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Abstract The gamma camera uptake method with

Tc-99m-DTPA (diethylenetriaminepentaacetic acid) is

a simple method for determination of glomerular

filtration rate (GFR), and is less time-consuming than

other methods, but its diagnostic accuracy is debated.

Gate’s method (low-dose; LD), the high-dose method

(HD), the predicted-clearance method, and the plasma-

clearance method with Tc-99m-DTPA are compared in

this study. We also performed GFR measurement and

diuretic renography simultaneously. Tc-99m DTPA

renography was performed in 36 patients aged 18–72

years with a wide range of renal function (serum

creatinine 1.37 ± 0.49 mg/dl). GFR was determined by

four methods: the gamma camera uptake method with

low-dose Tc-99m DTPA (Gates, LD); the gamma

camera uptake method with high-dose Tc-99m DTPA

(HD); the predicted creatinine clearance method (Cock-

croft–Gualt, CG); and the plasma sample clearance

(PSC) method using a mono-exponential curve. The

PSC method was chosen as reference. The regression

equations for the CG, Gates (low-dose), and HD

methods against the PSC method were 28.68 + 0.80X

(r = 0.72; P value \ 0.0001, RMSE = 21.65 ml/min/

1.73 m2), 6.19 + 0.79X (r = 0.90; P value\ 0.0001,

RMSE = 10.64 ml/min/1.73 m2), and 6.53 + 0.88X

(r = 0.93; P value\ 0.0001, RMSE = 9.35 ml/min/

1.73 m2), respectively. In comparison with determina-

tion of GFR by the PSC method, the CG method tended

to overestimate GFR while, perversely, the LD and HD

methods tended to underestimate GFR. The three

methods were in agreement with the PSC method but

the high-dose GFR method resulted in less error in

estimation of GFR. Furthermore, GFR measurement

and diuretic renography could be performed at the same

time when the high-dose method was used. Because of

the low cost and negligible radiation burden, this

method might be preferred for routine practice in

nuclear medicine.
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Introduction

Glomerular filtration rate is a commonly accepted

standard measure of renal function. The ideal way

of assessing renal function is to measure the

clearance of a substance that is freely filtered by
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glomeruli and does not undergo reabsorption or

secretion. The generally accepted gold-standard

technique for GFR assessment is inulin infusion

[1]. This technique is difficult and time-consuming

to perform and is therefore regarded as inappropriate

for routine clinical use. Determination of GFR as

measured by creatinine has been a recognized means

of assessing renal function for many decades [2].

Procedures using radiopharmaceuticals, especially

Tc-99m DTPA (diethylenetriaminepentaacetic acid),

have been proposed as rapid, less invasive, and

reliable options for estimating GFR [3]. Accurate

determination of the plasma concentration of the

injected radiotracer requires analysis of Tc-99m

DTPA levels in multiple blood samples obtained

over several hours and it is regarded as a reference

method [4]. However, this procedure requires serial

blood samples in order to perform the computation

necessary to calculate GFR. Thus the time interval

needed for acquiring the multiple blood samples,

which may be up to 4 h, combined with sample

counting and subsequent back extrapolation of data

to determine the radionuclide clearance rate, impose

logistical constraints on a busy nuclear medicine

department. Measuring clearance of Tc-99m DTPA

using a single blood sample has led to less accurate

results [5].

Camera-based methods for measuring renal uptake

of Tc-99m DTPA without blood or urine sampling

have been widely used [6]. The method introduced by

Gates [7] has been the most common routine method

[8, 9].

Although the diagnostic accuracy of these methods

is debated, they are regarded as convenient and less

invasive, and can also be used to evaluate the

function of each kidney individually [8, 9]. However,

a simple and accurate determination of GFR is still a

clinical challenge [10].

In addition, because the large dose of Tc-99m

DTPA used in diuretic renography can induce

significant camera dead-time errors in syringe count-

ing, dosing for diuretic renography is not carried out

simultaneously with GFR calculation and must be

performed separately.

The aim of this study was to evaluate a camera-

based method for estimation of GFR at the same time

as obtaining a diuretic renogram, known as the high

dose method (HD). Such a method would add

convenience to evaluation of renal function in routine

clinical practice. We also examined the relative

accuracy of GFR determined by the Cockcroft–Gualt

(CG), Gates, and HD methods and compared them

with GFR obtained by using a sampling DTPA

plasma-clearance method (as a reference).

Materials and methods

Participants and study design

Thirty-six patients who were referred to the depart-

ment of nuclear medicine for evaluation of renal

function were selected randomly for inclusion in this

study. The patients were recruited from the urology

and nephrology clinics at our hospital.

They were given a wide variety of clinical

diagnoses including chronic renal failure in four

patients, diabetic nephropathy in four, pyelonephritis

in one, reduced renal function of unknown cause in

four, pre-surgical renal function evaluation in 12,

various others in the remaining 11 cases.

The GFR was measured in each patient by four

separate methods. These methods were implemented

to 36 subjects for whom renograms with split renal

function accompanied by GFR were requested.

Determination of GFR by measurement of Tc-99m

DTPA clearance in multiple blood samples was used

as the reference method for evaluating renal function.

The GFR results obtained with these methods were

compared, and the correlation coefficient was

determined.

This study was approved by the institutional ethics

committee of Tehran University of Medical Science

and all patients signed written informed consent.

GFR methods

Gates (low dose) method

Each patient was hydrated with 300 ml water 20 min

prior to the examination. The patient lay down on a

bed in the supine position. All patients received 111

MBq Tc-99m DTPA as a rapid intravenous bolus

over 5–10 s through a heparin well. Immediately after

injection, the heparin well was flushed with 10 ml

sterile saline. A commercial Tc-99m-DTPA prepara-

tion (Atomic Energy Organization of Iran; AEOI,
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Tehran, Iran) was used. The labelling and quality-

control procedures of this preparation were per-

formed according to the manufacturer’s instructions.

The activity of the syringe and injection catheter was

measured before and after injection, and the post-

injection value was subtracted from the pre-injection

value to determine the net delivered activity. The

activity was placed at a point 30 cm distant from

detector on the imaging table and was counted for

1 min. Immediately after injection of Tc-99m DTPA,

posterior dynamic renal flow images (a 2-s frame for

60 s followed by a 30-s frame for 5 min) were

obtained in a 128 9 128 matrix. Residual activity in

the syringe was measured using a dose calibrator. The

GFR was calculated using the activity in the region of

the kidneys detected by the posterior detector

between 2 and 3 min after injection of Tc-99m

DTPA. Region of interest (ROI) over each kidney

was assigned manually on the frame added after

injection by selecting a crescent-shaped background

ROI in the inferior regions of the kidneys (Fig. 1).

Renal depth was estimated using the Tønnesen

equation at the level of the kidneys [7].

Renography, including high-dose method

The patient was hydrated with 300 ml water 20 min

prior to the examination and lay down on a bed in the

supine position. Tc-99m-DTPA was given through an

indwelling butterfly needle in an antecubital vein and

was followed by infusion of 20 ml normal saline.

After counting 18.5 MBq on a dual-headed gamma

camera (ADAC Genesys Malpitas, CA, USA)

equipped with a pair of low-energy collimators,

5.18 MBq/kg Tc-99m-DTPA administered to each

case. After that the ratio of injected dose (renogram)

to 18.5 MBq of Tc-99m-DTPA was calculated. The

ratio of multiplied to acquired counts with 18.5 MBq

Tc-99m-DTPA was inserted in the Gate formula as

pre-syringe count.

Frames of 128 9 128 matrix were recorded with

an online-computer, initially at one-second intervals

Fig. 1 Dynamic phase of Tc-99m DTPA renogram shows

prompt perfusion to the right kidney and delayed perfusion to

the left. On sequential static images, there is prompt

accumulation of tracer in the right intrarenal collection system

with subsequent excretion into ureter and bladder. Early

images show central photopenic region in the left kidney

which gradually fills with urinary tracer, but dose not empty.

Time-activity curves demonstrate normal time-to-peak on the

right and prompt washout of urinary tracer in response to lasix.

There is delayed time-to-peak on the left with no significant

urinary tracer washout following lasix. In addition, the camera

based GFR methods was quanitified using a dual-detector

gamma camera and activity between 2 and 3 min after

injection. A semilunar background is drawn in the inferior of

each kidney. Individual GFR (ml/min) and the percentage of

differential function then can be calculated. Furthermore, two

other methods (CG and PSC) were also carried out
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for 1 min and then at ten-second intervals for 29min.

The post-injection syringe with a straight needle

which was detached before the injection was again

counted in the same way as for pre-injection.

The region of interest (ROI) over each kidney was

assigned manually on the frame added from 2 to

3 min after injection. The GFR (GFRHD) was

automatically estimated by use of a commercially

available computer (ADAC Genesys Malpitas, CA,

USA) according to the Gates’ algorithm. Two nuclear

medicine specialists and three nuclear medicine

technicians were involved in the data analysis.

Venous blood samples were obtained from the arm

contralateral to the injection site 60, 120, 180, 240,

and 300 min after injection of Tc-DTPA. The sam-

ples were centrifuged, and plasma activity was

measured in a well counter (DCM-200, Aloka,

Tokyo, Japan).

Plasma-clearance method

Radioactivity in the plasma (ml) was calculated directly,

without a dilution procedure of a standard injected

solution, by the well counter. The GFR (GFRpsc) was

determined 60, 120, 180, 240, and 300 min post-

injection. The GFR was estimated from a monoexpo-

nential model fitted to multiple venous blood samples,

from a single exponential curve fitted through points

corresponding to multiple plasma samples [11–13].

Predicted creatinine clearance (Cockcroft–Gault’s

method)

The GFR (GFRcg) was also predicted from the serum

creatinine (SCr) level at renography using the Cock-

croft–Gault’s equation [14]:

For men GFR (ml/min) = [(140 - age) 9 weight]/

(SCr 9 72).Forwomen:GFR(ml/min) = 0.85 9 [(140 -

age) 9 weight)/(SCr 9 72)], where weight is body

weight (kg) and SCr is serum creatinine level (mg/dl)

The serum creatinine was measured by use of an

autoanalyser (Olympus AU-602, Tokyo, Japan) with

an enzyme method.

Normalization of GFR

The GFR (ml/min) obtained by the four methods was

normalized for a body surface area of 1.73 m2

according to Haycock’s equation [15].

Statistical analysis

For method comparison, standard linear least-squares

regression analysis and correlation test were used.

Data are presented as the mean ± one standard

deviation. For these analyses, commercially available

statistical product and service solutions (SPSS ver.13;

SPSS, Tokyo, Japan) and Microsoft Office Excel

2003 with added Analyse-it software were used.

Results

The study included 21 males and 15 females with

mean age 45.42 ± 17.18 and 47.13 ± 14.57 years,

respectively. There was no significant difference in

age of the two genders (P value = 0.75). Measured

SCr (normal B 1.0 mg/dl) for the subjects ranged

from 0.50 mg/dl to 2.24 mg/dl with mean 1.37 mg/dl

(SD = 0.49 mg/dl).

The values of GFR with the PSC method were

64.89 ± 30.91 and 53.63 ± 21.36 ml/min/1.73 m2

for males and females, respectively, which was not

statistically significantly different (P value = 0.23).

The regression equations of the CG, Gates (low

dose), and the HD methods against the PSC method

were 28.68 + 0.80X (r = 0.72; P value\0.0001,

RMSE = 21.65 ml/min/1.73 m2), 6.19 + 0.79X

(r = 0.90; P value\0.0001, RMSE = 10.64 ml/min/

1.73 m2), and 6.53 + 0.88X (r = 0.93; P value\
0.0001, RMSE = 9.35 ml/min/1.73 m2) respectively

(Figs. 2–4).

Fig. 2 Linear regression of the reference glomerular filtration

rate (GFRpsc) versus the CG glomerular filtration rate

(GFRCG) in 36 subjects. The dotted curves represent the

95% tolerance limits of GFRpsc for a given GFRCG
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The Gates (low-dose) method tended to underesti-

mate GFR while the CG method had tendency to

overestimate GFR (Table 1, Fig.5). Differences

between the GFR (GFRpsc - GFRcg), (GFRpsc -

GFRgates), and (GFRpsc - GFRHD) were -17.30 ±

22.00 ml/min/1.73 m2, 6.33 ± 11.96 ml/min/1.73 m2,

and 0.26 ± 9.73 ml/min/1.73 m2, respectively

(Table 1, Fig. 4).

Discussion

Accurate measurement of total or differential renal

function plays an important role in the clinical

management of various renal diseases. The inulin

clearance method, which is known as the gold

standard, requires constant infusion of inulin and

accurately timed collection of blood and urine

samples [1].

In clinical practice, plasma creatinine is measured

as an estimate of the GFR, on the assumption that

creatinine is completely filtered across the glomeru-

lus and that creatinine production and excretion is

constant. The plasma creatinine concentration is then

inversely related to the GFR. In addition, creatinine

production depends on muscle mass and is age and

sex-related. To apply the C&G formula, plasma

creatinine must be in the steady state [14]. The

formula is inaccurate in patients with liver disease,

muscle wasting, oedema or extreme adiposity [14].

Furthermore, with creatinine, the ratio of glomerular

filtration to tubular excretion varies unpredictably in

pathologic states [16]. Moreover, creatinine clearance

Fig. 3 Linear regression of the reference glomerular filtration

rate (GFRpsc) versus the low dose glomerular filtration rate

(GFRLD) in 36 subjects. The dotted curves represent the 95%

tolerance limits of GFRpsc for a given GFRLD

Fig. 4 Linear regression of the reference glomerular filtration

rate (GFRpsc) versus the HD glomerular filtration rate

(GFRHD) in 36 subjects. The dotted curves represent the

95% tolerance limits of GFRpsc for a given GFRHD

Table1 Differences between GFR measured by the CG, low-

dose, and high-dose methods against the plasma sample

method

Method Mean SD Max Min

CG -17.03 22.00 51.40 -71.70

Low-dose 6.33 11.96 29.20 15.70

High-dose 0.26 9.73 19.20 -22.40

Fig. 5 Boxplots of difference in GFRs by the Cockcroft-

Gault’s, High dose and Gates’ method (Low Dose) against the

PSC GFR method. The dotted lines indicate the median and the

continuous line quartiles values. Difference in the GFRpsc-

GFRCG # GFR CG; Difference in the GFRpsc-GFRHD # GFR

HD; Difference in the GFRpsc-GFRLD # GFR LD
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determines the total glomerular filtration rate (GFR)

and not individual renal function.

In our study, although the CG method was

correlated with the PSC method (r = 0.72) it was

less precise than the Gates method for predicting the

GFR. In addition, the CG method tended to overes-

timate GFR which is explained by the above reasons

and has been shown in prior studies [17].

The Gates (LD) method correlated well with the

plasma sample method (r = 0.91) and was more

accurate than the CG method. In addition, the Gates

(LD) method underestimated GFR values. These

results were consistent with previous results [18, 19].

Galli et al. demonstrated that the Gates’ method (LD)

underestimated GFR at all levels between 25 and

150 ml/min in 40 adult patients in comparison with

Sapirstein’s formula and Russell’s two-sample

method using 51Cr-EDTA [20]. In another study, by

Wang et al., comparison of the Gates (LD) and 24-h

CCr methods for GFR determination showed a

correlation coefficient (r) of 0.89 [21]. Despite the

relative accuracy of the Gates method, others have not

reported GFR values with the same accuracy [4, 22].

Gates reported a good correlation between renal

uptake of DTPA and renal function using height and

weight to measure renal depth (Tønnesen formula) [7].

Gates’ method (LD) estimates the clearance based

on the ratio of the sum of the left and right renal count

rates approximately 2 min post-injection to the esti-

mated dose measured in kidney geometry in the

posterior view. This ratio depends on several situa-

tions and on a number of measured and estimated

conditions, for example net injected dose, system dead

time, the quality of the injection bolus, estimated

kidney depths based on patient height and weight

(particularly critical in obese patients), gamma camera

sensitivity, linear attenuation coefficient of the radio-

isotope in the body at the level of the kidneys, and the

sizes and shapes of the manually or automatically

created whole kidney and renal background regions of

interest (ROIs) in the individual patient. We used

routine quality-control testing of the DTPA after

reconstitution and also corrected background activity

by selecting a crescent-shaped background region of

interest (ROI) in the inferior regions of kidneys to

prevent errors in the estimation of GFR.

Our data showed that the high-dose method can be

an acceptable method of determining GFR and

obtaining a diuretic renogram simultaneously.

The high-dose method correlated better than the

low-dose method with PSC GFR. This may be because

of greater count loss in most gamma cameras—

because we counted 18 MBq as a presyringe injection

in the HD method compared with 111 MBq in the LD

method—and, second, because administration of

about 370 MBq in the HD method rather than 111

MBq in the LD method results in better contrast and,

subsequently, better drawing of kidney and back-

ground ROIs resulting from augmented signal-to-

noise ratio (S/N ratio). We also considered the above-

mentioned utilized points in the acquisition and

processing stages in the HD procedure.

A study similar to ours that was performed with

370–550 MBq (10–15 mCi) of 99mTc-DTPA and a

gamma camera on 104 patients to compare this

method and blood sampling for GFR assays resulted

in a regression equation y = 6.9 + 0.91x (r = 0.94),

and it was concluded that this method would be

suitable for inter-institutional comparison and for

longitudinal patient studies [23]. Mulligan et al.

compared results of GFR computed using the HD

technique with a six-point dual-exponential plasma

reference model. A large dose (740 MBq) of Tc-99m-

DTPA was injected. The technique for determination

of injected counts was modified to use a dose

calibrator to measure the activity being injected,

which, in turn, was multiplied by the camera counting

efficiency to determine equivalent ‘‘camera count’’.

The overall correlation (r) was 0.895 [24].

Therefore, in addition to Tc-99m-DTPA renogra-

phy enabling precise measurement of global and

individual renal function, it provides notable infor-

mation such as quantitative individual renal function

and pathophysiological changes of the kidney in

renovascular hypertension, hydronephrosis, and renal

transplant.

Furthermore, GFR measurement and diuretic re-

nography could be performed at the same time when

the high-dose method is used. Because of low cost and

negligible radiation burden, this method might be

preferred for routine practice in nuclear medicine.

Finally it should be emphasized that our study has

some drawbacks. In our study we calculated GFR as

measured by creatinine using Cockcroft–Gault’s

method in few cases with wide ranges of creatinine

and without consideration of some exclusion criteria for

using the creatinine clearance method. It is, therefore,

necessary to perform larger, well-designed studies.
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Conclusion

The three methods were in agreement with the PSC

method but the high-dose GFR method resulted in

less error in estimation of GFR. Gates’ method is

more precise than Cockcroft–Gault’s method.

Because of its rather low costs, easy performance,

and high accuracy, the HD method can be used

safely, which may allow it to be easily performed as

an adjunct to Tc-99m-DTPA renography, thereby

providing clinicians with simultaneous measurement

of GFR and a Tc-99m-DTPA renogram.
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