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ABSTRACT

Introduction: The incidence of Chronic Kidney Disease (CKD)
is rising throughout the world, and with it, the need for kidney
transplants. The 'Gold Standard' in measuring Glomerular
Filtration Rate (GFR) in potential kidney donors remains a
renogram. In many countries, access to this technology remains
limited and expensive. We evaluated a Computed Tomography
(CT)- based method of calculating the GFR using estimated
renal volume, as first described by Herts' et al.

Aim: To compare differential renal function as assessed by isotope
renal scan using *®mTc Diethylene-Triamine-Penta-Acetic Acid
(DTPA) with CT scan measured differential renal volume. Further,
we aimed to compare and correlate the CT scan measured volume
based GFR, with GFR estimated using Modification of Diet in Renal
Diseases (MDRD) and Cockcroft-Gault (CG) methods.
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Materials and Methods: A total of 61 healthy donors (47
female, 14 male) were studied. Standard contrast CT scan
was performed using non-ionic iodinated contrast. Special
volumetric 3D analysis was used to calculate the volume. Herts
formula was used to calculate the GFR. DTPA renogram was
done on all patients with a Gamma Camera. The results were
compared with MDRD and CG estimated GFR on all patients
using Analysis of Variance (ANOVA) and Tukey Post-Hoc Test.

Results: The Volume Calculated-GFR correlates better with
total GFR than GFR calculated by CG and MDRD formulae.

Conclusion: The Herts formula based GFR correlated well with
estimated GFR values and may be used in circumstances were
access to DTPA renograms is expensive or unavailable.

Chronic kidney disease, Cockcroft-Gault formula, Kidney transplant

INTRODUCTION

The incidence of CKD is rising globally due to the rise in diseases
like Diabetes Mellitus (DM), Hypertension (HTN) and Obesity [1].
With increasing success rates, and an improved quality of life, more
patients are opting for kidney transplantation rather than continuing
other renal replacement therapies [2].

In India, as in most middle- and low-income countries, approximately
90% of kidneys are donated from live related donors [3]. To meet the
demand, “Marginal Kidney Donors” are being selected increasingly
in view of the burgeoning waiting list [4]. In such a scenario, it
becomes important to ensure good postoperative and long-term
complication-free life for kidney donors who are selected by the
expanded donor selection criteria.

As a standard protocol for donor evaluation, donors are assessed
for Human Leukocyte Antigen (HLA) matching, surgical fitness
and assessment of kidney function. The kidney to be selected
for donation is selected based on adequate GFR, anatomical
factors and differential function. The investigation of choice for
the assessment of GFR in donors is the DTPA acid (*"Tc-DTPA)
Renogram [5]. However, its availability outside large cities in low-
and middle-income countries is a constraint. Hence, there is a
need for a reliable alternative method of measurement of total and
differential GFR comparable to estimated GFR (eGFR) as measured
by DTPA renogram.

Other methods of estimating GFR in patients include the Modification
of Diet in Renal Disease (MDRD) and Cockcroft-Gault (CG) methods.
Cockeroft DW et al., described their eponymous formula, the CG
formula, which uses an equation based on age, weight, height, and
serum creatinine along with correlation factors to calculate creatinine
clearance [6]. This formula acts as a surrogate for estimated GFR.
This formula was based mainly on hospitalised men as there were
only nine females in the studied group, and it requires height and
weight of the patient to be measured as well, restricting its use in
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most laboratories. The MDRD formula was derived in a study on
dietary modifications in patients with CKD in which there was added

the objective of devising a formula to calculate GFR from plasma
creatinine levels [7]. Logistic regression was used to figure out a

final 4 variable formula based on gender, plasma creatinine value,

age and race differentiation with results expressed as per 1.73 m? of

body surface area. The MDRD formula was derived from a study on
CKD patients, hence its utility in healthy persons remains undefined.
Furthermore, it has not been validated in patients under 18 years,
older than 70 years of age, and those who are obese, limiting its use
in potential healthy kidney donors [8].

This paper evaluates a kidney volume-based formula of assessment
of GFR as proposed by Herts B et al., in Radiology [9].

An abbreviated version of this paper was presented as a poster at
the American Urological Association Annual Meeting in 2016 [10].

Our hypothesis was that contrast CT scan calculated volume-based
GFR can be used as alternative methods of calculation of GFR and
differential renal function.

This study aimed to compare GFR and differential renal function
as assessed by isotope renal scan using *"Tc DTPA with CT scan
measured differential renal volume. Further, we aimed to compare
the CT scan measured volume based GFR, with GFR estimated
using MDRD and CG methods.

MATERIALS AND METHODS

This study was done at Jaslok Hospital and Research Centre
(JHRC), Mumbai, Maharashtra, India. The Instutional Ethical
Committee approved the study. The study was an observational
study conducted on 61 consecutive kidney donors (47 female and
14 male) admitted in hospital for live related kidney transplantation
over a period from 2012-2013. This was a time-bound study;

hence we intended to evaluate all prospective donors at our study

centre during the said period. Prospective kidney donors who had
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investigations done outside the study hospital, were excluded. As
per protocol, donor evaluation was done by HLA matching, surgical
fitness and functional and anatomical assessment of the urinary
system.

Measurement of Renal Volume: Anatomical assessment was
done with 64-slice Helical CT scanner (Discovery CT 750 HD, GE
Medical Systems, USA) installed at Department of Radiology, JHRC.
Prospective donors underwent 4 hours of fasting before CT scan.
Plain images were obtained prior to intra venous contrast. Proper
hydration was maintained with i.v. fluids given during procedure.
Non-ionic iodinated contrast material (lohexol 350) was used. After
the administration of contrast media (1-1.5 mlL/kg body weight)
at a rate of 3 mlL/sec, images were captured in arterial phase,
venous phase and renal excretory phase. Axial images were taken
at a thickness of 1.25 mm. The kidney size was measured using
software from GE Advantage Windows Workstation (AW 4.6-
04.047- SLED-11, Volume Viewer-Version VXT 1-11-3-81). Kidney
volume of prospective donors was measured from coronal section
contiguous slices in CT images with parenchymal enhancement.
Around the 3D volume-rendered image of the kidney a region of
interest was drawn. Three-Dimensional (3D) tools inbuilt in the CT
scan functioned by automatically filling space that contains similar
voxel values. Selecting a piece of the renal parenchyma allowed the
software to identify the remainder of surrounding renal parenchyma
by measuring same Hounsfield Units (HU) and subtracting others
of different HU like adjacent fat, or fluid in the renal pelvis. Each 3D
model of each kidney was finally visually compared to the cross-
sectional images, ensuring that only the renal parenchyma was
included in the virtual representation.

Selecting the ‘view type’ menu in the CT workstation showed a
histogram representing the percent voxel in the 3D structure of any
given attenuation, thus giving the final 3D model. This tool provided
the total volume and the mean attenuation for the entire 3D model
in one step. Differential renal volume measurement was done by
dividing the renal volume of the side of interest with the total renal
volume as calculated above. The renal volume was calculated in
milliliters.

Measurement of Glomerular Filtration Rate: GFR was measured
with ®mTc-DTPA renogram at Department of Nuclear Medicine,
JHRC which was done with a Gamma Camera (GE Discovery NM-
670, GE Medical Systems, USA).

The prospective kidney donor was checked for any allergy to drugs
before proceeding for isotope renogram. For the procedure one mci
of ®"Tc-DTPA was taken in the syringe and its radio-activity counted
under the gamma camera before injection. Then, a butterfly V.
cannula was secured in median cubital vein of the donor and *®mTc-
DTPA was injected. Both the kidneys were scanned under gamma
camera for the next 3-5 minutes and radioactivity was counted
in both kidneys for assessment of differential uptake of isotope in
each kidney. After completion of scanning, the empty syringe was
placed under the gamma camera and residual radioactivity in the
syringe post injection was counted to get net amount of radioactivity
injected. The donor’s blood samples were collected at 1 hour and
3 hours post injection. Rate of disappearance of radioactivity was
then calculated from these two samples by the method described
by Russel CD et al., [11] and then total GFR calculated by applying
this data to a linear dual compartment model. Once total GFR was
obtained, individual kidney GFR was then calculated by applying this
to the data of differential uptake obtained during Gamma Camera
screening.

The formula used for calculation of total GFR was taken from a
research paper by Herts B et al., [9], as below:

GFR = 70.77-0.444A+0.366W+0.200V_-37.317C,
Here A is age in years, W is weight in kilograms, V, is mean total
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volume of kidney in milliitres and C, is serum creatinine in milligram
per decilitre.

We then used the CG [6] and MDRD [7] formulae to calculate GFR
in all the subjects.

STATISTICAL ANALYSIS

We used Analysis of Variance (ANOVA) for one-way classification for
four samples of Total GFR (eGFR), CG GFR, MDRD GFR, Volume
Calculated GFR (VC-GFR). We used a post-hoc test (Tukey’s Honest
Statistical Difference (HSD) Test) to compare the four variables to
determine which groups in the study sample differ significantly.
Pearson’s correlation test was used to find the correlation between
the two variables.

RESULTS

In this study we included 61 renal donors comprising 47 females
(77%) and 14 males (23%). The age of donors ranged from 27 years
to 73 years and estimated GFR ranged from 60.24 mL/min/m? to

Sex Frequency Percent
Male 14 22.95%
Female 47 77.05%
Total 61 100.00%

[Table/Fig-1]: Distribution of study group as per sex.

Study variable | n | Mean | SD | Median | IQR LI Ty
mum mum

Age (Yrs) 61 | 492 | 113 |4900 |165 |27 73

CT Renal Vol 61 | 124.92 | 23.97 | 12622 | 28.83 | 75 177

Rt (cc)

CT Renal Vol 61 | 126.47 | 2351 | 12520 | 35.21 | 70 172.9

Lt (cc)

Total Volume (co) | 61 | 251.39 | 46.04 | 251.71 | 62.52 | 145 341

(DO/'S Volume Rt 61 | 49.66 | 223 |4925 |273 |4353 |57.1

('?)/'Of)f Volume Lt 61 | 5034 | 223 |5075 |273 |429 |56.47

Diff Function

R (%) 61 | 4970 | 348 |5033 |453 |41.85 |58

Diff function

Lt (%) 61 | 50.30 |3.50 |49.67 |435 |42 58.15

Rt GFR (mL/ 61 | 43.03 |9.49 |4016 |12.70 | 2992 | 76.27

min/1.73m3)

Lt GFR(mL/ 61 | 4333 |9.14 |41.04 |11.78|2087 |67.7

min/1.73m?)

Total GFR

mLimm.7amg | 6 [8636 | 17.44 | 80.89 | 2041|6024 | 13085

Height (cm) 61 | 160.26 | 5.42 | 160 8 150 172

Weight (Kg) 61 | 6537 |6.17 |6670 |7.90 |45 78

BMI (kg/m?) 61 | 2544 | 200 |2573 |213 [182 | 29.05

Hb (gm/dL) 61 | 1283 |1.38 | 1310 |230 |10.1 15.5

S. Creatinine

mo/dL) 61 | 073 |o0.18 |0.70 0.30 | 0.4 11

[Table/Fig-2]: Variables measured in subjects.

139.85 mlL/min/m? (avge=86.36 mL/min/m?). Average formula-
based volume calculated average GFR of study population was
95.73 mL/min [Table/Fig-1,2].

Correlation between the right renal volume and differential function
is shown in [Table/Fig-3,4] a significant correlation was noted.
[Table/Fig-5,6] shows the correlation between left renal volume and
left differential function. Correlation between total GFR and total
renal volume is shown in [Table/Fig-7,8]. The Pearson correlation
coefficient for the correlation of Total Renal Volume and Total GFR is
0.293 which is significant (p-value=0.022).
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Variable N Mean siiel e Bl p-value
Dev ficient
Diff. Renal Volume Rt | 61 49.66 2.23 0.275 0.032
Diff. Renal function Rt | 61 49.70 3.48 Correlation is significant

[Table/Fig-3]: Correlation between right renal differential volume and right renal

differential function among study group.

Correlation between Rt differential volume and Rt
differential function among study group
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[Table/Fig-4]: Plot showing the differential function of right kidneys compared with

the differential volume.

Study Variable N | Mean | Std.Dev sl G p-value
relation
Lt Renal Diff Vol 61 | 50.34 2.23 0.271 0.035
Lt Renal Diff function 61 | 50.29 3.50 Correlation is significant

[Table/Fig-5]: Showing the correlation between the left differential volume and

function.
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[Table/Fig-6]: Plot showing correlation between left differential volume and left

differential function.

Analysis of Variance (ANOVA) was used for one-way classification
for four samples of Total GFR (eGFR), Cockcroft-Gault GFR, MDRD
GFR, Volume Calculated GFR (VC-GFR) with the null hypothesis as

H,: There is no significant difference of means of differences of GFR
[Table/Fig-9]:

Thatis Hy:p, =, =u, =4,

And the alternative hypothesis was defined as:

H,: At least two means are different.

By using the statistical software, Statistical Package for the Social
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Study variable | N | Mean | Std. Dev Pearson Correlation p-value
Total Volume 61 | 251.39 | 46.04 0.293 0.022
Total GFR 61 | 86.36 17.44 Correlation is significant

[Table/Fig-7]: Showing correlation between total GFR and total renal volume.

@ Total GFR ——Linear (Total GFR)
Correlation between Total volume and
Total GFR among study group

y 3 .111x + 58.13

@ R?=0§86
000

Total GFR

Total Volume

[Table/Fig-8]: Showing correlation between total renal volume and total GFR

(r=0.293, p=0.022).

Between Subject Factors
Value Label N Means
Type 1 Total GFR 61 pt
2 CG GFR 61 p2
3 MDRD GFR 61 u3
4 VC GFR 61 u4

[Table/Fig-9]: Classification of four samples — Total GFR, CG-GFR (Cockcroft-

Gault formula calculated GFR), MDRD-GFR (Modification of Diet in Renal Diseases
formula calculated GFR), VC GFR (Volume-based calculated GFR).

Sciences (SPSS), we obtained the ANOVA which showed the
significance value (p-value) was 0.000 (p=0.000) which revealed that
we cannot accept the null hypothesis. The alternative hypothesis
was then assessed.

The application of a post-hoc test (Tukey’s Honest Statistical
Difference Test) gives the results as shown in [Table/Fig-10]. It
is clear from above that there is more homogeneity between
Total GFR (eGFR) and VC-GFR in comparison to the others (p=
0.096). It was concluded that VC-GFR is closer to Total GFR
(eGFR).

Multiple Comparisons:
95% Confidence
Tukey HSD Mean Differ- . Interval
() ¥ype ) Type ence (I-J) Bt T Sk Lower Upper
Bound Bound
CG GFR 33.5107* 4.16378 |.000| 22.7385 | 44.2829
Total GFR  |MDRD GFR | -19.5257* | 4.16378 |.000 | -30.2979 | -8.7535
VC GFR -9.6745 4.16378 |.096 | -20.4467 | 1.0977
Total GFR -33.5107* | 4.16378 |.000 | -44.2829 | -22.7385
CG GFR MDRD GFR | -53.0364* | 4.16378 |.000 | -63.8086 | -42.2642
VC GFR -43.1851* | 4.16378 |.000| -53.9573 | -32.4129
Total GFR 19.56257* 416378 |.000| 8.7535 | 30.2979
MDRD GFR |CG GFR 53.0364* 416378 |.000| 42.2642 | 63.8086
VC GFR 9.8513 416378 |.087 | -.9209 20.6235
Total GFR 9.6745 416378 |.096 | -1.0977 | 20.4467
VC GFR CG GFR 43.1851* 416378 |.000| 32.4129 | 53.9573
MDRD GFR -9.8513 416378 |.087 | -20.6235 .9209

[Table/Fig-10]: Multiple comparisons among- Cockcroft Gault formula calculated
GFR, MDRD GFR-Modification of Diet in Renal Diseases formula GFR, VC-GFR —
Volume calculated GFR using Herts’ formula) using Tukey-HSD Test.

*The mean difference is significant at 0.05 level
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[Table/Fig-11]: Showing a scatter plot comparing the relationships of each
method of GFR measurement. There is maximum correlation between the VC-GFR
and Total-GFR methods of measurement (r=0.4727, p=0.00012).

We also analysed the CG-GFR and MDRD calculated GFR'’s of the
patients and plotted the following scatter diagram which showed
a positive correlation between Total GFR (eGFR) and Volume-
Calculated-(VC)-GFR(r=0.4727, p=0.00012) [Table/Fig-11].

DISCUSSION

For estimation of GFR in healthy adults, there is no accurate formula
as MDRD and CG formulae are meant for patients with CKD [6-8].
Currently available direct methods of assessment of GFR for kidney
donors are 24-hour urine creatinine clearance and radio-isotope
renogram based GFR estimation. The DTPA renogram method
is considered the investigation of choice [5]. Twenty-four-hour
urine creatinine clearance method can be used as an alternative
to isotope renogram, but it is associated with inherent errors and
inability to estimate differential renal function. In this study, we
evaluated a formula proposed by Herts B et al., which includes
renal parenchymal volume as an independent variable in calculating
GFR and we found that volume calculated GFR (VC-GFR) correlates
better with estimated GFR (eGFR) than GFR calculated by CG and
MDRD formula [9]. The Pearson correlation coefficient (r=0.472)
shows positive correlation.

Herts B et al., proposed this formula and applied it on 244 renal
donors. They found that correlation between renal volume-based
GFR and GFR measured by using 125l-iothalamate clearance was
+0.42 [9]. This model outperformed the MDRD equation in six of six
measurements. Samuel J et al., did a study on 224 healthy kidney
donors determinants and studied the functional significance of renal
parenchymal volume in adults and he found that GFR correlated
well with renal parenchymal volume (r=0.62) [12]. Donadio C et al.,
measured renal volume of 66 kidney donors by echo-graphic renal
dimensions to predict GFR and found that GFR estimated from
renal volume is more accurate than GFR estimated from serum
creatinine [13]. Miyazaki C et al., correlated split renal function as
depicted by DTPA/SPECT with CT Renal Volume and found strong
correlation (r=0.907) [14]. Sharma D et al., performed a correlative
study between differential renal function estimated from CT-based
functional renal parenchymal volume and *™Tc-DTPA renal scan
in 21 patients with unilateral obstructive uropathy and obtained a
correlation between differential renal volume and differential renal
function in obstructed units (r=0.828, p<0.001) as well as in non-
obstructed units (r=0.827, p<0.001) [15]. Ho SS et al., measured
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kidney volume with multi-detector CT scan in a young Korean
population and came to the conclusion that kidney volume predicts
estimated GFR significantly (adjusted r2=0.431, F=85.90 and p
<0.05) [16]. Morrisroe SN et al., in a study on 33 patients with chronic
obstruction, found a strong correlation between differential renal
function and differential renal volume in all cases (r=0.90, p<0.001),
including in enhanced (r=0.87, p<0.001) and nonenhanced (r=0.95,
p <0.001) groups [5]. Correlations were also noted in the less than
40% (r=0.76, p<0.001) and less than 30% (r=0.64, p=0.015) renal
function subgroups. Feder MT et al., studied 111 patients between
2005 and 2007 for any correlation between measured renal
parenchymal area with computerized tomography and differential
function with *Technetium-mercaptoacetyltriglycine renal scan to
ascertain whether CT measurements could predict differential renal
function and concluded that differential renal parenchymal area
measured by CT strongly correlates with differential function on renal
scintigraphy and it may obviate the need for nuclear renal scan in
some circumstances [17]. Summerlin AL et al., in a study found split
renal function based on 3D CT models may provide a “one-stop”
evaluation of both the anatomical and the functional characteristics
of the kidneys of living prospective kidney donors [18].

Our results also confirm the above findings of these studies. The VC-
GFR has the best correlation with eGFR, and with easy availability of
CT Scans, it is a suitable alternative to eGFR.

LIMITATION

The limitations of our study include a small sample size, the fact
that this was a single-centre study, in which experienced nuclear
physicians and radiologists were involved in reporting. In future,
this study can be the basis of a multi-institutional study to evaluate
the Herts formula in a larger number of patients. Potentially, after
validation, Herts formula can be used as a method of calculating
total and differential GFR in situations where radio-isotope scan is
unavailable due to limited access or prohibitive costs.

CONCLUSION

The present study evaluated the volume-based formula, proposed
by Herts et al., for calculation of GFR and found that in healthy adults,
this formula is accurate in predicting GFR. Another important aspect
of this formula is that individual renal function can also be obtained
without the need of isotope renogram, which has poor availability
and limited access in some middle- and low-income countries.
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