluated by four observers in a retrospective study conducted in 2005. 
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Eighty-three renograms, 49 adult and 34 paediatric patients were included. The two investigations 

were done within 3 months of each other. The correspondence for visual assessment of cortical 

defects ranged between 85 - 89% for the four observers. All four observers agreed on the presence 

of cortical defects in 18 [99mTc]Tc-DMSA studies. All those cortical defects were identified on the 

[99mTc]Tc-MAG3 studies. However, two observers reported more cortical defects on the 

corresponding [99mTc]Tc-MAG3 studies, 19 and 23 defects (15).  

To determine if [99mTc]Tc-MAG3 can replace [99mTc]Tc-DMSA for the assessment of the renal cortex 

and split renal function a nuclear medicine consultant reviewed the scintigraphic results for 52 

children (age ranged from 7 days to 10 years). Both studies were performed within 24 hours of each 

other, starting with [99mTc]Tc-MAG3. They performed [99mTc]Tc-DMSA scan on the same day if good 

clearance of [99mTc]Tc-MAG3 activity is seen. They performed [99mTc]Tc-DMSA scans on the 

following day if residual [99mTc]Tc-MAG3 activity was seen at the end of the 30 minute renogram. 

They found that [99mTc]Tc-MAG3 gave comparable findings to [99mTc]Tc-DMSA. They noted that 

[99mTc]Tc-MAG3 gave the added information on urodynamics, had a lower radiation dose to 

children and could lead to time saving (16). All the scars seen on [99mTc]Tc-DMSA were also 

detected by [99mTc]Tc-MAG3 however, the exact number of scars was not given in the paper. 

A prospective study conducted in 2013 by Abdülrezzak et al. compared [99mTc]Tc-MAG3 and 

[99mTc]Tc-DMSA for the detection of renal scars. They included 135 kidneys from 68 patients (age 3 

to 16 years) who were scanned using both radiopharmaceuticals within a two week time frame. 

There were concordant results in 38 kidneys with cortical defects and 91 kidneys with no cortical 

defects, kappa = 0.89. Discrepant results were found in six kidneys, with cortical defects called on 

three [99mTc]Tc-DMSA and [99mTc]Tc-MAG3 studies but not the corresponding [99mTc]Tc-DMSA and 

[99mTc]Tc-MAG3 studies. When considering [99mTc]Tc-DMSA as the reference scan, the sensitivity, 

specificity, and accuracy of [99mTc]Tc-MAG3 was 92.6%, 96.8% and 95.5%, respectively. The authors 

concluded that the performance of [99mTc]Tc-MAG3 was good despite its lower kidney to 

background ratio compared to [99mTc]Tc-DMSA (17). 

To our knowledge there are no studies in the English literature which investigated the interobserver 

and the intraobserver reproducibility for detecting renal cortical defects when imaging with 

[99mTc]Tc-MAG3.  
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Main manuscript   

Introduction: 

Renal imaging is a common procedure in nuclear medicine practice with several 

radiopharmaceuticals available to use for different indications. Technetium-99m labeled 

Mercaptoacetyltriglycine ([99mTc]Tc-MAG3) and Technetium-99m labeled Dimercaptosuccinic acid 

([99mTc]Tc-DMSA) are widely used for renal scintigraphy. It is known that one can assess cortical 

defects on the early images of [99mTc]Tc-MAG3 renography. The interobserver reproducibility to 

assess renal cortical defects by [99mTc]-DMSA was extensively investigated. As we frequently use 

[99mTc]Tc-MAG3 to assess for the presence of cortical defects, a need exists to establish the 

reproducibility for detecting cortical defects using [99mTc]Tc-MAG3. 

[99mTc]Tc-DMSA scintigraphy is the gold standard for detecting renal cortical defects with 96% 

sensitivity and 96% specificity (1,2). [99mTc]Tc-DMSA binds irreversibly to the proximal tubular 

cellular proteins via disulphide bonds (3).  

The interobserver and the intraobserver reproducibility for the detection of renal cortical defects 

using [99mTc]Tc-DMSA were evaluated by several studies with variable results (4–8). 

[99mTc]Tc-MAG3 is a tubular agent commonly used to assess renal function and drainage of the 

kidneys (3,9–11). The good cortical uptake of [99mTc]Tc-MAG3 has led to the proposal that cortical 

defects can be assessed on the summed parenchymal images. The sensitivity and specificity of  

[99mTc]Tc-MAG3 was reported to be high (88 - 93% and 88 to 100% respectively) when compared to 

[99mTc]Tc-DMSA (12–15). It was found that [99mTc]Tc-MAG3 provided added information on 

urodynamics, caused lower radiation dose to children and saved time (16). 

To our knowledge there are no studies in the English literature which investigated the interobserver 

and the intraobserver reproducibility for detecting renal cortical defects when imaging with 

[99mTc]Tc-MAG3.  

The aim of our study was to assess the interobserver and the intraobserver reproducibility for 

detecting renal cortical defects using [99mTc]Tc-MAG3 for adults and children. The causes for poor 

inter- and intraobserver reproducibility were investigated. The relationship between the kidney to 

background ratio and inter- and intraobserver reproducibility were assessed.  
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Patients and Methods: 

The respective nuclear medicine databases were used to retrospectively identify 100 adult 

renograms performed in the Department of Nuclear Medicine at Groote Schuur Hospital (GSH) and 

200 paediatric renograms performed in the Department of Nuclear Medicine at Red Cross War 

Memorial Children’s Hospital (RCWMCH) from September 2015 to August 2019.  

The first [99mTc]Tc-MAG3 renogram performed for each patient was included. Renograms of 

potential kidney donors and patients worked up for radiotherapy were excluded. The renograms of 

patients with solitary, transplant, auto-transplanted, ectopic, horseshoe, and fused kidneys were 

also excluded.  

The paediatric renograms used were acquired according to the relevant European Association of 

Nuclear Medicine (EANM) guidelines for standard and diuretic renography at the time of acquisition 

(17). The [99mTc]Tc-MAG3 dose was calculated using the applicable EANM dose card (18). The 

children were imaged on the same Philips Axis Dual Head camera (previously known as Picker and 

then Marconi) using a low energy high resolution collimator. Posterior images were recorded in a 

128 x 128 matrix at one second per frame for the first two minutes. Thereafter the images were 

recorded at 15 seconds per frame for 40 minutes. The adult renograms were recorded on a dual 

head gamma camera (SIEMENS ECAM) using a low energy high resolution collimator. Posterior 

images were recorded using a 128 x 128 matrix size. The frame rate was 2 seconds per frame for 

the first minute, thereafter 10 seconds per frame for 40 minutes. When clinically indicated 

furosemide was administered 20 minutes after the injection of [99mTc]Tc-MAG3.  

All raw data were retrieved from the archive and anonymized then reviewed by two senior 

observers and one junior observer to measure the interobserver reproducibility. Two observers 

(one senior and one junior) reviewed the same images again, the interval between the two reviews 

were at least one month. 

The observers reviewed the summed 1-min posterior images for the second, third and fourth 

minutes of the renogram of each kidney for the presence of renal cortical defects. It was important 

to evaluate 1-2 min, 2-3 min and 3-4 min summed images separately to find potential reasons that 

reduce the reproducibility for detecting cortical defects.  
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Renal cortical defect was defined as an area of reduced or absent tracer localization and indistinct 

margins that did not deform the renal contour or defined as cortical thinning, flattening, or an 

ovoid or wedge-shaped defect (19,20). 

The observers reported the number and location of the defects on a provided diagram (Figure 1). 

The certainty of detection of cortical defects was graded as follows: 

• 1 where there was definitive certainty of a cortical defect, 

• 2 where there was definitive certainty there was no cortical defect or 

• 3 where was no clear certainty of detection of a cortical defect. If the reader was uncertain, 

the reason was reported for each kidney. 

The principal investigator calculated the kidney to background ratio for each kidney as mean counts 

per pixel of the kidney region of interest (ROI) divided by the mean counts per pixel of the 

background ROI. The renal ROI was drawn around the whole kidney. The background ROI was C-

shaped, two pixels wide and placed one pixel apart from the kidney (10). 

The impact of kidney to background ratio on the interobserver agreement was also assessed by 

measuring the interobserver agreement when the kidney to background ratio was ≤2 and >2. 

Statistical analysis:  

The interobserver and intraobserver agreements were analyzed in Stata Version 14.0 (Statacorp, 

College Station TX). The inter-observer agreement was tested using percentage agreement and 

Cohen’s kappa statistic for two observers and expressed as a proportion agreement with 95% 

confidence interval. The inter-observer agreement between all observers was tested using 

percentage agreement and Krippendorff’s reliability coefficient alpha and expressed as a 

proportion agreement with 95% confidence intervals. The intraobserver agreement for each 

observer comparing the earlier and later readings was tested using percentage agreement and 

Krippendorff’s reliability coefficient alpha and expressed as a proportion agreement with 95% 

confidence intervals. The levels of agreement were classified according to the classification defined 

by Landis and Koch (21).  

The cases where there was a difference in agreement between the observers were analyzed to 

assess in what number of cases the difference in agreement would have a clinical impact, e.g. in 
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what number of cases were there a difference between the assessment of certain there was a 

cortical defect and certain there was no cortical defect. 

The effect of kidney to background ratio on the interobserver agreement was analyzed by 

measuring the percentage agreement and the Krippendorff’s alpha coefficient for each kidney 

when the kidney to background ratio was ≤ 2 or >2. 

Results:  

In total, 3000 observations were analyzed for 600 kidneys. The 1-2 minute images are routinely 

used to calculate the differential renal function(DRF) therefore, the results of the 1-2 minute 

images are presented in the text and the remaining results of all the analyzed images, 2-3 minute 

and 3-4 minute, are presented in Tables 1, 2 and 3. 

The interobserver agreement for all patients between the three raters was measured by 

percentage agreement and Krippendorff’s alpha coefficient. For the 1-2 minute images of the 

renogram, the percentage agreement for three raters for the left kidney was 78% (95% CI: 74.8 - 

82.7%) for the right kidney it was 79.7% (95% CI: 75.9 - 83.5%). The corresponding Krippendorff’s 

alpha was 0.51 (95% CI: 0.45 - 0.58) and 0.56 (95% CI: 0.49 - 0.62), Table 1. The percentage 

agreement between the three observers for the defect location was more than 90% for both 

kidneys. 

The interobserver agreement for all patients between two senior observers was measured using 

percentage agreement and Cohen’s Kappa. For 1-2 minute images, the percentage agreement 

between the two observers for the left kidney was 81% (95% CI: 76.5 - 85.5%) and for the right 

kidney it was 80% (95% CI: 75.5 - 84.6%). The corresponding Cohen’s Kappa was 0.53 (95% CI: 0.45-

0.62) and 0.54 (95% CI: 0.45-0.62), Table 2.  

The intraobserver percentage agreement of the two observers for all patients on the 1-2 minute 

images of the left kidney were 89.7% (95% CI: 86.2 - 93.1%) for the senior observer and 80.7% 

(95% CI: 76.2 - 85.2%) for the junior observer. The corresponding Krippendorff’s alpha was 0.75 

(95% CI: 0.68 - 0.83) and 0.63 (95% CI: 0.55 - 0.70). For the right kidney, the intraobserver 

percentage agreement is 87.3% (95% CI: 83.6 - 91.1%) for the senior observer and 84% 

(95% CI: 79.8 - 88.2%) for the junior observer. The corresponding Krippendorff’s alpha is 0.72 (95% 
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CI: 0.67 - 0.80) and 0.70 (95% CI: 0.63 - 0.77), Table 3. There was no significant difference in the 

intraobserver agreement results for adults and children. 

All observers gave the same ratings for 215, 215 and 207 left kidneys on 1-2 min, 1-3 min and 1-4 

min, respectively. For the right kidney, all observers gave the same rating in 215, 210 and 196 

kidneys, respectively, Table 5.  

All observers were not certain on 1-2, 2-3 and 3-4 minute summed images for ten left kidneys and 

18 right kidneys. The median and range of kidney to background ratio for the 10 left kidneys was 

2.85 and 2 - 8.1, respectively. The corresponding measures for the 18 right kidneys were 2.64 and 

1.21 - 4.6. 

The possible clinical impact of intraobserver and interobserver discordant findings between those 

kidneys where there was certainty of no defect and certainty that there was a defect was assessed. 

In 13.5% (27) of the adult kidneys and 4.5% (19) of the paediatric kidneys the difference between 

image interpretation between the different observers would have had a clinical impact. The 

intraobserver discordant findings were higher for the junior observer 7.5% (45) than the senior 

observer 2.3% (14) of all the kidneys evaluated, Table 5. 

Poor kidney to background ratio was reported as the reason for uncertainty in 72 out of 92 kidneys 

for the junior observer. For the more experiences observers this reason of uncertainty was cited in 

32 of 74 kidneys and 34 of 51 kidneys. The second most common reason for uncertainty when 

reporting cortical defects was a small kidney. Other reported reasons were fast cortical clearance 

on the 3-4 minute images and hydronephrotic kidneys.  

 

The mean kidney to background ratio for adults was 2.59 for left kidneys and 2.03 for the right 

kidneys while the mean kidney to background ratio for children was 3.36 for left and right kidneys.  

The interobserver agreement based on kidney to background ratio is outlined in Table 6. When the 

kidney to background ratio is ≤ 2, the percentage agreement for the left kidney was 61.5% 

(95% CI: 51.7 - 71.4) and 64.8% (95% CI: 57.6 - 72) for the right kidney. The corresponding 

Krippendorff’s alpha was 0.448 (95% CI: 0.324 - 0.572) and 0.478 (95% CI: 0.384 - 0.572). The kidney 

to background ratio was ≤ 2 in 66/300 (22%) left kidneys and 107/300 (35.6%) right kidneys. In 

contrast when the kidney to background ratio is more than 2, the percentage agreement for the left 
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kidney was 83.6% (95% CI: 79.5 - 87.6) and 87.1% (95% CI: 83.1 - 91) for the right kidney. The 

corresponding Krippendorff’s alpha was 0.48 (95% CI: 0.40 - 0.56) and 0.54 (95% CI: 0.42 - 0.65). 

Discussion: 

The measured percentage interobserver agreement between all observers was classified as fair to 

moderate. We have comparable levels of percentage interobserver agreement with the previous 

studies that evaluated the reproducibility for [99mTc]Tc-DMSA (6). When compared to this study, 

slightly higher percentage agreement levels for [99mTc]Tc-DMSA were reported previously by Patel 

et al. while lower levels were reported by others (4,7,22). This shows how the published results for 

[99mTc]Tc-DMSA are variable and makes comparison with [99mTc]Tc-MAG3 results challenging. The 

interobserver level of agreement in our study of 78 – 79.7% this was lower than the median level of 

agreement of 92% to 93% recorded in large multicentre trials (5,8).  

The interobserver agreement was higher for children than adults in our study. The average kidney 

to background ratio in the paediatric cohort was higher than that of the adult cohort. This means 

that on average the kidneys were better visualised for the paediatric population. In addition, the 

70% of the paediatric cohort had no cortical defects compared to 51% of the adult cohort. The 

higher incidence of cortical defects in the adult cohort probably led to the lower average kidney to 

background ratio in this cohort. The hepatic background activity leads to a lower kidney to 

background ratio on the right compared to the left. It was postulated that the interobserver 

agreement would differ between the left and right kidneys. We found that the side of the kidney 

did not significantly impact on the overall interobserver agreement. 

In this study we also used Cohen’s Kappa and Krippendorff’s alpha because percentage agreement 

does not account for random agreements. Unfortunately, the published levels of interobserver 

agreement for detecting cortical defects by [99mTc]Tc-DMSA were not analysed by Krippendorff’s 

alpha coefficient.  

The reader needs to be mindful for the possible presence of paradoxical results when using Kappa 

or Krippendorff’s alpha. This paradox was reported by many researchers where they noted high 

percentage agreement value but low corresponding kappa value (21). This observation was 

believed to increase linearly as the distribution of a variable is less balanced. In such scenarios, the 

kappa values need to be reported but interpreted with caution. Since there were fewer kidneys 

with cortical defects (lower prevalence) in our study compared to kidneys with no defects, the 
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percentage agreement values are probably more representative than the Kappa or Krippendorff’s 

agreement values when a paradox is demonstrated in the results. 

We found high levels of intraobserver reproducibility with no significant change when measured for 

the combined populations or the separated populations. This was comparable to the published 

corresponding levels for [99mTc]Tc-DMSA which was 90.6% and 95.9% intraobserver percentage 

agreement while the range of weighted kappa was 0.8-0.9 and 0.6-0.8 (4). This was also 

comparable to the reported percentage intraobserver agreement reported by De Guevara et al. 

which was 96%, 89%, and 86% for observers 1, 2, and 3, respectively (6). 

In the study protocol we evaluated 1-2, 2-3 and 3-4 min summed images. We established that on 

the 3-4 minute images of the paediatric renograms, the senior observer had a lower intraobserver 

agreement. This was accounted for the repeated observation of fast cortical clearance. This could 

be a potential pitfall when assessing cortical defects on [99mTc]Tc-MAG3 renography. On the other 

hand, Sfakianakis et al. used prolonged cortical retention on the later images as an indication of 

parenchymal dysfunction (14). One can argue that fast cortical clearance is in keeping with normal 

parenchymal function and makes the presence of cortical defects less likely. It is therefore probably 

not ideal to use the 3-4 min summed images to assess for cortical defects especially for the 

paediatric population. 

The experience of the observers did not make a significant difference in the interobserver or the 

intraobserver reproducibility. This observation was also seen in previous work on [99mTc]Tc-DMSA 

were there was remarkable agreement between observers without high levels of expertise (5). 

 

The effect of kidney to background ratio on the level of certainty to detect renal cortical defects 

and on the level of the reproducibility was prominent. Higher kidney to background ratio was 

associated with higher confidence and certainty as well as higher interobserver agreement. This is 

in line with a previous study that also highlighted the effect of kidney to background ratio on the 

reproducibility of  (DRF) measurements using [99mTc]Tc-MAG3. The reproducibility of DRF 

measurement has been reported to be decreased when the kidney to background ratio is ≤2 (23). 

They found that 77% of the kidneys classified as right renal margins poorly visualised had a target to 

background ratio  2.  
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The interobserver disagreement between normal and abnormal which could have had a clinical 

impact was seen in 4.5% of the paediatric kidneys and 13.5% for the adult kidneys. This is similar to   

previous [99mTc]Tc-DMSA research. Tondeur et al. found that in 13% of paediatric [99mTc]Tc-DMSA 

scans there was an interobserver disagreement between normal and abnormal. One of the reasons 

why that value for the paediatric patients may be better is that in our study, the images were 

evaluated by three observers in comparison to the 61 observers included in the Tondeur study (8). 

Another reason could be that there were more normal scans in our paediatric population.  

One of the strengths of this study was the number of the included renograms. A weakness of this 

study may have been the higher number of cases with no cortical defects included in the paediatric 

population as well as the small number. Therefore, future studies with more observers and fewer 

normal kidneys are still needed. 

Conclusion:  

This study demonstrated moderate interobserver reproducibility and substantial intraobserver 

reproducibility for the detection of renal cortical defects on the early 1-2 and 2-3 min images of 

[99mTc]Tc-MAG3 renography. The percentage interobserver agreement were comparable to the 

values reported in the literature for [99mTc]Tc-DMSA. Disagreement between normal and abnormal 

cases were infrequent and in keeping with levels reported for [99mTc]Tc-DMSA. The interobserver 

reproducibility was decreased when the kidney to background ratio was 2 or less.  
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 Figure 1. The diagram was used to report the number and location of the cortical defects. 
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Table 1. The interobserver percentage agreement and Krippendorff’s alpha results for three 

observers. The p-value is <0.001 for all the tabulated results. 

 

 

 

 

 

 

 

 

 

 

 

 
Percentage agreement Krippendorff's alpha 

  Estimate 95% Confidence 
Interval 

Estimate 95% Confidence 
Interval 

All patients (n 300) 

Left Kidney Defect (1-2 mins) 78.8 74.8 82.7 0.51 0.45 0.58 

Left Kidney Defect (2-3 mins) 78.8 74.8 82.8 0.51 0.44 0.57 

Left Kidney Defect (3-4 mins) 76.8 72.7 80.8 0.47 0.40 0.54 

Right Kidney Defect (1-2 mins) 79.7 75.9 83.5 0.56 0.49 0.62 

Right Kidney Defect (2-3 mins) 79.0 75.2 82.8 0.53 0.47 0.60 

Right Kidney Defect (3-4 mins) 76.4 72.6 80.3 0.49 0.42 0.56 

Adults (n 100) 

Left Kidney Defect (1-2 mins) 75.0 67.7 82.3 0.56 0.45 0.66 

Left Kidney Defect (2-3 mins) 75.7 68.4 82.9 0.57 0.46 0.67 

Left Kidney Defect (3-4 mins) 75.0 67.7 82.3 0.55 0.45 0.66 

Right Kidney Defect (1-2 mins) 67.0 59.3 74.7 0.42 0.31 0.52 

Right Kidney Defect (2-3 mins) 66.7 59.1 74.3 0.41 0.30 0.52 

Right Kidney Defect (3-4 mins) 67.3 59.8 74.9 0.41 0.31 0.52 

Children (n 200) 

Left Kidney Defect (1-2 mins) 80.7 76.0 85.3 0.46 0.38 0.54 

Left Kidney Defect (2-3 mins) 80.3 75.6 85.1 0.44 0.35 0.53 

Left Kidney Defect (3-4 mins) 77.7 72.8 82.6 0.40 0.31 0.48 

Right Kidney Defect (1-2 mins) 86.0 82.0 90.0 0.64 0.56 0.73 

Right Kidney Defect (2-3 mins) 85.2 81.2 89.2 0.62 0.53 0.71 

Right Kidney Defect (3-4 mins) 81.0 76.6 85.4 0.53 0.44 0.63 
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Table 2. The results of interobserver agreement between two senior observers on the presence of 

renal cortical defect is analyzed by Percentage agreement and Cohen’s kappa. The p-value is <0.001 

for all the tabulated results. 

 

 

 

 

 

 

 

 

 

 

 
Percentage agreement Cohen's kappa  

Estimate 95% Confidence 
Interval 

Estimate 95% Confidence 
Interval 

All patients (n 300) 

Left Kidney Defect (1-2 mins) 81.0 76.5 85.5 0.53 0.45 0.62 

Left Kidney Defect (2-3 mins) 81.3 76.9 85.8 0.53 0.45 0.62 

Left Kidney Defect (3-4 mins) 78.3 73.6 83.0 0.48 0.39 0.57 

Right Kidney Defect (1-2 mins) 80.0 75.5 84.6 0.54 0.45 0.62 

Right Kidney Defect (2-3 mins) 80.3 75.8 84.9  0.53 0.45 0.62 

Right Kidney Defect (3-4 mins) 76.3 71.5 81.2 0.46 0.38 0.55 

Adults (n 100) 

Left Kidney Defect (1-2 mins) 72.0 63.1 81.0 0.49 0.37 0.62 

Left Kidney Defect (2-3 mins) 73.0 64.2 81.9 0.51 0.38 0.64 

Left Kidney Defect (3-4 mins) 72.0 63.1 81.0 0.49 0.36 0.62 

Right Kidney Defect (1-2 mins) 65.0 55.5 74.5 0.37 0.24 0.50 

Right Kidney Defect (2-3 mins) 65.0 55.5 74.5 0.37 0.24 0.50 

Right Kidney Defect (3-4 mins) 65.0 55.5 74.5 0.36 0.23 0.49 

Children (n 200) 

Left Kidney Defect (1-2 mins) 85.5 80.6 90.4 0.55 0.43 0.66 

Left Kidney Defect (2-3 mins) 85.5 80.6 90.4 0.53 0.41 0.65 

Left Kidney Defect (3-4 mins) 81.5 76.1 86.9 0.45 0.33 0.58 

Right Kidney Defect (1-2 mins) 87.5 82.9 92.1 0.65 0.54 0.76 

Right Kidney Defect (2-3 mins) 88.0 83.5 92.5 0.65 0.54 0.77 

Right Kidney Defect (3-4 mins) 82.0 76.6 87.4 0.53 0.41 0.65 
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Table 3. The intraobserver agreement measured by Percentage agreement and the Krippendorff’s    

alpha for all patients. The p-value is <0.001 for all the tabulated results. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Percentage agreement Krippendorf's alpha  

Estimate 95% Confidence 
Interval 

Estimate 95% Confidence 
Interval 

Senior observer 

Left Kidney Defect (1-2 mins) 89.7 86.2 93.1 0.75 0.68 0.83 

Left Kidney Defect (2-3 mins) 90.3 87.0 93.7 0.77 0.69 0.84 

Left Kidney Defect (3-4 mins) 82.7 78.4 87.0 0.64 0.56 0.72 

Right Kidney Defect (1-2 mins) 87.3 83.6 91.1 0.72 0.67 0.80 

Right Kidney Defect (2-3 mins) 86.7 82.8 90.5 0.71 0.63 0.78 

Right Kidney Defect (3-4 mins) 77.7 72.9 82.4 0.57 0.48 0.65 

Junior observer 

Left Kidney Defect (1-2 mins) 80.7 76.2 85.2 0.63 0.55 0.70 

Left Kidney Defect (2-3 mins) 80.3 75.8 84.9 0.62 0.54 0.70 

Left Kidney Defect (3-4 mins) 80.3 75.8 84.9 0.62 0.54 0.70 

Right Kidney Defect (1-2 mins) 84.0 79.8 88.2 0.70 0.63 0.77 

Right Kidney Defect (2-3 mins) 83.7 79.5 87.9 0.70 0.62 0.77 

Right Kidney Defect (3-4 mins) 84.0 79.8 88.2 0.70 0.63 0.77 
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Table 4. The number of kidneys where all three observers completely agreed to rate as certain for 

the presence of a defect, certainly no defect or not certain. The number of kidneys where there is 

no complete agreement is also included. The table also shows how the agreement differs when 

using 1-2 min image alone, when using 1-3 min images and when using all 1-4 min images to assess 

for renal cortical defects. 
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No defect 53 141 53 141 53 134 48 139 46 137 46 124 

There is 

defect 

9 2 9 2 8 2 2 6 2 6 2 6 

Not 

certain 

5 5 5 5 5 5 6 14 6 13 6 12 

Complete 

agreement 

67 148 67 148 66 141 56 159 54 156 54 142 

No 

complete 

agreement 

33 52 33 52 34 59 44 41 46 44 46 58 
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Table 5. The number of instances where difference between certain there is no defect and certain 

there is a defect occurred.  

 

 Right kidney (n 300) Left kidney (n 300) Total / percentage 

Interobserver differences 

Adult  18 9 27 (13.5%) 

Children 7 12 19 (4.5%) 

Total  25 (8.3%) 21 (7%) 46 (7.6%) 

Intraobserver differences for the junior observer 

Adult  9 8 17 (8.5%) 

Children 11 17 28 (7%) 

Total  20 (6.6%) 25 (8.3%) 45 (7.5%) 

Intraobserver differences for the senior observer 

Adult  7 2 9 (4.5%) 

Children 3 2 5 (1.2%) 

Total  10 (3.3%) 4 (1.3%) 14 (2.3%) 
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Table 6. The interobserver agreement for three observers is given based on kidney to background 
ratio (KBR) for all patients on 1-2 minute of the renogram. The interobserver agreement is given for 
each kidney when the target to background ratio is ≤ 2 or >2. The p-value is <0.001 for all the 
tabulated results. 

 

  

  Percentage agreement Krippendorff's alpha 

Estimate 95% Confidence 
Interval 

Estimate 95% Confidence 
Interval 

Left Kidney Defect (1-2 
min) when KBR is ≤ 2 

61.5 51.7 71.4 0.44 0.32 0.57 

Left Kidney Defect (1-2 
min ) when KBR is > 2  

83.6 79.5 87.6 0.48 0.40 0.56 

Right Kidney Defect (1-2 
min ) when KBR is ≤ 2 

64.8 57.6 72.0 0.47 0.38 0.57 

Right Kidney Defect (1-2 
min ) when KBR is > 2 

87.1 83.1 91.0 0.54 0.42 0.65 
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Data Sheet 

Study Number:                                                                           Date of birth:  

Study Date:                                                                                 Observer:  

 

Please fill the table with 1 if you see defect, 0 if not seen or 2 if you are not sure 

Left Kidney 
 

Right Kidney 

Summed 1-2 
min image 

Summed 2-3 
min image 

Summed 3-4 
min image 

Summed 1-2 
min image 

Summed 2-3 
min image 

Summed 3-4 
min image 

       

      

      

 

If you see a cortical defect, please mark the location of the defect using X  

                        Left Kidney                                                                  Right Kidney 

 

 

 

 

 

 

 

 

 

Observer A: 

Left Kidney Right kidney 

mean counts/pixel mean counts/pixel 

background mean counts/pixel background mean counts/pixel 

Calculated target to background ratio Calculated target to background ratio 

 

1 1 
2 2 

3 3 
4 4 

5 5 

6 6 
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Here are the basics to have in place before submitting your digital artwork:  

• Artwork should be saved as TIFF, EPS, or MS Office (DOC, PPT, XLS) files. High resolution PDF 

files are also acceptable.  

• Crop out any white or black space surrounding the image.  

• Diagrams, drawings, graphs, and other line art must be vector or saved at a resolution of at 

least 1200 dpi. If created in an MS Office program, send the native (DOC, PPT, XLS) file.  

• Photographs, radiographs, and other halftone images must be saved at a resolution of at 

least 300 dpi.  

• Photographs and radiographs with text must be saved as postscript or at a resolution of at 

least 600 dpi.  
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embedded in the manuscript text file.  
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to a width of 166 mm.  

• Photomicrographs must have internal scale markers.  

• If photographs of people are used, their identities must be obscured, or the picture must be 

accompanied by written consent to use the photograph.  
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Legends for illustrations  
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should have an Arabic numeral corresponding to the illustration to which it refers. Internal scales 

should be explained and staining methods for photomicrographs should be identified.  

Units of measurement  

Measurements of length, height, weight, and volume should be reported in metric units (metre, 

kilogram, or litre) or their decimal multiples. Temperatures should be given in degrees Celsius. 

Blood pressures should be given in millimetres of mercury.  

All haematologic and clinical chemistry measurements should be reported in the metric system in 

terms of the International System of Units (SI). Editors may request that alternative or non-SI units 

be added by the authors before publication.  

Abbreviations and symbols  

Use only standard abbreviations. Avoid abbreviations in the title and abstract. The full term for 

which an abbreviation stands should precede its first use in the text unless it is a standard unit of 

measurement.  

Offprints  

Offprints may be purchased using the appropriate form that will be made available with proofs. 

Orders should be sent when the proofs are returned; orders received after this time cannot be 

fulfilled.  

Supplemental Digital Content  

Supplemental Digital Content (SDC) (including Video Abstracts): Authors may submit SDC via 

Editorial Manager to LWW journals that enhance their article’s text to be considered for online 

posting. SDC may include standard media such as text documents, graphs, audio, video, etc. On the 

Attach Files page of the submission process, please select Supplemental Audio, Video, or Data for 

your uploaded file as the Submission Item. If an article with SDC is accepted, our production staff 

will create a URL with the SDC file. The URL will be placed in the call-out within the article. SDC files 

are not copy-edited by LWW staff, they will be presented digitally as submitted. For a list of all 

available file types and detailed instructions, please visit http://links.lww.com/A142.  

Video Abstracts  

Authors are encouraged to submit a Video Abstract to accompany their article. Guidelines for 

preparation of the Video Abstract, along with links to sample Video Abstracts, can be found here.  

SDC Call-outs  

Supplemental Digital Content must be cited consecutively in the text of the submitted manuscript. 

Citations should include the type of material submitted (Audio, Figure, Table, etc.), be clearly 

labelled as “Supplemental Digital Content,” include the sequential list number, and provide a 

description of the supplemental content. All descriptive text should be included in the call-out as it 

will not appear elsewhere in the article.  

Example:  

http://links.lww.com/A142
https://edmgr.ovid.com/nmc/accounts/LWW_toolkit_how_to_create_video_abstract.doc
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We performed many tests on the degrees of flexibility in the elbow (see Video, Supplemental 

Digital Content 1, which demonstrates elbow flexibility) and found our results inconclusive.  

List of Supplemental Digital Content  

A listing of Supplemental Digital Content must be submitted at the end of the manuscript file. 

Include the SDC number and file type of the Supplemental Digital Content. This text will be 

removed by our production staff and not be published. 

Example: 

Supplemental Digital Content 1.wmv  

SDC File Requirements  

All acceptable file types are permissible up to 10 MBs. For audio or video files greater than 10 MBs, 

authors should first query the journal office for approval. For a list of all available file types and 

detailed instructions, please visit http://links.lww.com/A142.  
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