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Abstract

Objective: We compared the glomerular filtration rate (GFR) values as measured by the gamma camera and eGFR methods, calculat-
ed by the Modification of Diet in Renal Disease (MDRD) and Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) formula in
patients who underwent diethylenetriamine penta-acetic acid (DTPA) dynamic renal scintigraphy for suspected obstructive uropathy.
Materials and Methods: A total of 59 patients were included in this retrospective study. On the basis of the eGFR results,
patients were divided into three groups; eGFR >90 mL min-1 (Group 1), 60-90 mL min-1 (Group 2), and <60 mL min-1 (Group
3). The groups were compared in terms of GFR measuring methods, percentage of reduction in relative renal function, and
pathologic findings detected in radiological imaging methods.

Results: We found that eGFR values calculated by CKD-EPI formula were slightly more compatible with GFR values mea-
sured by the camera method compared with eGFR values calculated by MDRD formula (mean difference of -17 and -21
respectively, at Bland-Altman plot). We also showed that although there was no decrease in eGFR values, we could show
relative function in any kidney under 30% by the scintigraphic method (in 14 patients).

Conclusion: The camera method can be used as an alternative for GFR measurement, but it should be noted that it may
be slightly higher than the values calculated by the formula. In addition, it should be kept in mind that there may be a de-
crease in relative renal function values of the kidneys even if GFR values are normal in patients with obstructive uropathy.
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INTRODUCTION

Obstructive uropathy (OU) develops from a blockage
in the urine drainage system. Obstruction can occur
anywhere in the urinary tract, such as the kidney, ure-
ter, and the bladder. As a result, urine is collected and
flushed back into the kidneys, which may lead to dam-
age to the renal calyces, renal pelvis, and ureter. Imag-
ing modalities play an important role in the diagnosis of
urinary tract diseases. The methods used often in renal
imaging include ultrasound (USG), urography, dynamic
renal scintigraphy (DRS), static scintigraphy, and com-
puted tomography. DRS is a reliable test for functional
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assessment and determination of relative renal func-
tions (RRFs) of each kidney in OU (1). RRF, expressed
as a percent of total renal function, is important in the
assessment and treatment of patients suffering from re-
nal diseases (2). DRS can also determine the presence
of obstruction and may differentiate between complete,
severe, or partial obstruction (3).

Glomerular filtration rate (GFR) refers to the amount of
filtrate generated by a kidney per unit of time; it is an
important index used to evaluate renal function in clin-
ical routines. Urinary clearance of inulin is considered
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the gold standard in the measurement of GFR, but it is a diffi-
cult substance to measure and is not reproducible for clinical
practice. Other exogenous filtration markers are ethylenedi-
aminetetraacetic acid (EDTA) or diethylenetriaminepentaacetic
acid (DTPA). Determination of the plasma concentration of the
injected radiotracer requires analysis of 99mTc DTPA levels in
multiple blood samples; this is considered a reference meth-
od. The camera-based method, introduced by Gates, measures
renal uptake of 99mTc DTPA without blood sampling and is a
widely used method (4). In clinical practice, GFR is most often
estimated from serum levels of endogenous filtration markers
instead of being measured directly (eGFR). The most common-
ly used equations are the Modification of Diet in Renal Disease
(MDRD) formula (5). In addition, there are equations for the esti-
mation of creatinine, cystatin C, B2-microglobulin, and B-trace
protein (6).

Our goal was to compare the GFR values, measured by the
camera-based method, and the eGFR values, calculated by the
MDRD formula, in patients who underwent DTPA DRS for sus-
pected OU. We also aimed to compare the RRF with eGFR values
to investigate whether assessment of patients with only GFR
measurements is reliable.

MATERIALS AND METHODS

We retrospectively analyzed a total of 59 patients with proven
or suspected OU, who were referred to the Nuclear Medicine
Department of Firat University hospital between January 2016
and March 2018 and underwent dynamic renal imaging.

The patients’ serum creatinine, age, gender, and race information
were used in the MDRD and Chronic Kidney Disease Epidemiolo-
gy Collaboration (CKD-EPI) formula to calculate the GFR value.

Based on the eGFR (calculated with MDRD and CKD-EPI for-
mula) results, patients were divided into three groups: Group
1 eGFR >90 mL min, group 2 60-90 mL min, and group 3 <60
mL min,

Main Points

« Evaluation of kidney functions with GFR is an indicator of the
total function of both kidneys.

+ GFR, measured by the camera-based method, gives higher
GFR values compared to the eGFR methods obtained with the
formulas of MDRD and CKD-EPI, and the difference is less visi-
ble with the eGFR values obtained with the CKD-EPI formula.

« Relative renal function is an indicator of the participation of
each kidney in the total function of the kidney individually,
especially in patients with obstructive pathologies, there may
be a significant decrease in the function of the affected kidney
compared to the other kidney, even without a significant de-
crease in the GFR value.

+ RRF values calculated by scintigraphy in evaluation and fol-
low-up continue to be an important parameter in patients
with or suspected of obstructive uropathy.
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A renal dynamic study with 99mTc DTPA was performed on all
patients. All patients were instructed to drink 500-1000 mL of
water for hydration approximately 30 minutes before the exam-
ination. After urination, a 5 mCi 99mTc DTPA intravenous injec-
tion was administered under a gamma camera (General Electric
infinia 2, Israel). Dynamic kidney scintigraphy was initiated with
theinjection. The syringe was imaged before and after injection
to determine the total injected dose. After entering the height
and weight of the patient, the GFR was automatically calculated
by Xeleris Software according to Gate’s algorithm (7). RRF val-
ues were made using a hand-drawn bean-shaped renal region
of interest (ROI) and a perirenal (for background extraction) ROI
on the kidney (Figure 1). A value of 30% was used as a cut-off,
which was assessed a significant hypofunction in the kidneys.
The patients were evaluated in two categories: RRF >30% and
<30% of any of their kidneys.

Statistical Analysis

Continuousvariables are reported as median values and ranges,
whereas categorical variables are reported as frequencies and
percentages. Differences between the groups were assessed
with Kruskal-Wallis test (continuous variables), chi-square test,
and Fisher exact test (categorical variables). Bland-Altman
analysis was used with R software to assess the degree of agree-
ment between measurements. A value <0.05 was considered
significant. All analyses were performed with the IBM Statistical
Package for the Social Sciences 20.0 version (IBM SPSS Corp.;
Armonk, NY, USA).

Parameters Left Right Total
Split Function (%) 436 56 4

Kidney Counts {cpm) 70006 9058 2 16059
Time of Max (min) 0.050 11.0

Time of ¥z Max {min) 0.108 218
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Figure 1. Regions of interest drawn in DTPA scintigraphy.
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RESULTS

Of the 59 patients included in the study, 26 were female, and 33
were male, with an average age of 48+13 years. There were 33
patientsin Group 1, 18 in Group 2, and 8 in Group 3 for eGFR cal-
culated by the MDRD formula. There were 36 patients in Group
1, 15 in Group 2, and 8 in Group 3 for eGFR calculated by the
CKD-EPI formula. There was no significant difference between
the groups in terms of gender and age (p>0.05). The general
information and subgroup data of the study participants are
summarized in Tables 1 and 2.

Bland-Altman plot for camera-based GFR and eGFR (calculated
with MDRD formula) in all the patients showed a mean differ-
ence of -21.00 (95% confidence interval [Cl]=[-13.10; -28.90]).
The limit of agreement ranged from 38.42 to -80.42 (Figure 2).

Bland-Altman plot for camera-based GFR and eGFR (calculated
with CKD-EPI formula) in all the patients showed a mean dif-
ference of -17.00 (95% confidence interval [Cl]=[-11.52; -24.26]).
The limit of agreement ranged from 30.0 to -65.77 (Figure 3).
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The relative function of the kidneys was >30% in 35 (59%) pa-
tients, whereas the relative function of one of the kidneys was
<30% in 24 (41%) patients.

Fourteen patientsin Group 1, five in Group 2, and five in Group 3
had RRF values <30% for eGFR calculated by the MDRD formula.
Furthermore, 14 patients in group 1, 6 patients in group 2, and
4 patients in group 3 had RRF values <30% for eGFR calculated
by the CKD-EPI formula.

Renal radiological evaluations of patients are summarized in
Table 3. Among the 24 patients who were evaluated as normal
radiologically, the RRF was <30% (24% and 29%) in two patients,
and eGFR was <60% (35%, 39%, and 54%) in three patients.

DISCUSSION

In our study, we found that eGFR values calculated by CKD-EPI
formula were slightly more compatible with GFR values mea-
sured by the camera method than were eGFR values calculat-

Table 1. General information and subgroup data (calculated by MDRD)
Group 1 Group 2 Group 3
(>90 mL min) (90-60 mL mint) (<60 mL min)

Total (n=59) (n=33) (n=18) (n=8) p
Sex, n (%) F=26 (44%) F=16 (48%) F=5 (28%) F=5 (62.5%) 0.192

M=33 (66%) M=17 (52%) M=13 (72%) M=3 (37.5%)
Age, years 48.27+13.31 46.21+11.44 48.44+13.44 56.37+18.43 0.149
BUN, mgdL* 30.92+0.37 28.96+9.6 36.7249.35 60.12+34.18 <0.001"
Creatinine, mg dL* 0.92+0.37 0.7+0.14 1.05+0.16 1.5+0.52 <0.001"
Camera-based GFR, mL min* 72.80+28.31 80.97+24.19 73.80+26.62 36.86+21,75 0.001
RRF of kidneys <30% 35 (59%) 19 (57.6%) 13 (72.2%) 3 (37.5%) 0.239
RRF of kidneys <30% 24 (41%) 14 (42.4%) 5(27.8%) 5 (62.5%)
*p<0.05
**p<0.001
F: female; M: male; BUN: blood urea nitrogen; GFR: glomerular filtration rate; RRF: relative renal function
Table 2. General information and subgroup (calculated by CKD-EPI)

Group 1 Group 2 Group 3
(>90 mL min) (90-60 mL mint) (<60 mL min)

Total (n=59) (n=36) (n=15) (n=8) p
Sex, n (%) F=26 (44%) F=16 (44%) F=6 (40%) F=4 (50%) 0.897

M=33 (66%) M=20 (56%) M=9 (60%) M=4 (50%)
Age, years 48.27+13.31 44.52+11.22 52.20+11.93 57.75+£18.63 0.012
BUN, mg dL* 30.92+0.37 28.75+9.23 37.46+6.86 62.62+33.04 <0.001"
Creatinine, mg dL? 0.92+0.37 0.73+0.17 1.03+1.17 1.58+0.49 <0.001"
Camera-based GFR, mL min* 72.80+28.31 83.11+23.07 68.36+25.55 34.74+24.76 <0.001"
eGFR (calculated with CKD-EPI formula) 90.69+24.56 107.02+8.90 75.60+10.36 45.50+13.87 <0.001"
RRF of kidneys <30% 35 (59%) 22 (61%) 9 (60%) 4 (50%) 0.844
RRF of kidneys <30% 24 (41%) 14 (39%) 6 (40%) 4 (50%)
*p<0.05
**p<0.001
F: female; M: male; BUN: blood urea nitrogen; GFR: glomerular filtration rate; RRF: relative renal function
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Bland-Altman plot
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Figure 2. Comparisons of glomerular filtration rate estimated with cam-
era-based GFR and eGFR (with MDRD) (Bland-Altman test).
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Figure 3. Comparisons of glomerular filtration rate estimated with cam-
era-based GFR and eGFR (with CKD-EPI) (Bland-Altman test).

ed by the MDRD formula. We also demonstrated that although
there was no decrease in eGFR values, we could show relative
function in any kidney under 30% by the scintigraphic method.

In studies comparing the methods used in GFR measurement in
the literature, there were various conclusions on the advantag-
es and disadvantages of the tests (8-11).

Table 3. Radiological evaluation of 118 kidneys in 59 patients
Right Left
kidney kidney
Normal 26 (44.1%) | 22 (37.3%)
Stone 12(20.3%) | 10 (16.9%)
Hydronephrosis+stone 5 (8.5%) 3(5.1%)
Hydronephrosis 5 (8.5%) 7 (11.9%)
Ureteropelvic junction obstruction 2 (3.4%) 3(5.1%)
Pelviectasis 1 (1.7%) 5 (8.5%)
Atrophy 2 (3.4%) 3(5.1%)
Without radiological assessment 6(10.2%) 6 (10.2%)

Aydin et al. (8) made comparisons between single plasma sam-
ple method (SPSM) and double plasma sample method (DPSM),
gamma camera method, creatinine clearance, prediction equa-
tion, and GFR measurements in the case of potential kidney
donors with normal renal function. They reported that SPSM
correlates well with DPSM. However, the Gates’ 24-hour endog-
enous creatinine clearance method and the prediction equa-
tions (Cockcroft-Gault, MDRD) could not calculate GFR accu-
rately. All these techniques tend to overestimate GFR and may
result in errors in the management of potential kidney donors.

In a similar study, Hephzibah et al. (9) made a comparison of the
GFR measured by the plasma sample technique, Cockroft-Gault
method, and Gates’ method in voluntary kidney donors and re-
nal transplant recipients. The mean GFR (standard deviation) us-
ing the SPSM DPSM, camera method, and Cockroft-Gault method
was 134.6 (25.9), 137.5 (42.4), 98.6 (15.9), and 83.5 (21.1), respec-
tively. They reported that the SPSM correlates moderately well
with the DPSM, but neither Gates’ method nor Cockcroft-Gault
prediction equation could calculate GFR accurately.

In a study about the effect of Gates’ 99mTc DTPA GFR, serum
creatinine, and urea in the diagnosis of chronic renal failure
conducted by Miftari et al. (10), 99mTc DTPA scintigraphy is a
very sensitive method for the early detection of patients with
chronic renal failure in cooperation with biochemical tests.
The sensitivity of uremia and creatinemia for detection of renal
failure was 83.33%, whereas the sensitivity of 99mTc DTPA GFR
was 100%. The specificity of uremia and creatinemia was 63%,
whereas the specificity of 99mTc DTPA GFR was 47.5%.

One of the studies in the literature that contributes to the un-
derstanding of our results is that by Huang et al. (11). In this
study, reference value was accepted, and the GFR measured
by double serum-sampled DTPA. They then compared it with
the camera-based method, MDRD, and eGFR methods. They re-
ported that in the group of patients with GFR values between 30
and 60 mL min, the camera-based method was superior to the
other methods. They concluded that it was a helpful method
during follow-up of patients with stages 3a and 3b chronic renal
failure.
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The 99mTc Dimercaptosuccinic acid (*"DMSA) is considered
the most reliable method to measure RRF. Some of the stud-
ies in the literature have reported that DTPA scintigraphy gives
results with a similar accuracy to that with DMSA in calculating
RRF. Yal¢in et al. (12) compared the results of 144 adult patients
with DMSA and DTPA with different renal pathologies. They
found a positive correlation between 99mTc DTPA and 99mTc
DMSA results in calculating relative kidney function. Although
the 99mTc DMSA is considered the most reliable method of
calculating relative kidney function, the 99mTc DTPA is a good
method in terms of evaluating GFR, renogram graphs, and rel-
ative renal function in the adult patients group. A similar result
has been published in a study by Momin et al. (13) where they
found that DTPA scintigraphy is preferred in cases in which both
renogram and GFR measurements were necessary because of
the significant positive correlation between the two methods.

In recent years, RRF measurements with conventional imaging
methods have been evaluated in the literature. In one of these,
Artunc et al. (14), GFR and RRF measurements using MRI in
donor candidates showed similar results with DTPA measure-
ments. Thus, they suggested that anatomical and functional
evaluation could be performed together in MR imaging. In an-
other study, Genseke et al. (15) compared MRI and DRS in chil-
dren with OU and reported that DRS better identified situations
requiring early intervention and therefore, should be the first
preference.

In our study, we found a kidney with RRF values <30% in pa-
tients with GFR >90. This result suggested that the decrease in
GFRvalues, which are indicative of total renal function, may not
develop even though functional loss in any of the kidneys be-
gins. This may be due to compensatory mechanisms.

The most significant disadvantage of this study was that the
number of patients in some groups was low because of its being
a retrospective study. We propose that future studies be con-
ducted in larger groups for a more substantial contribution to
the literature.

CONCLUSION

DTPA scintigraphy is one of the first methods that can be used
to calculate RRF of the kidneys in patients with OU. DTPA scin-
tigraphy for GFR measurement can be used as an alternative
method. In addition, it should be kept in mind that even if the
GFR values are normal in patients with OU, there may be a de-
crease in RRF values in the kidneys and only GFR should not be
used to evaluate kidney function.
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