
A Modified Ellipsoid Formula for Estimating Total Kidney Volume
Chao K1, Liao K1, Khan M1, Goldberg ID1, Narayan P1

1 Angion Biomedica Corp., Uniondale, NY-11553

Background
Changes in renal dimensions, including total kidney volume, not only inform ongoing renal disease

but also disease progression1,2. Determination of renal dimensions can inform drug efficacy, is

important for matching recipients with potential donors, and to inform debulking of renal tumors3-5.

Imaging of kidney and application of the ellipse-based formula has become standard for estimating

renal dimensions6. Nevertheless, the existing ellipse-based formula underestimates renal dimensions

including total kidney volume (TKV), regardless of the imaging modality used6,7. Based on a model of

murine kidney disease, this laboratory has previously8 proposed a modification to this formula which

exhibits better estimation of renal dimensions. The present study sought to determine whether this

modified formula is applicable to additional models of kidney disease including estimation of TKV in

a model of polycystic kidney disease (PKD).

Methods
Animal Models: Kidneys (Table 1) were retrieved from adult male and female obese ZSF1 rats9 (metabolic syndrome) at ~6 mo of age, and

adult male and female PCK rats10 (PKD model) at ~8 mo of age and healthy adult male Sprague-Dawley (SD) rats at ~6 mo of age.

Separately, adult male SD rats were injected with purumoycin aminonucleoside (PAN, 100 mg/kg, IP or vehicle) and left and right kidneys

retrieved 2 mo later when animals were ~6 mo of age. Adult male CD-1 mice were administered aristolochic acid11 (5 mg/kg/week × 3

weeks, IP)+NaCl (1% in drinking water) for a total of 2 mo. A control cohort of CD-1 mice received vehicle injection and regular water. Two

months into the study, animals were sacrificed and kidneys were retrieved. Adult male and female 129/Sv mice received an injection of

streptocozocin12 (STZ, 100 mg/kg/week × 3 weeks, IP) or vehicle (0.05 M sodium citrate buffer, pH 4.5). The STZ cohort was provided 1%

NaCl in drinking water. Animals were sacrificed 2 mo into the study and kidneys retrieved. All kidneys were sliced coronally and rested in

10% formalin for subsequent sectioning of 5 µm apart. The coronal sections were stained with hematoxylin and eosin (H&E), Masson’s

Trichrome or periodic acid Schiff (PAS).

Table 1. Summary of the murine and rat models utilized in study.

Renal Parenchymal Area Determination: H&E-stained coronal renal sections were photographed & the images were superimposed on a

precalibrated grid of 1 mm resolution, and using NIS-Elements D 3.1, the major axis (a), minor axis (b), and the extended minor axis (be) was

measured for each image as described previously by this laboratory [16]. Briefly, treating the coronal section of the kidney as an ellipse, the

major axis (a) represents the renal length and the minor axis (b) represents renal width (Figure 1). The minor axis is extended past the hilar

depression to determine the length of the extended minor axis (be). The ellipsoid-based equation, viz., 𝐴 = (π ∗ a ∗ b or be) / 4 was used to

calculate the renal parenchyma area. Calculated renal parenchymal areas, A, using b, or Ae using the extended be, were expressed in mm2.

Additionally, renal parenchymal area (in mm2) was measured by planimetry using the “area measurement” tool available in the software.

Total Kidney Volume (TKV)

Kidneys from SD and PCK rats were immersed in formalin and TKV was measured using

the volume of formalin displaced. For calculated TKV, kidney thickness (t) was first

determined by using Vernier calipers and then the following ellipse-based formula was

used: TKV = (π ∗ a ∗ b or be ∗ t) / 8.

Measured total kidney volume Vm and calculated total kidney volumes (V or Ve) were expressed in mm3.

Renal Scarring; To confirm the presence of disease Masson’s Trichrome staining was used to visualize collagen deposition.

Results (2)
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Species/Strain Disease Model Number of Kidneys 

SD Rat Healthy 8 

SD Rat PAN Glomerulosclerosis 16 

PCK Rat Polycystic Kidney Disease (PKD) 40 

Obese ZSF1 Rat Metabolic Syndrome 20 

CD-1 Mice Aristolochic Acid + NaCl Nephropathy 36 

SV129 Mice STZ + NaCl Nephropathy 26 

 

Figure 1. Renal parenchymal area. (A) An H&E-stained coronal section (4×)

superimposed on a 1 mm2 grid from the left kidney of a male obese ZSF1

rat. (B) The same renal section with labeled axes: white horizontal line

represents major axis (a), yellow vertical line representing minor axis (b). The

orange/brown outline around the kidney (white arrow) represents the

measured renal parenchymal area, Am. (C) The same renal section but with

the minor axis extended (be) past the hilum (red line) to meet the imaginary

dashed bar.

ResultsResults

Figure 2. Rat models of kidney disease. Representative

photomicrograph (10X) of PAS-stained kidneys from (A) a control

rat and (B) a (PAN-administered SD rat. Scarring of the glomerulus is

clearly evident in the latter. Representative photomicrograph (4X) of

Masson’s Trichrome-stained kidneys from (C) an age-matched male

SD rat and (D) an obese male ZSF1 rat. The ZSF1 rat exhibits

scarring within the renal tubulointerstitium.

Figure 3. Renal parenchymal area in healthy and diseased

rats. Kidneys were sourced from adult male and female

obese ZSF1 rats, adult male SD rats and adult male SD rats

administered PAN and sliced coronally. (A) A scatter plot of

A, the renal parenchymal area calculated using the existing

ellipse-based formula vs. Am, the measured renal

parenchymal area. (B) A scatter plot of Ae, the renal

parenchymal area calculated using the modified ellipse-

based formula with the extended minor axis vs. Am. (C) In

coronal renal slices, Am>A (*, p < 0.01) but Am not different

from Ae.
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Figure 4. Aristolochic acid+NaCl-induced kidney disease in mice.

Representative photomicrograph (4X) of Masson’s Trichrome-

stained kidneys from (A) a control CD-1 mouse and (B) an

aristolochic acid+NaCl-administered CD-1 mouse. Renal

interstitial scarring is clearly evident in the latter.
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Table 2. Summary of calculated parenchymal areas as a percentage of the measured area using the existing

ellipse-based formula and our modified ellipse-based formula.

*, p < 0.01 vs. measured parenchymal area

Model Kidney
Ellipse-based 
(% Measured)

Modified Ellipse-based 
(% Measured)

Healthy and Diseased Rat
Left 87.5 * 101.6

Right 85 * 99

Aristolochic Mice
Left 84 * 97.5

Right 87 * 102

Aristolochic Mice (blind. 
obs.)

Right 87 * 98

STZ Mice
Left 86.5 * 97

Right 87 * 96

Figure 6. Measured vs.

calculated TKV. (A) A 3D

rendering of renal

coronal slices from a PCK

rat (PKD model) showing

presence of cysts. (B) An

H&E-stained coronal

renal slice from a PCK rat.

(C) An H&E-stained

coronal renal slice from a

PCK rat with the major

axis (a), minor axis (b),

and extended minor axis

(be) indicated. (D) TKV

calculated using the

existing formula (V) was

lower than measured TKV

(Vm, *, p<0.01) ) whereas

TKV calculated using the

modified ellipse-based

formula (Ve) was not

different from Vm.

Figure 5. Renal parenchymal area in healthy and diseased mice

(aristolochic acid+NaCl). Kidneys were sourced from healthy

adult male CD-1 mice or adult male CD-1 mice with aristolochic

acid+NaCl nephropathy. In renal slices, Am > A (*, p < 0.01) but

not different from Ae. (B) In coronal right kidney slices, Am>A (*,

p < 0.01) but Am not different from Ae.

In healthy and diseased left and right kidneys from two genders and two species, we report

that calculation of renal dimensions using a modified ellipse-based formula provides a

better estimate of both renal parenchymal area and TKV in comparison to use of the existing

ellipse-based formula. More accurate determination of renal dimensions can inform

progression of renal disease including PKD and can better match a kidney donor with a

prospective recipient. Use of this technique can inform margins and remnant nephron mass

during excision of renal tumors.
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