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Abstract: A camera-based method using Technetium-99m diethylenetriaminepentaacetic acid (Tc-99m
DTPA) is commonly used to calculate glomerular filtration rate (GFR), especially, as it can easily
calculate split renal function. Renal depth is the main factor affecting the measurement of GFR
accuracy. This study aimed to compare the difference of renal depths between three formulae and a
CT scan, and, additionally, to calculate the GFRs by four methods. We retrospectively reviewed the
medical records of patients receiving a renal dynamic scan. All patients underwent a laboratory test
within one month, and a computed tomography (CT) scan within two months, before or after the
renal dynamic scan. The GFRs were calculated by employing a renal dynamic scan using renal depth
measured in three formulae (Tonnesen’s, Itoh K’s, and Taylor’s), and a CT scan. The renal depths
measured by the above four methods were compared, and the GFRs were compared to the modified
estimated GFR (eGFR). Fifty-one patients were enrolled in the study. The mean modified eGFR
was 60.5 £ 42.7 mL/min. The mean GFRs calculated by three formulae and CT were 45.3 £ 23.3,
54.7 £ 27.5,56.5 £ 26.3, and 63.7 £ 30.0, respectively. All of them correlated well with the modified
eGFR (r = 0.87,0.87, 0.87, and 0.84, respectively). The Bland—Altman plot revealed good consistency
between the calculated GFR by Tonnesen’s and the modified eGFR. The renal depths measured using
the three formulae were smaller than those measured using the CT scan, and the right renal depth
was always larger than the left. In patients with modified eGFR > 60 mL/min, the GFR calculated by
CT was the closest to the modified eGFR. The Renal depth measured by CT scan is deeper than that
using formula, and it influences the GFR calculated by Gate’s method. The GFR calculated by CT is
more closely related to modified eGFR when modified eGFR > 60 mL/min.

Keywords: glomerular filtration rate; Gate’s method; renal depth; computed tomography

1. Introduction

Globally, people suffering from chronic kidney disease (CKD), acute kidney injury
(AKI), and renal replacement therapy exceed 805 million in total [1]. Renal diseases are a
notable public health issue and a leading, heavy, burden on the medical system. By 2040,
CKD is predicted to become the fifth leading cause of death [2]. Renal diseases are not
easily diagnosed, as they are asymptomatic in their early stages. Therefore, the accurate
measurement of the glomerular filtration rate (GFR) is critical for detecting renal function
and for clinical treatment.

Although inulin clearance has been the widely accepted gold standard [3] for mea-
suring the GFR, this methodology is time-consuming, expensive, and not easily available,
making it unsuitable for routine clinical use. Some equations such as Cockcroft-Gault
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(CG) [4], modification of diet in renal disease (MDRD) [5], and CKD epidemiology collabo-
ration (CKD-EPI) [6], which estimate GFRs based on serum creatinine measurement with
ease and convenience, have been widely accepted for clinical use.

Among other techniques aimed to estimate GFR, the camera-based method with
technetium-99m (Tc-99m) diethylenetriaminepentaacetic acid (DTPA) using modified Gate’s
method represent an easy way to estimate unilateral renal function. In addition, it can
determine unilateral renal blood flow and distinguish between renal pelvic ectasia and
post-renal obstruction. This is important clinical information for patients with unilateral
renal disease, and for kidney donations. Unfortunately, some researchers have questioned
the method [7,8].

The most important factor of Gate’s method affecting the GFR is renal depth [9]. The
more accurate the measurement of renal depth, the more accurate the GFR calculation
will be. The renal depths have been measured by techniques such as ultrasound (US),
lateral view in radionuclide renal scintigraphy, and the computed tomography (CT), with
varied precisions [10,11]. The current study aimed to compare the renal depth measured by
different formulae and a CT scan, and it additionally sought to compare the GFR calculated
from different methods with the reference value.

2. Materials and Methods
2.1. Patients

This is a retrospective study that analyzed the medical records of patients from nuclear
medicine databases from September 2019 to September 2020 in Kaohsiung Medical Univer-
sity Hospital. Patients were accepted if they fulfilled the following criteria: (i) had received
radionuclide renal dynamic imaging; (ii) had received an abdominal CT scan within two
months before or after the radionuclide renal scan; (iii) had undergone a laboratory test for
plasma creatinine (Pcr) within a month; and (iv) were more than 20 years old. The study
review process was approved by the Institutional Review Board of Kaohsiung Medical
University Hospital. (KMUHIRB-E(I)-20210244).

2.2. Renal Dynamic Image

Thirty minutes before the exam, patients were encouraged to drink at least 300 mL
of water. Each patient’s age, sex, body weight, and body height were entered into the
workstation. We noted the full syringe dose at the beginning and the empty syringe
dose at the end of the examination. Patients were placed supine, and the procedure
began immediately after the bolus intravenous injection of 6 mCi Tc-99m DTPA. The
renal dynamic image was acquired in a 128 x 128 frame matrix for the ensuing 22 min
using a Siemens E. CAM gamma camera (Siemens, Erlangen, Germany) equipped with a
low-energy high-resolution collimator.

The regions of interest for each kidney were drawn manually by an experienced nu-
clear medicine radiographer. The background ROI for subtraction was drawn automatically
by placing a semilunar region around the outer-lower aspect of each kidney (Figure 1). The
GFRs were calculated by Gate’s method using the following formula [9].

Dual renal uptake (%) = [(Cr — Crb)/e™ HRD 4 (Cl — Clb /e *P)]/(Full — Empty)

GEFR = dual renal uptake (%) x 100 x 9.8127 — 6.82519

where Cr: right kidney counts, Crb: right background counts, Cl: left kidney counts, Clb:
left background counts, RD: right kidney depth, LD: left kidney depth, u: attenuation
coefficient of Tc-99m in soft tissue (0.153 cm™!), e: Euler’s number, Full: full syringe counts,
Empty: empty syringe counts
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Figure 1. Demonstration of the region of interest (ROI) when calculating the glomerular filtration rate
(GFR) by Gate’s method from a 33-year-old woman. The ROIs for each kidney were drawn manually
via the compression posterior image. Background subtraction was drawn by placing a semilunar ROI
in the outer-lower of each kidney automatically.

The renal depth was estimated by the following three formulae (developed by Ton-
nesen, Itoh K, and Taylor, respectively) [12-14] and a CT scan.

2.3. Assessment of Renal Depth by Tonnesen’ s Formula

The right renal (dR) and left renal (dL) depths were estimated from the body height
and weight using the following equations [12]:

dR =13.3 x (BW/BH) + 0.7

dL =13.2 x (BW/BH) + 0.7
where BW: body weight(kg), BH: body height(cm).

2.4. Assessment of Renal Depth by Itoh K’s Formula

The right renal (dR) and left renal (dL) depths were estimated from body height and
weight using the following equations [13]:

dR =13.6361 x (BW/BH)*0%%

dL = 14.0285 x (BW/BH)O.7554
where BW: body weight(kg), BH: body height(cm).

2.5. Assessment of Renal Depth by Taylor’s Formula

The right renal (dR) and left renal (dL) depths were estimated from the body height,
body weight, and age using the following equations [14]:

dR =15.31 x (BW/BH) + 0.022 x age + 0.077

dL =16.17 x (BW/BH) + 0.027 x age — 0.94
where BW: body weight (kg), BH: body height (cm), age: patient’s age (year).

2.6. Assessment of Renal Depth by CT

The CT scan was performed in the supine position with a 5 mm slice thickness spiral
scan covering the whole abdomen (Figure 2). We chose the axial views, including the
middle point of the long axis of each kidney, and the renal depth was defined as the
distance from the middle point of the anteroposterior diameter to the body surface on the
back in each view.
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Figure 2. Demonstration of measuring the renal depth via CT image. Two axial slices including the
middle of each kidney were collected. The point of deepest (D) and superficial (S) to back body
surface were drawn. The renal depth was calculated as (D + S)/2.

2.7. Estimated GFR (eGFR)

The eGFR was a creatinine-based equation and was modified with CKD patients in
Chinese patients. The GFRs were calculated with renal depth assessed by three formulae
and a CT scan, and they were compared with the eGFR estimated using the following
equations [15]:

eGFR (mL/min/1.73 m?) = 175 x (Pcr) 2% x (Age) %177 (x0.79 if female)
where Pcr was in unit of mg/dL; Age was in years.

2.8. Modified Estimated GFR (Modified eGFR)

We use the body surface area (BSA) according to Du Bois to modify the estimated
GFR [16]:
Modified eGFR(ml/min) = eGFR x (BSA/1.73)

BSA (m?) = 0.20247 x BH%7?® x BWY42>
where BH: body height (m); BW: body weight (kg).

2.9. Statistical Analysis

Continuous variables of measurement data were expressed as mean + standard
deviation (SD). A regression test was performed to compare the correlations between
the calculated GFRs and modified eGFR. The Bland—-Altman, boxplots, and data were
analyzed using the MedCalc Statistical Software, version 20.014 (MedCalc Software Ltd.,
Ostend, Belgium; https://www.medcalc.org; lasted accessed on 17 November 2021). A
p-value < 0.05 was considered statistically significant.

3. Results

A total of 51 patients, consisting of 21 males and 30 females with a mean age of
60.5 years (range 25-86 years), were enrolled in this study (Table 1). Among them, ten
patients were diagnosed with comorbid diabetes mellitus. Clinical manifestations of
these patients included hydronephrosis and renal calculus (n = 32, 62.7%), renal tumors
(n =10, 19.6%), urinary tract infection (n = 2, 3.9%), acute kidney injury (n = 1, 2.0%), and
some other or undetermined diagnosis (n = 6, 11.8%). Plasma creatinine level ranged
from 0.48 mg/dL to 6.12 mg/dL, and the mean value was 1.8 & 1.3 mg/dL. The average
modified eGFR was 60.5 & 42.7 mL/min. The mean GFRs calculated by Tonnesen’s formula,
Itoh K’s formula, Taylor’s formula, and CT were 45.3 & 23.3, 54.7 £ 27.5, 56.5 & 26.3, and
63.7 £ 30.0, respectively.
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Table 1. Clinical characteristics of 51 patients enrolled in this study.

Variable Values 2
Age 60.5 £ 13.3
Sex

Male 21 (41)

Female 30 (59)
Height (cm) 160.6 = 8.3
Weight (kg) 63.4 +10.9
BMI (kg/m?) 245435
Plasma creatinine (mg/dL) 1.8+ 1.3
Modified eGFR (ml/min) 60.5 + 42.7
Tonnesen’s GFR (ml/min) 453 +£23.3
Ttoh K’s GFR (ml/min) 54.7 +£27.5
Taylor’s GFR (ml/min) 56.5 £ 26.3
CT GFR (ml/min) 63.7 £30.0

Abbreviations: BMI, body mass index; modified eGFR, estimated GFR by modified abbreviated modification of
diet in renal disease study equation and modify by body surface area; GFR, glomerular filtration rate; SD, standard
deviation; CT, computed tomography. # Values are presented as No. (%) or mean =+ SD.

The scatter plot and regression lines are seen in Figure 3. The correlation coefficient of
the calculated GFRs (Tonnesen’s, Itoh K’s, Taylor’s, and CT) and modified eGFR were 0.87,
0.87, 0.87, and 0.84, respectively. All were statistically significant with a p-value < 0.001.
The Bland-Altman plot showed good agreement between GFRs calculated by Tonnesen’s
(p =0.0001) and the modified eGFRs. However, no statistical difference was observed
between the GFRs calculated by Itoh K’s (p = 0.0818), Taylor’s (p = 0.2355) methods, and by

a CT scan (p = 0.3402) and the modified eGFR (Figure 4).
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Figure 3. The correlation between GFRs calculated using renal depth by four ways and modified
eGFR. (A), the GFR calculated using the renal depth estimated by Tonnesen’s formula (r = 0.87,
y = 0.476x + 16.477). (B), the GFR calculated using the renal depth estimated by Itoh K’s formula
(r=0.87,y =0.560x + 20.879). (C), the GFR calculated using the renal depth estimated by Taylor’s
formula (r = 0.87, y = 0.534x + 24.170). (D), the GFR calculated using the renal depth estimated by CT

(r=0.84, y = 0.589x + 28.101).
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Figure 4. The Bland-Altman plot for GFRs calculated through four methods and the modified eGFR.
(A), GFR calculated by Tonnesen’s formula (p = 0.0001). (B), GFR calculated by Itoh K’s formula
(p = 0.0818). (C), GFR calculated by Taylor’s formula (p = 0.2355). (D), GFR calculated by CT scan
(p = 0.3402).

The renal depth, when estimated by the three formulae, was significantly smaller
than that estimated by a CT scan (all for p < 0.05), and the right side was somewhat larger
than the left side (p < 0.05; Figure 5). On the contrary, the deeper right renal depth was
found only in 63% of the patients when estimated by CT scans. In patients with modified
eGFR > 60 mL/min, the GFRs calculated using Tonnesen’s formula were obviously low,
leading to the underestimation of the GFR in the clinical setting. The GFRs calculated using
CT scans were closer when the modified eGFR was more than 60 mL/min (Figure 6).
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Figure 5. The boxplots for comparison of the bilateral renal depth measured by three formulas
(Tonnesen’s, Itoh K’s, and Taylor’s) and the CT scan. (A), right renal depth. (B), left renal depth.
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Figure 6. The boxplots for comparison of the GFRs calculated by Tonnesen’s, Itoh K'’s, Taylor’s
formula, CT scan, and the modified eGFR. (A), patients with modified eGFR more than 60 mL/min.
(B), patients with modified eGFR less than 60 mL/min.
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4. Discussion

This is a retrospective study that analyzed and compared how the renal depth influ-
ences the GFR. As previously mentioned, renal depth is the main factor affecting Gate’s
method [9]. In our study, we found that the GFR calculated by four methods (three formu-
lae and the CT scan) were all well correlated to the modified eGFR. However, the depths
of both kidneys measured by CT were significantly deeper than those measured by the
other three formulae. Further, in the current study we noticed that, in the patients with a
modified eGFR over 60 mL/min, the GFR calculated by Tonnesen’s is underestimated due
to the smallest renal depths. Moreover, the GFR calculated by CT renal depth is closest to
the modified eGFR. The result is compatible with that described in the previous studies, in
which it was stated that Gate’s method underestimated GFR because Tonnesen’s formula
underestimated the renal depth [14,17,18].

The plasma creatinine equation and creatinine clearance have been used widely in
estimating the GFR, and, thus, were used as the reference in the current study. It is a simple
method in clinical practice, but there are some limitations. First, the separate renal GFR
cannot be assessed and calculated. Second, it is not suitable in some patient groups, such
as obese individuals, children, pregnant women, and patients without CKD. It has been
reported to overestimate GFR in malnourished patients [4], and underestimate it in healthy
people [5].

Nowadays, Gate’s method is still the method most preferred in the clinical evaluation
of the GFR. It has the advantage of providing total GFR while also calculating the separate
renal GFR at the same time. In clinical practice, patients who received the renal dynamic
imaging may have various conditions of unilateral renal disease, e.g., urinary tract obstruc-
tion, tumor, renal artery anomaly, congenital renal abnormality, and pyelonephritis, etc.
Measuring the renal depths accurately is crucial, but it is not always easy in calculating
the GFR. Some previous studies reported that the depth of the right kidney is deeper than
that of the left side [12-14]; however, in the current study, only 63% of patients had deeper
right kidney than left side. The exact reason for this finding is not certain, but we speculate
that there may be selection bias due to different clinical backgrounds and relatively smaller
patient populations. We need to consider this situation when we estimate unilateral renal
function. It will help improve the accuracy of clinical diagnosis.

Acquiring the lateral view when conducting the dynamic renal imaging is simple and
clinically feasible without additional radiation exposure for accurate GFR measurement [19].
However, in patients with clinical situations such as hydronephrosis and tumor, radiotracers
cannot be detected completely and, therefore, this decreases the scanning validity. Based
on the attenuation coefficient of Tc-99m in soft tissue of 0.153, even a 1-cm error (either
positive or negative) in the renal depth measurement will lead to a 14-16% error, either
under or over-estimation, in the calculation of the GFR [20,21]. In the current study, 82.3%
of patients had hydronephrosis, renal calculi, and/or renal tumor, so we did not use lateral
view acquiring for renal depth evaluation.

With respect to the CT scan, the advantage is found in the clear anatomic depiction.
It measures objective renal depth while also providing information of renal location and
morphology, and, thus, it helps to raise the accuracy when evaluating the GFR. The
multidetector CT had been used to measure unilateral renal GFR [22,23]. Kwon et al.,
reported that unilateral GFR measured by contrast enhanced CT was reproducible and it
agreed well with the iothalamate clearance [22]. An additional article by You et al. reported
that, with a renal dynamic image as the reference, the unilateral renal GFR measured by
CT revealed a well and significant correlation [23]. We have found similar results in the
current study, especially for patients with modified eGFR over 60 mL/min. However, there
is a disadvantage pertaining to additional radiation exposure during the CT scan, and this
should be taken into consideration in clinical settings.

Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI), based on the
intrarenal kinetics of contrast, is another clinical technique for evaluating the GFR, and
this has now been studied [24,25]. The best advantage of using DCE-MRI to measure
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GEFR is that patients receive no ionizing radiation exposure. However, the accuracy of the
technique has not yet been validated with the standard reference. Additionally, checking
renal function before administrating the contrast agents in patients with renal function
impairment is also important.

The current study compared the clinical roles of three formulae, and CT scans, on
evaluating bilateral renal depths and calculating the GFR. There are some limitations
in the current study. First, it was a retrospective study design with relatively smaller
patient population. Second, the patients” background was relatively diverse although more
than half of the patients displayed clinical symptoms of urinary tract obstruction and/or
hydronephrosis. Further prospective studies dealing with larger patient populations and
similar clinical settings may be conducted.

5. Conclusions

According to our results, it is found that the renal depth estimated by CT scans is
evidently deeper than that measured by the three formulae. The value of the GFR calculated
by CT scans is closer to the modified eGFR in patients with modified eGFR over 60 mL/min.
It is potentially valuable for us to take these findings into consideration when clinically
dealing with the GFR.
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