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Introduction: Renal parenchymal volume can be used clinically
to estimate differential renal function. Unfortunately, conventional
methods to determine renal volume from computed tomography
(CT) are time-consuming or difficult due to software limitations. We
evaluated the accuracy of simple renal measurements to estimate
renal volume as compared with estimates made using specialized
CT volumetric software.

Methods: We reviewed 28 patients with contrast-enhanced
abdominal CT. Using a standardized technique, one urologist
and one urology resident independently measured renal length,
lateral diameter and anterior-posterior diameter. Using the ellipsoid
method, the products of the linear measurements were compared
to 3D volume measurements made by a radiologist using special-
ized volumetric software.

Results: Linear kidney measurements were highly consistent
between the urologist and the urology resident (intraclass correla-
tion coefficients: 0.97 for length, 0.96 for lateral diameter, and 0.90
for anterior-posterior diameter). Average renal volume was 170
(SD: 36) cm?® using the ellipsoid method compared with 186 (SD
37) cm?® using volumetric software, for a mean absolute bias of -15.2
(SD 15.0) cm?® and a relative volume bias of -8.2% (p < 0.001).
Thirty-one of 56 (55.3%) estimated volumes were within 10% of
the 3D measured volume and 54 of 56 (96.4%) were within 30%.
Conclusion: Renal volume can be easily approximated from con-
trast-enhanced CT scans using the ellipsoid method. These findings
may obviate the need for 3D volumetric software analysis in certain
cases. Prospective validation is warranted.

Introduction

The use of computed tomography (CT) for preoperative
assessment of the renal anatomy is common.' In addition,
renal volume estimated by CT also correlates with renal

function*'" and permits concurrent evaluation of differential
renal function.’'® Unfortunately, renal volume estimates
using CT are time-consuming or require specialized 3D
volumetric software, 213151718 which has rarely been made
available for use in comparative studies.'®

Multiple previous studies have used a simple method to
estimate renal volume that substitutes linear renal dimensions
from 2D ultrasound, magnetic resonance imaging (MRI) or
CT scans into a formula for calculating the volume of an
ellipsoid.’®? The largest study to use the ellipsoid method of
renal volume estimation with CT evaluated 1018 patients after
radical or partial nephrectomy and incorporated the estimated
renal volume into a prognostic nomogram for postoperative
renal insufficiency.’ The nomogram was found to be predic-
tive of the 7-year probability of renal failure (r = 0.84), but
was not specifically designed to determine the accuracy of
the ellipsoid method for estimating renal volume." While
early studies using ultrasound and MRI demonstrated that the
ellipsoid method is likely to underestimate renal volume and
can suffer from poor inter-observer reliability,**2¢ less was
known about the accuracy of the ellipsoid method when CT
measurements were used.'®?* In 2011, Hwang and colleagues
reported on the accuracy of contrast CT measurements to
estimate renal volume in 138 living kidney donors.? The gold
standard was a volume calculated using kidney measurements
taken using calipers following nephrectomy. The correlation
coefficient for the ellipsoid method (r = 0.72) was slightly less
than that for the voxel-count method (r = 0.79), in which the
sum of the area of each CT slice image is multiplied by the
thickness of each section using automated software.

More recently, a study reported the accuracy of contrast
CT-based estimates of split renal function for 38 potential
renal donors with a modified ellipsoid method using nuclear
renography as the gold standard.'® The authors concluded
that, using measurements taken by radiologists, the ellipsoid
method could obviate the need for nuclear renography in
many such patients given the “high accuracy” (r = 0.84) and
“limited time for post-processing.”®
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The purpose of this study was to determine how well
simple contrast CT-based renal volume estimates made by
urologists using the ellipsoid method compare with those
determined using specialized 3D volumetric software.

Methods

A convenience sample of 28 consecutive patients was
included in the study. All patients were evaluated at a single
institution with a contrast-enhanced abdominal CT scan.
Patients included in the study had kidneys without congeni-
tal, cystic or neoplastic abnormalities. Preoperative renal
function was estimated using the 4-variable Modification
of Diet in Renal Disease (MDRD) formula.?” Before start-
ing the study, we received approval from the Mayo Clinic
Institutional Review Board. Given that no intervention was
involved and the CT scans of patients included in the study
were done as part of routine care, the requirement for patient
consent was waived.

Estimated renal volume from 2D kidney measurements

Linear renal dimensions (length, lateral diameter, anterior-
posterior diameter) were measured independently by a urol-
ogy resident and a urologist. Each reviewer was blinded to
the other reviewer’s measurements and to the 3D volume
measurements. Renal length was calculated from axial slices
by multiplying the slice thickness by the number of slices
between the superior and inferior tips of the kidneys. The
slice represented the greatest cross-sectional area for width
and thickness measurements. Lateral diameter was measured
from the lateral extent of the kidney to the renal sinus and
anterior-posterior diameter was measured perpendicular to
the lateral diameter (Fig. 1).

Renal volume using 3D software

The radiologist was blinded to the measurements collected
by the urologist and urology resident. Renal volumes were
calculated based on volume measuring software available
on an Advantage Workstation (General Electric, Milwaukee,
WI). Axial CT images acquired at 5-mm slice thickness
were electronically transferred to the imaging workstation.
The renal cortex was traced on each image showing renal
parenchyma and the renal pelvis was excluded from volume
measurement. Following complete tracing of each kidney,
CT volume was automatically calculated.

Data analysis
Renal volume was estimated from the linear dimensions

using the ellipsoid formula (Table 1). Agreement in linear
renal dimensions and volume were assessed using intraclass

correlation coefficients (ICC). The paired T-test was used to
compare 3D software volumes to ellipsoid equation esti-
mated volumes. Absolute volume bias was calculated by
subtracting the estimated renal volume from the 3D renal
volume. Relative volume bias was calculated by dividing
the absolute volume bias by the 3D renal volume. Accuracy
was determined by the proportion of cases where the rela-
tive volume bias was within 10% or 30% of the 3D volume.

We tallied baseline patient characteristics (Table 2). Linear
measurements were consistent between observers with
intraclass correlation coefficients of 0.97, 0.96 and 0.90
for length, lateral diameter, and anterior-posterior diameter,
respectively. Volume estimates based on the ellipsoid equa-
tion were highly consistent between reviewers (r = 0.95)
(Fig. 1).

There was good agreement between estimated volumes
calculated using the ellipsoid equation with those measured
using the 3D volumetric software (ICC 0.83 for reviewer 1
and 0.75 for reviewer 2) (Fig. 2). Average renal volume was
170 cm?® (SD 36) using the ellipsoid method compared with
186 cm?’ (SD 37) using volumetric software, for a mean abso-
lute bias of --15.2 cm?® (SD 15.0) and a relative volume bias
was -8.2% (p < 0.001). Thirty-one of 56 (55.3%) estimated
volumes were within 10% of the 3D measured volume and
54 of 56 (96.4%) were within 30%.

Fig. 1. Axial renal image with lateral diameter
measured from the lateral extent of the kidney to
the renal sinus and perpendicular anterior-posterior
diameter.

Table 1. The ellipsoid formula volume to estimate
renal volume

length x

lateral diameter x

anterior-posterior diameter x

/6
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Table 2. Baseline patient characteristics (n=28)
Characteristic Mean = SD (Median; range)
Age (years) 57.3 + 15.7 (61.5; 19-77)
Height* (cm) 171.3 = 11.4 (170; 154-196)
Weight* (kg) 87.9 + 21.3 (87; 54-133)
BMI* (kg/m?) 29.9 + 6.4 (29.1; 19.2-42.5)
Preoperative GFR®* (mL/min/1.73

67.6 = 13.1 (71.0; 29.0-85.8)

m?)
n (%)
Female gender 14 (50)
Side of assessment Left 16 (57)
Right 12 (43)

*n=27; 8GFR estimated using the abbreviated Modification of Diet in Renal Disease (MDRD)
method. SD: standard deviation; BMI: body mass index; GFR: glomerular filtration rate.

Discussion

We found this easy-to-perform ellipsoid method of esti-
mating renal volume consistent between non-radiologist
observers. We also found the estimated volumes correlated
closely to measurements made using specialized 3D volu-
metric software. On average, the ellipsoid method slightly
underestimated 3D volumes, but almost all were accurate
within 30%. Given the established relationship between
renal volume and function,*'® our findings suggest 3D vol-
ume software analysis is not necessary when estimating dif-
ferential renal function.

Older studies using 2D measurements from ultrasound or
MRIs revealed poor intra-observer reliability and, in general,
a larger underestimate of renal volume.?*?¢ In this study
using CT images, we found good intra-observer reliability,
lower bias and good accuracy. These findings are consis-
tent with recent publications; estimated renal volume using
an ellipsoid equation with CT measurements, performed by
radiologists, was highly correlated to renal scan differen-
tial function (r = 0.84) in one study'® and volume directly
calculated using direct post-nephrectomy measurements in
another.?

Using the ellipsoid equation to estimate renal volume
from CT images is faster than most 3D imaging software.
In a study of radiologists, the 2D measurements took an
average of 53 seconds compared to 302 seconds for semi-
automated 3D software'® and other studies report that about
15 minutes of post-processing is required for 3D volume
software without automation.'23

A potential pitfall to using renal volume to estimate renal
function is that these measurements do not include function-
al assessment, such as contrast attenuation. It would seem
logical that information about filtration function would add
to the assessment of differential function. However, several
studies show that calculations incorporating volume and
attenuation are less correlated to renal function than renal
volume alone.'>'>18
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Fig. 2. Scatterplot of calculated renal volumes using
2-dimentional lengths and the ellipsoid equation from
observer 1 and 2.
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Fig. 3. Scatterplot of calculated renal volumes from
observer 1 and 2 compared to software generated
3-dimentional volumes.

There are several important limitations to our study.
Patients did not have renal tumours and did not have major
anatomic or perfusion differences (i.e., large renal cyst,
hydronephrosis, segmental infarctions). As a recent study by
Gabitey and colleagues demonstrated, volumetric analysis
using 3D software for CT scan-based parenchymal kidney
volume measurements may be useful in the “prediction of
renal mass preservation and renal function in the arena of
nephron-sparing surgery.”? Given that the ellipsoid method
may not account for structural renal abnormalities, it may
not be clinically useful in these patients. Our findings do,
however, support the use of ellipsoid-based volume esti-
mates to assess split renal function for prospective transplant
kidney donors given that such patients are likely to have
renal abnormalities only as incidental findings. In addi-
tion, several studies have reported an association between
transplant kidney volume estimated using CT and long-term
recipient renal function.®3%3! Further studies in this field
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might be facilitated by the routine implementation of the
ellipsoid technique for renal volume estimation, one that
is relatively easily added to the routine clinical workflow
of radiologists or urologists.'® Lastly, having used a conve-
nience sample of relatively few patients, only 2 reviewers,
and 1 type of specialized 3D volumetric software, future
studies involving more patients and reviewers are required
to validate our findings.

Conclusion

We found that in using contrast-enhanced CT, a simple
method to estimate renal volume, we were able to show
good intra-observer reliability and performed well compared
to 3D software-based measurements. This suggests that the
use of specialized 3D software to estimate kidney volume
may be of limited additional value in the preoperative assess-
ment of differential renal function in certain circumstances.
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