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The modUied Oherhausen technique is widely used in the estimation of hippuran c/earance. Howeve1; when 
using a gamma camera the slope of the retention cu111e may be i1ifluenced by scattered photons from the 
kidneys. Therefore, the aim of this study was to quantify renal scatter and to elucidate the underlying factors. 
Scatter was measured in a seperate energy window in 47 patients with fast and in 31 patients with prolonged 
reno-vesical transport. An excellent correlation between renal clearance obtained with and without scatter 
correction was yielded (n = 76; 12 

= 0.993, SEE = 10.7 ml/min/1.73 m2 ). In two patients only, we 
underestimated renal clearcmce hy 43 and 47 % when scatter correction was omitted (see Figure 1). As 
underlying factors we determined ohstruction mul concomitant impaired renal function. In conclusion, in 
these patients cm underestimation of renal c/earance in renal function studies should be kept in mind. 
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Introduction 

Rena! function scintigraphy with iodine-123-hip
puran is an established quantitative method in nu
clear medicine. 1-J The classical definition of renal
clearance for the single shot-technique and falling 
plasma concentration of radioiodine-hippuran is to
tal body loss (dm) of the tracer per tirne (dt) devi
ded by the corresponding plasma concentration 
(Cr1), according to equation l .

dm 

Cl =
dt 
CI', 

(1) 
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This approach is free of any assumption concern
ing compartment analysis, may be directly meas
ured by cliagnostic in nuclear medicine, and has 
become a clinically feasible method of reference.) 
The original method requires total body count de
tection with renal ancl urinary bladder shielding_.i. 5

For reasons of practicability this methocl was modi
fiecl by using a gamma camera backgrouncl region
of-interest."-9 The resulting time-activity-curve was 
assumed to be representative for the total body re
tention curve of the tracer. This assumption has not 
been confirmed by the original author and indeed, 
in a careful comparison proved to be not reliable 
enough for clinical patient care. 10 This may be due 
to scatter of renal count rate into the backround ROI 
which are in the same field of view of the gamma 
camera used. However, in routine patient manage
ment clearance estimation is not intluencecl, since 
the time-activity-curves of both renal and background 
ROi have a parallel tirne course in the tirne interval 
of interest from 12 to 24 min post injection. 
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On the other hand, in patients with obstuctive 
uropathy a time-dependent increase of count rate 
over both kidneys yields a non-parallel tirne course 
of the respective time-activity-curves. In consequen
ce, scatter of the kidneys may artificially flatten the 
total body retention curve. This directly results in a 
falsely decreased radioiodine-hippuran clearancc. 

Thercforc. thc purposc of this study was to csti
mate and subscqucntly to compcnsate for any unde
sired elTccts of renal scatter on thc background 
slope. Parts of thc results have been published in 
brief rccently.11

-
1

) 

Materials and methods 

Out of routine clinical patient care 78 patients were 
included consecutively. These patients were devi
ded into two groups: 47 patients (20 temale, 27 
male. age: 48 .5 ± 16.7 years) with normal or fast 
reno-vesical transport and 31 palients ( 1 O female, 
21 male. age: 49.4 ± 25.4 years) with prolonged 
reno-vesical transport. Rena! scintigraphy was per
fonned in ali patients arter a bolus injection of 40 
to 80 MBq 1-123-hippuran in a conventional man
ner. Serial images were acquired in a posterior view 
using a LFOY-gama-camera equipped with a LEAP
collimator (Gamma Diagnost Tomo. Philips. The 
Netherlands) up to 25 min p. i. The symmetric 
1 O% energy window was set on the photopeak of 1-
123. i. e. 144-176 keY. The clearance was derived
according to equation I using the physiologic ap
proach ror clearance estimation. i. e. plasma con
centration al 12 and 24 min p. i. and the slope of the
camera background retention curve at the respec
tive tirne were combincd with the standard algo
rithm. The background ROi was positioned in the
largest possible distance to lhe kidneys in thc basal
parts or the lungs.

In addition. during data acquisition a sccond en
ergy window. sel from 96 to 144 keY 14 was used to 
sample scaltcr information. Follwing standard dala 
evaluation for renal clearance calculation. different 
rrnctions or tile scatter images rrom O to 80 % were 
subtracted from lhe original photopeak or the back
ground ROl. 7

· 
14

" 1
'' As a second method of scattter

correction a constant rraction of I to 5 % of the 
activity or the renal RO!s was subtractcd rrom thc 
background ROi without measuremcnt of scattered 
radiation. 

In ordcr to recognisc bolh differences and both 
patient groups basing on scattercd radiation and thc 

success of thc correction for scattered radiation, we 
introduced thc slope S of the retention curve given 
by the logarithm of the retention value at 24 min 
(R,4111,,,) devided by the retention value at I 2 min
(R

12
11111,), as given in equation 2. Thcse slope values 

of both patient groups are not directly comparable 
since they are dependent of the respective clearance 
valucs. Thcrefore. slope values were normalised 
with thc individual clearance of the respectivc pa
tient. Whcn starting from a one compartment 
model,17 the slope of the retention curve is a direct
measure for the respective clearance. Thus, an in
dex derived by dividing the slope and the elearance 
(CI) should be constant. Any deviation of this index
between both patient groups should, therefore, be
due to scattered radiation.

S= In( R24min) R12min (2) 

For reasons of practicability we normalised the 
terived index I according to equation 3 with a factor 
F as given in equation 4 in order to yield values 
ncar unity without any dimension. 

s 
l=--F 

Cl 

78 

2.Cl, 

F= 78 R24min 

i=I ) 

t1
1

{ Rnmio i 

(3) 

(4) 

Data are given as mean ± one standard deviation. 
Curve fitting was quantitied by the linear regression 
coefficient, r and the standard error of the estimate 
(SEE). The difference between both patient groups 
was calculated with a two-tailed t-test aecording to 
Wilcoxon for unpaired data, with p < 0.05 consid
ered to be statistical significant. 1x

Results 

Scctlter correction with 111ecr.rnre111ents ol a scattered 
.fim:lion 

The elTect of an increasing correction of a scattered 
fraction in thc background ROi on the correlation 
of thc calculated index and modifled hippuran clear
ance according to Oberhauscn in both paticnt groups 
is given in Table 1. Without scattcr correction the 
indices of both patient groups are different from 1 
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Table l. E!Tect of subtraclion of different fractions (Fin%) from the scatter window ol' the photopeak from the background
ROI on the indices ([) in both patient groups with fast or normal reno-vesical transport (A: n = 47) and in patients with 
prolonged reno-vesical transport (B: n = 31) and its effect on the correlation (r1

, SEE) to the modified Oberhausen clearance. 
The latter was 358.0 ± 84.4 and 253.0 ± 156.8 ml/min/1.73 m1 in group A and group B, respectively. 

Group A (n = 47) 

F I r2 SEE 

o l.075 0.354 0.183 0.323 
20 1.067 0.335 0.223 0.299 
40 1.043 0.289 0.354 0.235 
60 1.026 0.265 0.444 0.200 
70 l .001 0.239 0.564 0.159 
80 0.944 0.265 0.407 0.206 

with figures of above I in group A and figures of 
below l in group B. In consequence, the correlation 
between index and clearance is low with r2 = 0.183 
in A and r2 = 0.228 in group B. With an increasing 
subtracted scaller fraction F the difference in bolh 
groups diminishes. The indices are converging to 1. 
In consequence. the correlation between index and 
hippuran clearance becomes gradually closer. An 
optimal subtraction is yielded by subtracting 70 % 
of the scatter window from the photopeak window 
in the background ROi. Consequently, the indice� 
are almost I with r2 reaching a maximum and SEE 
reaching a minimum. With increasing subtraction 
of 80 % the correlation worsens again. This is due 
to an overcorrection. 

Seul/er corrrection without mea.rnrement ci .1·cat

terecl rndiation 

The clTect ol' diffcrcnt scatter corrrcctions without 
direct measurement of the scattered fraction on the 
corrrelation of index and clearancc valucs in both 
patient groups is givcn in Table 2. Yarying degrees 
of the photopeak of the rcnal ROis ranging from 1 
to 5 % were subtracted from the photopeak of the 
background ROi. Without any scatter correction the 
indices of both patient groups are different from 
unity again. With an increasing subtraction F this 

Group B (n = 31) 

1 r2 SEE 

0.886 0.479 0.228 0.428 
0.898 0.460 0.275 0.399 
0.935 0.429 0.404 0.337 
0.961 0.427 0.465 0.318 
0.998 0.452 0.487 0.329 
1.085 0.607 0.348 0.498 

difference reaches a minimum when subtracting 3 % 
of the scatter window from the photopeak window. 
In consequence, the indices in both patient groups 
are converging at I with r

2 reaching a maximum 
and SEE reaching a minimum. Again, an increase 
of subtraction to 4 and 5 %,. respectively, worsens 
the correlation of calculated index and hippuran 
clearance indicating overcorrectin. 
Since the best correlation of the calculated index 
and hippuran clearance is reached with a subtrac
tion of 70 % of the scattered window of the back
ground ROi, corresponding to an optimum compen
sation for scattered radiation. this method is usede 
for the following an calculations. 

!,;fluence c�f' scatter correctio11 011 rena/ c/earn11ce 

esti111atio11 

The scatter corrected clcarance (Cl
5
c) is shown ver

sus the modil1ed Oberhausen clearance (CL,n1) in 
Figure 1. As could be expected, the clearance was 
singificantly higher in patient with normal or fast 
reno-vesical transport (squares) as compared to pa
tients with prolonged reno-vesical transport (circles): 
358.0 ± 84.4 versus 253.0 ± 156.8 ml/min/ 1.73 rn2. 
Correlation equations and correlation parameters 
with respective renal clearance values with and with
out scattcr corrcction are given in table 3 for di ffer-

Table 2. Effect of substraction of different fractions (Fin%,) from the photopeak of lhe kidney-ROI from the background-ROI 
on the indices (1) in bolh patienl groups wilh rast or normal reno-vesical transport (A: n = 47) and in palients with prolonged 
reno-vesical transport (B: n = 31) and its effeet on lhe correlation (r1

• SEE) to the modilied Oberhausen clearanee. The laller 
was 358.0 ± 84.4 and 253.0 ± 156.8 ml/min/1.73 m' in group A and group B. respectively. 

Group A (n = 47) Group B (n = 31) 

F I 1� SEE I r2 SEE 

o 1.063 0.308 0.407 0.241 0.904 0.296 0.089 0.294 
1 1.041 0.283 0.449 0.213 0.938 0.265 0.187 0.249 
2 1.015 0.257 0.500 0.184 0.977 0.251 0.350 0.211 
3 0.986 0.232 0.551 0.157 1.021 0.287 0.446 0.222 
4 0.951 0.216 0.543 0.148 1.()74 0.436 0.332 0.371 
5 0.909 0.240 0.343 0.197 1.138 0.855 0.174 0.809 
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Figure l. Scattcr correctcd (Cls,) versus rnodified Ober 
hausen clearance (Clrn1) in ml/min/1.73 m2 in 47 patients 
with normal or fast (squares) and 31 paticnts with pro
longed (circles) rcno-vesical transport. Note. two patients 
with obstructivc uropathy and concomitant decreased renal 
fuction (filled circles) in whom renal function would have 
been underestimated without scattcr corrcction by 43.5 and 
46.7 'lr, respectivcly. For correlation equation scc Table 3. 

ent patient groups. In 47 patients with normal or 
rast reno-vesical transport (Table 3, group A) an 
excellent correlation of clearance values with and 
without scatter correction was yielded. 

estimated by 43 .5 and 46 .7 %, respectively. 
Without these two patients (table 3, group B with

out 2) correlation of scatter corrected clearance and 
Oberhausen clearance was as goood as in group A 
(r2 = 0,993; SEE: 13.5 ml/min/1.73 m2). 

Discussion 

Pa1hopln-siologv 

According to the delinition of renal clearance (see 
equation 1) both parameters of the fraction, i. e. 
slope of the retention curve and plasma concentra
tion of radioiodine-hippurane, can be measured di
rectly. This physiologic and cornpartment-free ap
proach was proposed by Oberhausen4·5 using a who
le body retention curve with renal and urinary blad
der shielding. In recent tirne this rnethod was modi
lied by using a large-field-of-view garnma carnera.' 
However, this implies that both the renal and the 
background ROi are in the same field-of-view of 
the gama camera used. Therefore, scattered radia
tion from the kidneys into the background ROi is 
implicitly a more pronounced problem when com-

Table 3. Correlation or modilied Oberhausen clearance with (CI,) and withoul (CI"') optimal scaller correetion (r2
• SEE in

rnl/min/1.73 m2) in different patient groups with fast or normal rei;o-vcsical transport (A: n = 47) and palients with prolongcd 
reno-vcsical transport (B: n=3 I ). with and without thcsc bolh patients with obstructivc uropathy and concomitanl decrcascd 
renal function. 

Paticnts 
GroupA 
Group B 
Group A plus B 
Group B withoul 2 
Group A plus B without 2 

11 
47 
31 
78 

29 
76 

In 31 patients with prolonged reno-vesical trans
port (Table 3, Group B) we found a very good 
correlation of lhe clearance values with and wilhout 
scatter correction with al somewhat enlarged SEE 
(r2 = 0.956: SEE = 32.7 ml/min) as well. 

In two of 31 patients (Figure 1, filled circles) with 
prolonged reno-vesical transport and concomitant de
creased renal runclion correlation between scatter 
correctcd clearance and rnoditied Oberhausen clear
ance was bad. The clearance values wilhout scatter 
correction were 140 and 160 rnl/min/1.73 m2, respec
tively. On the other hand, when correcting for scat
tered radiation the clearance values were calculated 
as to 248 and 300 ml/min/1.73 m2• Thus, without 
scatter correction clearance would have been under-

Corrclation equation, r2 SEE 
CI, = 0.98-Cl011 + 4.9 0.tJ90 8.3 

C(= 0.96-Cl,n, + 22.4 0.956 32.7 
CI,,= 0.95-Clo11 + 19.6 0.970 21.8 
CI"= 0.99-CI,n, + 6.5 0.9tJ3 13.5 
CI.si= 0.tJ9-Clo11 + 6.6 0.<)93 10.7 

pared to a whole body counter as proposed by Ober
hausen. In order to mini mize this problem, the back
ground ROi is positioned as far away from the 
kidney ROis as possible. 

However. even with these assumptions we could 
show that approximately 3 % of the photopeak of 
the renal ROis become etTective within the back
ground ROi. This correponds lo a correction of 
scattered radiation in the background ROi of about 
70 % of scattered radiation measured in an energy 
window from 96 to 144 ke V. 14 These observations 
are in good agreement with data reported in the 
literature. 14-"' 

In our patients we found a very good correlation 
of renal clearance calculated with and without scat-
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ter correction in ali patients with rast or normal 

reno-vesical transport (see table 3, r2 
= 0.990). This 

holcls true as well in 29 of 31 patients with a pro

longecl reno-vesical transport (r2 
= 0.993). However, 

in 2 patients with prolonged reno-vesical transport 

the hippuran clearance was underestimatecl by about 

35 %. In these patients clearance values were not 

confirmecl by an independent reference met hod. 1'1 

Therefore. even clearance values arter scatter cor

rection may be underestimated. However, since we 

found very good correlation or the calculated clear

ance values with and without scatter correction (r2 
=

0.993) in the remaining 76 patients this may serve 

as an argument that we did not introduce artefacts 

with the scatter correction performed. 

Two main factors could be shown to be important 

for the underestimation of renal clearance without 

scatter correction. The effect of a prolonged reno

vesical transport with a corresponding accumula

tion tirne of the time-activity-curves is easy to re

cognise since time-activity curves of renal and back

ground ROls are-non parallel. Morcover, the simul

taneously decreased renal function is imperative for 

the underestimation of renal clearance as well. A 

scatter fraction of about 3 % or the photopeak of 

the renal ROi yields predominantly to an increase 

of late retention values. Therefore. a llat retention 

curve will be influenced more than a steep one. 

This implies that a reduced renal runction will be 

in!luenced more than a normal renal function as 

could be expected from the so-called Oberhausen 

tables: a change or the rraction of retention values 

at 2 and 24 min p. i. (= E/D according to the 

Oberhausen tables) yields to less pronounced change 

in the slope of the retention curve in patients with 

normal renal runction (E/D = 0,5) as compared to 

patients with markedly decreased renal runction 

(E/D = 0.9). 

Clinicol up11licalio11s 

A markedly larger influence or scattered radiation 

has to be expected when positioning the background 

ROi in the near vicinity of the kidneys.7 In patients

with obstructive uropathy and decreased renal func

tion hippuran clearance will be underestimared 

markedly. Therefore. in routine ptient management 

the background ROi will be positioned in the larg

est possihle distance to the kidneys. However. this 

distance is limited by the rielcl-of-view of the 

gamma camera used. 

Since even under these conclitions a scatterecl 

radiation fraction of about 3 % of the photopeak of 

the kidneys can be expected, this should be consi

clered in patients with decreased renal function ancl 

obstructive uropathy. In these patients one should 

be aware of a marked underestimation of the clear

ance values calculated. 

As could be shown in this paper the correction 

for scatter radiation can be performed a posleriori 

easily. However. this implies the acquisition of in

formation related to scattered radiaton in a second 

energy window during routine renal scintigraphy. In 

daily patient management renal function scintigra

phy can be corrected for scattered radiation i f the 

calculated hippuran clearance and time-activity-cur

ves of the kidneys suggest an underestimation of 

the hippuran clearance calculated. 

Since the measured scatter fraction of the back

ground ROi by the photopeak of the kidney ROi s of 

about 3 % is dependent on severa! factors, i. e. 

square or the distance of background ROi and kid

ney ROls. body-weight this results in an enormous 

intra- and interindividual scatter. Therefore, its nu

meric value should be restricted to scientific work 

and. thus, should not be used for scatter correction 

in an individual patient. 

!vle!l10do/ogicol co11sidern1io11s 

In order to document an elTective correction of scat

tered radiation we had to use a measure which is 

independent of the slope or the retention curve in an 
individual patient. Therefore, we started from the 

ordinates of the retention curves at 12 and 24 min 

as given by Oberhausen. These can be taken di
rectly since the logarithm of this rraction is a direct 

measure for renal clerance when using a one-com

partment model. 17 Normalising this slope by the 

individual renal clearance of the respective patient 

yields to an index which is independent of the indi

vidual renal runction of the patient investigated. 

Since this index does not serve as a quantitative 

measure for the clearance itselr and since we used 

this index simply to cornpare two patient-groups. 

the error introduced by a one-compartment model 17 

can be neglected. 

Thus. the differences or this index between two 

patient-groups indicate a lack or correlation of the 

slope or the retention curve and renal clearance. 

Since the only dilTerencc or these both patient

groups was the reno-vesical transport. differencc of 

this index between both the groups is caused by 
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different effective fractions of scattered radiation. 
Therefore. the index introduced is a measure for 
scattered radiation. 

Although the numeric values of the index derived 
from the individual patient cxhibit a relative largc 
scatter, we could introduce a measure for the effect 
of scatlered radiation by the division of our patients 
in two groups with di!Tercnt reno-vesical transport. 
This is supportcd by thc ract that the indiccs go 
systematically in one direction with increasing cor
rection or the scattered fraction. This could be 
shown statistically significant (p < 0.05) by a modi
fied t-test calculated from the singlc values of cor
relation coe!Ticienls. 1" 

Since thc introduced index is 01· basic importance 
in order to measure the degree or scatter correction 
its behaviour shall be discussed in detail. First. the 
index used was normalised at I for belter readabil
ity. In patienls with normal or fast rcno-vesical 
transport scatter from the kidneys in the background 
ROi is not e!Tcctive. Therefore the indexs is near 
unity. On the other hand. in casc of e!Teclive scat
tered radiation from the kidneys into thc background 
ROJ in patients with prolonged reno-vesical trans
port the retenlion curvc will be flattened artificially. 
Therefore. thc index is below unity. In case of an 
overcorrcction or the scatlercd radialion thc index 
will be above unity. 

According to the definition of clearancc (sec equ
ation 1) both parts 01· the fraction will change in the 
same direction with changing clcarancc valucs. 
Thus, clcarance valucs can be estimated from mea
surements 01· thc plasma conccntration of the 
tracer211-2; or from calculations or the slope or thc 
time-activity-curve or the background Ro1 2r�,x as 
well. With the clcarancc estimation by measure
menl of the plasma concentration 01· the radiophar
· maceutical at any tirne arter injection there won't
be any problem with scaltercd radiation from the
kidneys since no timc-activity-curvc rrom the back
ground ROi is used for clearance estimation.211-22- 25

On the other hand. this mclhod implies thal there is
a comparable distribution or the tracer in ali body
compartmcnls betwccn ali paticnts invcstigatcd .
Thereforc, clearancc cslimation by singlc measure
ments or plasma concentrations are not valid in
paticnts with non-homogcnous distribution or thc
tracer in thc rcspectivc compartments. The same
holds in principle for clearancc estimation from the
slope or the retention curves akine."•-29

These limitations do not hokl for the clearance 
estimation method according to Oberhausen since 

bolh parts of thc clearance equation do change in 
the same sense. Therefore. even if in an individual 
patient tracer distribution in the different compart
ments of the body vary numeric values of radio
iodine hippuran clearance will be calculated cor 
rectly. Moreover, it was shown. that the background 
ROJ used with a modified Oberhausen method, is 
representative for thc background ROJ of the partly 
shielded whole-body configuration." 

Conclusions 

Scattered radiation yields to an underestimation of 
thc calculated radioiodinc hippuran clcarancc using 
the modined Oberhausen melhod in a few patients 
only. However. this is of importance in patients 
with obstructivc uropathy and concomitant decreas
ed renal function. The effective scattered radiation 
should be minimised CI prion· by the maximum 
possible distance of the background ROJ with re
spect to the kidney ROls. Scatter correction can be 
obtained easily CI posteriori by using and additional 
energy window collecting scaller data during the 
acquisition of renal function scintigraphy. 
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