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Renogram image characteristics and the reproducibility of
differential renal function measurement
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Purpose Patient factors such as age and glomerular
filtration rate (GFR), have been implicated as causes
for poor reproducibility of differential renal function
(DRF) estimates on **™Tc-mercaptoacetyltriglycine
(°*™Tc-MAG3) renography. This study aims to investigate
factors associated with the reproducibility of DRF
measurements.

Methods The association between age, GFR and
imaged derived image characteristics and reproducibility
of repeated DRF estimates calculated using the area
under the curve method and the Rutland Patlak method
was analysed for cohort 1 (n=127). The association
between these variables and reproducibility of DRF was
tested with univariate linear regression. The univariate
linear regression results were used to plan the multiple
linear regression combinations.

The associations between variables identified and
reproducibility of DRF values were then tested in a second
cohort (n=227).

Results The R? values for goodness-to-fit for the
multiple regression models ranged from 0.33 to 0.49 for
cohort 1 and from 0.17 to 0.22 for cohort 2. Left kidney
to background ratio (LKTBR) was significant in all the
multiple linear regression combinations (P<0.05). Right
kidney to background ratio (RKTBR), right renal margins

Introduction

Differential renal function (DRF) is a measurement of
each kidney’s ability to extract tracer from blood and
therefore reflects renal function [1]. DRF in the 45-55%
range is regarded as normal.

Renograms are performed in a wide range of renal dis-
cases and DRF is used to guide clinical decision making.
For example, in children with unilateral hydronephrosis
and a normal DREF, a watch and wait approach is followed
[2]. Some institutions will intervene if the DRF is below
40% in the first renogram. Changes in DRF indicating
the need for surgical intervention have been established
empirically [3]. A drop in DRF of 10% from initial DRF
value is an established indication for surgical interven-
tion [4-6].
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well defined, right renal margins poorly visualised, time
visualisation right calyces and age were significant in most
combinations. The reproducibility of DRF measurement
was decreased when the kidney to background ratio
(KTBR) was <2.

Conclusion Only LKTBR, RKTBR, right renal margins well
defined, time visualisation right calyces and age predicted
reproducibility for the measurement of DRF on *°™Tc-MAG3
renograms. The KTBR should be incorporated into the
renal processing software as a quality control step. The
DRF values should be interpreted with caution if the KTBR
is <2.0. Nucl Med Commun 42: 866-876 Copyright © 2021
The Author(s). Published by Wolters Kluwer Health, Inc.
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Multiple methods for calculating DRF have been pro-
posed [7]. Currently, two methods, Rutland Patlak Plot
method and the integral method, are recommended by
international guidelines [8].

A number of patient and renal characteristics have been
proposed in the literature as possible factors which could
impact on the reproducibility of DRF measurements.
These factors include renal immaturity, impaired renal
function and severe renal dilatation [9-11]. We have pre-
viously established that the DRF calculation is usually
reproducible but in a small number of renograms repro-
ducibility is poor [12].

Different methods for establishing reproducibility have
been proposed. Most include processing a renogram with
more than one method or processing a renogram repeat-
edly [10,12-14]. From clinical experience, we expect
that some visual characteristics are associated with
good reproducibility and others with poor reproducibil-
ity of DREF. This research project will investigate which
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imaging characteristics are associated with good or poor
reproducibility.

Method

The study was done in two stages. The first step was to
evaluate the image characteristics and reproducibility of
the DRF estimates of the children included in our pre-
vious study to identify the characteristics associated with
reproducibility. The second was to test these associations
between the image characteristics and reproducibility in
a new group of patients.

Patients

In our previous study, we selected 172 patients as a strat-
ified sample from all renograms done in our department
between December 2000 and November 2008 to ensure
patients at the extremes of DRE age and glomerular
filtration rate (GFR) were included [12]. The Hermes
software truncated any negative values for DRF to zero.
Therefore, patients with solitary kidneys were excluded
from the analysis. This left 133 patients in cohort 1.

Cohort 2 was selected from renograms recorded in our
department between July 2012 and September 2015. The
children included had two kidneys in the normal ana-
tomical position, a measured or estimated GFR within
1 month of the renogram study, and a complete dataset.
Patients were only used once. No patient used in cohort
1 was included.

The renograms used were acquired according to the rele-
vant European Association of Nuclear Medicine (EANM)
guidelines for standard and diuretic renography at the time
of acquisition [13,15]. The *™Tc-mercaptoacetyltriglycine
("™ Tc-MAG3) dose used was calculated using the appli-
cable EANM dose card [16,17]. 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 128x 128 matrix at 1s per frame for the first 2min.
"Thereafter, the images were recorded at 15s per frame for
40 min. When clinically indicated furosemide was adminis-
tered 20 min after the injection of *™Te-MAG3.

All renograms were processed using the HERMES
kidney analysis program, renography V5.2L/IS 7 April
2008, and the categorical and continuous variables were
categorised and measured using the HERMES hybrid
viewer PDR2.2.C.21. (Hermes Medical Solutions AB,
Stockholm, Sweden). To calculate the DRF wvalues,
the renal region of interests (ROIs) were drawn on the
1-2 min summed image to include the whole kidney. The
renal background ROIs were positioned automatically
as perirenal C-shaped ROIs including both poles of the
kidney. The background ROIs were 1-2 pixels wide and
were placed 1-2pixels apart from the renal ROI. A car-
diac ROI was drawn over the pixels with maximal counts
in the heart. In the straight-line fit display of the Rutland

Patlak plot, the interval was manually manipulated to
achieve the best fit. The renograms were processed five
times at least 1 month apart by one operator, and five val-
ues of DRE calculated using the Hermes area under the
curve (HAUC) and Hermes Rutland Patlak (HRP) meth-
ods, were obtained. The maximum difference between
the five measurements of DRF was used as a measure of
the reproducibility of the calculation of DRE. This value
was defined as maxminhauc for the HAUC method and
maxminhrp for the HRP method.

The dynamic images recorded between 60 and 120s
post-injection were summed to form a 1- to 2-min static
image, which was visually inspected to define the cate-
gorical variables and processed to obtain the values of the
continuous variables.

Categorical variables

The appearance of the renal margins of the left and right
kidneys was categorised as smooth or irregular and well
defined or poorly visualised. The results of the individual
variables were then combined to generate the variables,
both renal margins smooth if both kidneys had smooth mar-
gins. Renal margins smooth was defined as a renal margin
seen as a smooth line. Most of these patients had normal
renal contours but a well-defined renal cortical defect
such as a clearly defined wedge-shaped defect was also
classified as renal margins smooth. The variable renal mar-
gins irregular was reserved for kidneys where the renal
margins appeared jagged or scalloped. The variable renal
margin well defined was defined as a kidney that was clearly
seen above background activity and the margins could be
casily delineated. In contrast, the term renal margin poorly
visualised was used when the operator could not clearly
see the kidney above background or identify the renal
margin. The variables defined were; /left/right/both renal
margins smooth; leftlrightlboth renal margins irregular; left/
rightfboth renal margins well defined and left/right/both renal
margins poorly visualised.

A group of variables described the presence or absence of
cortical defects as well as the number of cortical defects.
A kidney was classified as having islands of functioning
tissue if there was extensive cortical destruction. The
variables describing cortical defects were: /left/right no cor-
tical defects, left/right <2 cortical defects, left/right >2 cortical
defects and leftfright islands of functioning tissue.

Continuous variables

The variables investigated included two nonimaging var-
iables, age (in months) and GFR which included measured
or estimated GFR values. The measured GFRs (mGFR)
were measured using °'Cr-ethylenediaminetetraacetic
acid, and the two blood sample methods according to
the EANM guidelines [18]. The estimated GFR values
(eGFR) were calculated using the modified Schwartz
method [19]. All GFR values were corrected for body
surface area.
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Asymmetry (asymmetry drf) in uptake of tracer between
the two kidneys was calculated as the absolute difference
between the mean of the five measurements of DRF on
each side.

The number of counts and the size in cm” of each region
of interest were recorded. The variables defined were /ef#/
right renal area and left/right background area. Left kidney to
background ratio (LKTBR) and right kidney to background
ratio (RKTBR) were calculated as the ratio of mean counts
per pixel in the renal ROI divided by the mean counts
per pixel in the background ROI for that kidney. The
times at which calyceal activity and renal pelvis activity
were first visualised were recorded for each kidney; #me
visualisation left calyces, time visualisation right calyces, time
visualisation left pelois and time visualisation right pelois.

Statistical analysis

Statistical analysis was performed using STATA 12
(StataCorp. 2011. Stata: Release 12. Statistical Software;
StataCorp LP, College Station, Texas, USA) and Statistica
(Dell Inc. (2016). Dell Statistica (data analysis software
system), version 13. software.dell.com.

The distributions of the dependent variables were not
normal. Log transformation, (logm), of the dependent var-
iables improved the distribution.

T'he association between each variable and the reproduc-
ibility of cach method of DRF measurement was tested
with univariate linear regression. The results of the uni-
variate linear regression were used to plan the multiple
linear regression combinations. Therefore, the building
of the multiple linear regression models was finalised
after the univariate linear regression results were avail-
able. Variables with a P value for the univariate regres-
sion coefficient 0.2 were included in the multiple linear
regression analysis.

The multiple linear regression analysis was done in
groups and combinations that avoided overfitting the
model. One variable was included per 15 cases, that is,
a maximum of 8-9 variables per model, for the sample
size #=133. To avoid collinearity, independent variables
showing a strong correlation (7>0.80) were identified.
Each of these variables was added to the model without
the other to test if a significant association was estab-
lished with the dependent variable, reproducibility. For
example, the variables LKTBR and RKTBR could not be
used in the same combination.

The multiple linear regression analyses were performed
using three different methods. First, straight multiple lin-
ear regression using all the variables in the combination
was performed. This was followed by step-up and step-
down multiple linear regression models using a signifi-
cance level of P<0.2 (P>]t|) for each variable included
in the combinations, adding them in the step-up or

removing them in the step-down multiple regression
models.

Testing the assumptions of multiple linear regression
models cohort 1 are as follows:

(1) Normality and constant variance of the residuals
were checked. The regression residual values of all
the cases were plotted against a normal distribution
plot.

(2) Outliers and influential observations were identified
with variance inflation factor (VIF) >|5|. The residuals
were also plotted against each continuous variable to
assist in identifying outliers in the analysis.

(3) A VIF was calculated to establish if there was signifi-
cant multicollinearity between the different variables
included in the regression analysis, VIF >10.

(4) Heteroscedasticity, skewness and kurtosis were
tested using the Cameron and Trivedi algorithm.

Results

Patients - cohort 1

A total of 133 patients were eligible for inclusion in cohort
1. Six patients were excluded as the uptake was too poor
to assess the number of cortical defects or categorise the
renal margins. This left a total of 127 renograms for anal-
ysis in cohort 1.

The ages of the patients ranged from zero to 195 months.
A total of 17 (13%) were less than two, 13 (10%) between
two and six, 11 (9 %) between 6 and 12, and 11 (9 %)
between 12 and 18 months.

The GFR values of the patients included in cohort 1
ranged between 19 and 230 mL/min/1.73 m* Eleven
(9%) had a GFR<60mL/min/1.73 m? 20 patients
(12%) had a GFR between 60 and 80 mL./min/1.73 m?.
Of the 31 patients with GFR values <80mlL/
min/1.73m? 9 were older than 12months. Fourteen
(11%) of the patients had mGFRs and the other 113
patients eGFRs.

The LKTBR ranged from 1.15 to 5.33 and the RKTBR
ranged from 1.03 to 4.95.

Patients - cohort 2

The ages of the 227 patients selected for cohort 2 ranged
from 0 to 245 months, with a median age of 49 months.
In total, 18 (8%) were younger than two, 21 (9%) were
between 2 and 6, 22 (10%) were between 6 and 12, and
13 (6%) were between 12 and 18 months.

The GFR values were between 12 and 358mlL/
min/1.73m? Only 19 patients (8%) had a GFR <60 mL/
min/1.73m? and 20 patients (9%) had a GFR between
60 and 80 mL/min/1.73 m?. Twenty-three of the patients
with GFR values <80mL/min/1.73 m? were older than
12months. Thirty-six (16%) of the patients had mGFRs,
the remaining 191 patients eGFRs.
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Table 1 The patient demographics of the 127 patients included in cohort 1 and the 227 patients included in cohort 2
Median 25% Quartile 75% Quartile

Variable Cohort 1 Cohort 2 Cohort 1 Cohort 2 Cohort 1 Cohort 2 P value U-test®
Age (months) 31 49 7 11 84 95 0.08
GFR (mL/min/1.73m?) 99 121 81 93 122 140 0.00
DRF HAUC (%)° 53 52 43 48 67 58 0.54
DRF HRP (%)b 53 53 43 47 65 58 0.53
maxminhauc 3 4 2 3 5 6 0.02
maxminhrp 4 4 3 3 6 6 0.90
LKTBR 2.96 3.57 2.32 2.62 3.74 4.35 0.30
RKTBR 2.51 2.78 1.90 2.15 3.09 3.27 0.09

*Mann-Whitney U test (U test).

®The values given for DRF HAUC (%) and DRF HRP (%) The values given for DRF HAUC and DRF HRP are the mean of the five values measured for the left kidney.

DREF, differential renal function; GFR, glomerular filtration rate.

The cohort 2 LKTBR ranged from 1.02 to 8.45 and
RKTBR ranged from 0.93 to 6.45.

There was no difference in the values obtained in cohorts
1 and 2 for age, mean DRF HAUC, mean DRF HRP,
maxminhrp, LKTBR and RKTBR but GFR and maxmin-
hauc differed. Maxminhauc was <5 in 78% of the children
in cohort 1 and 70% of those in cohort 2, Table 1.

One patient had a maxminkrp value of 0. This value could
not be transformed by the log transformation and the
patient was excluded from the log maxminhrp analyses.

Univariate linear regression results

"T'he variables /eft islands of functioning tissue (six patients),
right islands of functioning tissue (5), left 22 cortical defects (8),
right 22 cortical defects (15) and both renal margins poorly
visualised (9) were excluded as the number of children
with these characteristics was too small for statistical
analysis.

The beta-coefficients of 14 variables had P<0.2 with uni-
variate linear regression for log maxminhauc and log max-
minhrp in cohorts 1 and 2. The categorical variables were;
both renal margins irregular, both/left/right renal margins well
defined, leftlright renal margins poorly visualised, and right
renal margins smooth. The continuous variables were;
LKTBR, RKTBR, left background area, time visualisation
right calyces, left renal area, GFR and age. These variables
were eligible for inclusion in multiple linear regression in
both cohorts, Tables 2 and 3.

Right <2 cortical defects and asymmetry drf, had P>0.2 with
univariate linear regression for both methods in cohorts 1
and 2 and were excluded from the multiple linear regres-
sion models. The P value of the beta-coefficient of the
remaining variables was inconsistent. In some meth-
ods and/or cohorts it was <0.2 and in others it was >0.2,
"Tables 2 and 3.

Selection of variables for multiple linear regression
The 594 multiple linear regression combinations for log
maxminhauc were compiled by combining one dependent
variable with seven independent variables as follows:

Dependent variable: log maxminhauc
Independent variables

(1) age,

(2) GFR,

(3) LKTBR or RKTBR,

(4) left renal area or right renal area or left background area,

(5) left no cortical defects or right no cortical defects or left <2
cortical defects,

(6) One variable describing the renal margins; for instance
right renal margin smooth,

(7) time visualisation lefr pelois or time visualisation left
calyces or time visualisation right calyces.

An example of a combination for log maxminhauc is: age
and GFR and LKTBR and /left renal area and left no cortical
defects and right renal margin smooth and time visualisation
left pelois.

There were 240 multiple linear regression combinations
for log maxminhrp. The differences between the multiple
linear regression combinations for log maxminkauc and
log maxminkrp were the exclusion of left <2 cortical defects,
right renal margins irregular, right renal area and time visual-
isation right calyces from the log maxminkrp combinations
analysed.

Multiple linear regression results

The different methods of multiple linear regression,
straight, step-down and step-up, gave similar results for
each combination. The multiple linear regression analy-
sis for cohort 1 was performed using the same combina-
tions of variables as cohort 2.

For the dependent variable log maxminkauc the R*-values
for the 594 different combinations ranged between 0.35
and 0.49 for cohort 1. All the R*values of cohort 2 were
lower, they ranged from 0.17 to 0.22.

For the cohort 1 combination with the highest RZ, 0.49,
the independent variables were age, GFR, LKTBR, left
renal area, right renal margins well defined, left no cortical
defects and time visualisation right calyces. All the variables
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Table 4 Multiple linear regression result for the combination with the highest R? for log maxminhauc cohorts 1 and 2

Log maxminhauc cohort 1

Log maxminhauc cohort 2

Variable Beta SE P value Variable Beta SE P value
LKTBR —0.32 0.06 <0.01 LKTBR —0.12 0.04 <0.01
Right renal margins well defined —0.40 0.12 <0.01 Right renal margins well defined —0.40 0.13 <0.01
GFR <-0.01 <0.01 <0.01 Time visualisation left pelvis —0.02 0.01 0.06
Age <-0.01 <0.01 0.01 Age <-0.01 <0.01 0.12
Time visualisation right calyces 0.03 0.01 0.02 Right no cortical defects 0.14 0.10 0.16
Left no cortical defects —-0.12 0.10 0.23 GFR <-0.01 <0.01 0.25
Left renal area <0.01 0.01 0.36 Right renal area <-0.01 <0.01 0.37
Presented in asending order or the P value.

Beta, beta-coefficient; GFR, glomerular filtration rate; SE, robust standard error.

Table 5 Multiple linear regression result for the combination with the highest R? for log maxminhrp cohorts 1 and 2. Presented in
asending order or the P value

Variable Beta SE P value Variable Beta SE P value
LKTBR —-0.32 0.06 <0.01 LKTBR —-0.12 0.04 <0.01
Right renal margins well defined —0.562 0.11 <0.01 Right renal margins well defined —0.33 0.12 0.01
Age <-0.01 <0.01 0.01 Time visualisation left pelvis —0.02 0.01 0.02
GFR <-0.01 <0.01 0.06 Age <-0.01 <0.01 0.09
Time visualisation right calyces 0.04 0.02 0.02 GFR <-0.01 <0.01 0.21
Left no cortical defects 0.04 0.11 0.76 Left renal area <-0.01 <0.01 0.56
Left background area 0.03 0.02 0.22 Left no cortical defects 0.06 0.11 0.59

Beta, beta-coefficient; GFR, glomerular filtration rate; SE, robust standard error.

except left no cortical defects and left renal area were signifi-
cant in this combination. The cohort 2 combination with
the highest R*-value, 0.22, was age, GFR, right renal area,
LKTBR, right renal margins well defined, right no cortical
defects and time visualisation left pelvis. The only variables
which were significant in this combination were LKTBR
and 7ight renal margins well defined, Table 4.

For the dependent variable log maxminkrp the R*-values
for the 240 different combinations ranged between 0.33
and 0.45 for cohort 1. The R*values of cohort 2 ranged
from 0.17 to 0.22.

"The log maxminkrp cohort 1 combination with the high-
est R? value, 0.45, included the variables age, GFR,
LKTBR, right renal margins well defined, lefr no cortical
defects, time visualisation right calyces and left background
area. All the variables except left no cortical defects and lefr
background area were significant in this combination. The
cohort 2 combination with the highest R*value, 0.22, was
age, GFR, left renal area, LKTBR, right renal margins well
defined, left no cortical defects and time visualisation left pelvis.
In this combination the variables GF'R, /eft renal area and
left no cortical defects were not significant (NS), Table 5.

On review of the results of the individual variables
included in the multiple linear regression combinations it
was found that there was a clear pattern of variables which
predict reproducibility, some which may predict repro-
ducibility, some which probably do not predict reproduc-
ibility and those who do not predict reproducibility.

The variable LKTBR was significant in all combinations
in which it was included. RK7TBR was significant in all log
maxminhrp combinations. RKTBR was significant in 261

of 297 of the log maxminhauc combinations cohort 1. It
was significant in all the log maxminhauc combinations for

cohort 2, Tables 6 and 7.

Right renal margins well defined and right renal margins poorly
visualised were significant in 50% of the combinations
cohort 1. These variables were significant in more than
80% of the combinations for cohort 2. Time visualisation
right calyces was significant in 50% of the combinations in
cohort 1. In cohort 2, it was significant in 91% of the log
maxminhauc and 89% of the log maxminhrp combinations.
Age was significant in 40, 55, 80 and 85% of the combina-
tions, Tables 6 and 7.

GFR was significant in all 100% combinations for log max-
minhauc and 95% of the combinations for log maxminhrp
cohort 1 but in cohort 2 it was only significant in 1 and
3% of the combinations. The variables both renal margins
well defined, left renal margins well defined, left renal margins
poorly visualised, both renal margins irregular, time visualis-
ation left calyces, time visualisation left pelois were significant
in some but not all the combinations in which they were
included, Tables 6 and 7. These variables may predict
reproducibility of DRF measurements.

Left no cortical defects, right no cortical defects, left <2 cortical
defects, left renal margins smooth, right renal margins smooth,
left renal margins irregular and right renal area were NS in
the majority of combinations in which they were included
for both cohorts and for both methods, Tables 6 and 7.
These variables probably did not predict reproductivity
of DRF measurements.

Leftr renal area, left background area, both renal margins
smooth, and right renal margins irregular did not predict
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(a) The LKTBR plotted against the dependent variable maxminhauc. (b) The RKTBR plotted against the dependent variable maxminhauc. (c) The
LKTBR plotted against the dependent variable maxminhrp. (d) The RKTBR plotted against the dependent variable maxminhrp.

reproducibility in any of the combinations in which they
were included, Tables 6 and 7.

Testing the assumptions of the multiple linear
regression models

The residual values, the differences between the pre-
dicted and observed values for each patient, in the com-
binations with the highest R value for both methods and
cohorts were calculated and plotted on a normal probabil-
ity plot. The residual values did not depart significantly
from the expected normal distribution. The residual val-
ues were also plotted against the continuous variables
included in the combinations with the highest R* values.
None of the patients had high residual values.

Cameron and Trivedi’s test illustrated that there was
no heteroscedasticity between the different variables
included in the different analyses.

The VIF was calculated for each of the independent
variables used in the combinations with the highest R*
value. For all the variables the VIF values were less than
|5|. This indicates there is no multicollinearity between
these variables.

The collinearity between the variables was tested. There
was no significant collinearity (>0.80) between the varia-
bles. Of note, there was no collinearity between age and

GFR, the collineariarity coefficients ranged from -0.14
t0 0.31.

Clinical implication of results

The results presented in this document were compiled
after log transforming the dependent variables. The con-
tinuous variables LKTBR and RKTBR were re-analysed
using the untransformed dependent variables so that the
results could be translated into clinical practice.

The patients in cohorts 1 and 2 were combined in a sin-
gle datasheet. LKTBR and RKTBR were plotted on scat-
terplots against the untransformed dependent variables
maxminhauc and maxminkrp. The plots demonstrate that
if the patient has a kidney to background ratio (KTBR)
>5, no patient has a maxminhauc and maxminkrp >10. Most
notably poorest reproducibility of DRF values, maxmin-
hauc and maxminhrp 215, 1s seen if the KT'BR is <3, Fig. 1.

The only categorical variables which were significant in
most of the combinations in which they were present
were right renal margins well defined and right renal
margins poorly visualised. The ability to see the kidney
clearly is dependent on the KTBR. There were 66 kid-
neys classified as right renal margins poorly visualised.
The RKTBR for these kidneys ranged between 1.01 and
6.45, with 51 (77%) having an RKTBR <2. In contrast, the
288 kidneys classified as right renal margins well defined
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had an RK'TBR between 0.93 and 5.61 and only 36 (12%)
patients had an RK'TBR <2.

Discussion

The DRF value is used in clinical decision-making in a
wide variety of renal diseases [15]. Several variables such
as renal immaturity, decreased renal function, and a very
big dilated renal pelvis have been implicated in the liter-
ature as possible reasons for poor reproducibility of DRF
measurement [9,20].

We found that LKTBR predicted reproducibility in every
combination analysed. RKTBR predicted reproducibility
in most of the combinations in which it was included,
except for log maxminhauc cohort 1 where it predicted
reproducibility in 88% of the combinations. The KTBR
value of the right kidney is consistently lower than that
of the left kidney due to the high liver blood pool activity
adjacent to the right renal ROI.

The calculated K'TBR is a simple and objective method
for quantifying uptake in each kidney. Of all the categor-
ical and continuous variables examined, this variable is
the most basic and most closely linked to renal activity,
which depends on the function of that kidney.

In the first half of the 20th century, Rose developed a
model to assess the threshold for detection of objects
above noise in imaging. This was refined by Moran for
medical imaging. The proposed signal to noise range for
detection of a target object was given as 2.8-7 [21]. The
range is comparable to the KTBRs found in this project.
In 77% of the kidneys classified as right renal margins
poorly visualised the target to background ratio was <2. In
the current project, the decrease in reproducibility when
the K'TBR was <3 was clearly demonstrated.

In the early 1990s, Gordon ez a/. published a paper that
addressed the importance of KTBR on the reproduci-
bility of DRF measurement. The renograms were per-
formed using ™ Te-DTPA. A drop of DRF of >10% was
used as a criterion for surgical intervention. The authors
described this change in DRF as a ‘rather generous value’.
The reason given for this cutoff was that in cases with low
KTBR one encounters difficulty interpreting a renogram.
The impact of the poor KTBR on image quality and
DRF measurements when using ™ Tc-DTPA in patients
with immature renal function has led to the recommen-
dation that a tracer with a higher extraction rate by the
kidney, such as ™ Tc-MAG3, *™Te-EC or 12“Q’I—Hippuran,
should be used in children with immature function [22].
PmTe-MAG3 is removed from blood by tubular secre-
tion with an extraction fraction of 40-50%. Maturation
of tubular function is fast in the first three weeks of life
and it reaches a plateau at 12 months. Therefore, one fre-
quently has a good KTBR even in young infants when
using ™ Tc-MAG3. In addition, ™ Tc-MAGS3 is highly
protein-bound and the tracer remains in the intravascular
space. This means that the overall KTBR for this tracer

is high. However, blood pool activity in the heart, spleen
and liver is more prominent on the early images, espe-
cially in patients with impaired renal function. This may
make drawing ROIs difficult in patients with impaired
renal function [23].

Right renal margins well defined and right renal margins
poorly visualised were the strongest categorical predic-
tors of reproducibility. Kidneys with poorly visualised
margins usually have a low K'TBR. If the right kidney is
not well defined the measurement of DRF becomes less
reproducible. This illustrates that being able to clearly
see the right kidney above background makes it easier
to draw the ROIs and therefore leads to reproducible
measurements of DRF irrespective of the method used
to calculate DRFE.

We postulate that the reason only #ime visualisation right
calyces predicted poor reproducibility may again be related
to the decreased kidney to background. The ability to
see activity in the right calyces depends on the ability to
see activity above the adjacent renal background which
in this case is a combination of renal parenchymal activ-
ity superimposed on the liver blood pool activity back-
ground. Therefore, in patients with decreased kidney to
background the calyceal activity on the right would be
visualised slightly later than on the left.

Higher age strongly predicted good reproducibility for
both methods in both cohorts. The literature pertaining
to ™ Te-DTPA shows there is a higher variation in DRF
measurements in infants due to renal immaturity [2,24].
The effect of renal immaturity on the reproducibility
of “™Tc-MAG3 has not been extensively investigated.
Lezaic et al. found that the variable age was NS in analy-
sis of variance analyses used to assess factors that affected
reproducibility of DRF on “™Tc-MAG3 renography.
There was no difference in the SD of DRF in 25 children
less than 6 months compared to 25 children older than
6months [9]. A recent study by Tondeur ez /. [25], also
found that age younger than 6 months did not affect the
reproducibility of DRF on ™ Tc-MAG3 renography.

Piepsz has shown that most patients reach mature GFR
at 12months of age but maturation can continue until
24 months [26]. About 60% of the patients included were
older than 18months. It can therefore be assumed that
they had mature glomerular filtration at the time the
renograms were performed. Maturation of tubular func-
tion is faster and by 2months 68% of the mature clear-
ance of ™ Tc-MAG3 is reached [27]. Less than 15% of
the children in both cohorts were younger than 2 months.
The effect of immature tubular function on repro-
ducibility was therefore not adequately tested in this
project.

A higher GFR was a strong predictor of good reproduc-
ibility for both methods in cohort 1 but not in cohort 2.
Several reasons for this have been identified, such as a
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difference in the cohort populations and the predominant
use of eGFRs. The method for measuring creatinine dif-
fered between the two cohorts. Our laboratory changed
from the Jaffe method to an enzymatic method in 2010.

The literature identifies a very low GFR as a cause for
poor reproducibility on “™Tc-MAG3 renography [28].
It has been shown that mild to moderately impaired
GFR does not affect the reproducibility of DRF meas-
urements. Taylor ez /. investigated reproducibility in 24
adult patients, 11 of whom had raised creatinine levels of
between 114 and 248 pmol/L. There was no difference
in the mean error of DRF measurement between the
13 patients with normal GFRs and the 11 patients with
raised GFRs [4]. Even when using PmTe-DTPA instead
of *™Tc-MAG3, it appears that adult patients with mild
to moderately impaired GFR, 1540 mL./min, had better
reproducibility of DRF measurement with a 6% coeffi-
cient of variation compared to 32% coefficient of varia-
tion in patients with a GFR <15 mL/min [29].

The variables renal margins smooth or irregular are sub-
jective and may not be consistently assigned by any
single observer. In this study, all these variables were
assigned by a single observer. From our results, it is clear
that an objectively measured KTBR is a better predictor
of reproducibility than these subjective variables.

The absence of cortical defects or the presence of only
one cortical defect does not affect the ability to clearly
visualise the kidney above background and had no
impact on the reproducibility of DRF measurements.

The unexpected finding that the size of the kidney did
not impact on reproducibility in our cohorts could be
explained by the fact that the cohorts were taken from
a mixed population of children which included children
with hydronephrotic kidneys, normal kidneys and small
dysplastic kidneys. Of these, only a small number had
severe hydronephrosis which made the drawing of ROIs
difficult in those patients. The effect of large renal size
due to hydronephrosis was not effectively investigated
by this population. A study that investigates differences
in reproducibility in children without hydronephrosis
and children with varying degrees of hydronephrosis
would be more appropriate.

In contrast to the literature, the variable asymmetry drf
did not predict reproducibility. In 1999, Piepsz ¢z a/. did
a small study in 13 healthy adult volunteers to assess the
accuracy and reproducibility of *™Tc-MAG3 compared
to “™Tc-DMSA. Higher systematic biases were seen
in five patients with asymmetrical renal function when
the renograms were processed without background cor-
rection [30]. If there is very severe asymmetry, then the
K'TBR of the affected kidney would be poor. However, in
small dysplastic kidneys, the asymmetry in renal function
can be attributed to the difference in functional renal
mass instead of poor KTBR. These kidneys can still be

clearly identified above background if uptake of *™Tc-
MAGS3 by the remaining renal tissue is still good.

Limitations
A limitation of this study was the fact that most of the
patients, 89%, had eGFRs.

The R? values of the cohort 2 multiple linear regression
models were low. This means that there are one or more
factors that impact on the reproducibility that were not
examined by these multiple regression models.

Recommendations and future perspective

Future studies should investigate the relationship
between mGFR and the reproducibility of DRF meas-
urements. These studies should contain large enough
populations with decreased mGFR to confirm any effect
of low mGFR on reproducibility.

It is recommended that the KTBR should be incorpo-
rated into the renal processing screen display as a val-
uable quality control step. The DRF values should be
interpreted with caution, or the renogram should be
reprocessed repeatedly to determine reproducibility of
the DRF value if the KTBR is <2.0.

Conclusion

The only variables which consistently predicted good
and poor reproducibility for the measurement of DRF
of children on “™Tc-MAG3 renograms performed
according to the SNMMI and EANM guidelines
were LKTBR, RKTBR, right renal margins well defined, time
visualisation right calyces and age.

Consideration should be given to incorporating the
K'TBR into the renal processing screen display as a val-
uable quality control step. The DRF values should be
interpreted with caution if the K'T'BR is £2.0.
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