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Objective: This study aims to determine if normal absolute
uptake values of dimercaptosuccinic acid (DMSA) can be
predicted accurately over the optimal time for imaging.
Methods: Eighty-eight normal kidneys were analyzed from
44 children with a median age of 4 y. The mean time be-
tween injection and scan was 171.7 min. The absolute up-
take of DMSA in milligrams was calculated for each kidney.
Results: A strong positive linear relationship was found
between the absolute uptake of DMSA and the amount of
DMSA injected in milligrams (corr = 0.940 [P < 0.0005]), and
the age of the child (corr = 0.770 (P < 0.0005)). Multiple
linear regression showed that these 2 factors accounted for
92.2% of the change in absolute DMSA uptake.
Conclusion: The absolute uptake of DMSA can be accu-
rately predicted using a linear regression equation incorpo-
rating the amount of DMSA injected in milligrams and the
patient’s age. Time between injection and scan appears to
play little role in the absolute uptake of DMSA over 2-4 h.
Key Words: DMSA; absolute uptake; quantitative measure-
ment; kidney function
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Several authors have shown that absolute uptake of;,

renal imaging agents. Autoradiographic studies reveal in-
tense labeling at the site of the proximal and distal tubules
leading to a cortical-to-medullar uptake ratio of greater than
20:1. At 2 h postinjection, approximately 50% of the dose is
retained by the kidneys in the rat model, leading to a very
high kidney-to-liver ratio of 35:1. At this point, there is also

a lack of visualisation of the urinary collecting system,
which allows optimum time for imaging and relative uptake
measurements. Oac2 h postinjection is reached, kidney
uptake of DMSA increases (more slowly) until 6 h, when a
plateau is reached. It can be postulated that the uptake rate
from 2—6 h is stable and dependent on the patient’s renal
function. This relationship has been argued by Flower et al.
(12), who determined that a 4-h delay postinjection pro-
vided a reasonable compromise between image quality re-
quirements and absolute uptake measurement accuracy.
This delay, however, is still longer than usual.

This study was designed to investigate the relationship
between absolute uptake of DMSA and a combination of
measurable factors (age, sex, time between injection and
scan, and amount of DMSA complex injected) for the range
of normally used scanning intervals in most departments
(2—4 h postinjection). It was hoped that an understanding of
this relationship would enable absolute uptake of DMSA
easurement to become part of the standard DMSA proto-

DMSA is a viable proposal and that it provides additional .| without the need for additional patient attendance.

information about the functional status of the kidnes4).

Research Questions: Can a regression equation be used to

In most cases, it has been argued that absolute uptakgcyrately predict the absolute DMSA uptake in pediatric

measurements should be performed attl6dspostinjection

patients with normal functioning kidneys? Can this relation-

(8,9), by which time it has been postulated that the uptakepip pe used to predict the unknown absolute uptake of a

has reached a plateau. However, for imaging with highyegiatric kidney and determine if it lies within the normal
count statistics, a time interval of only 2-4 h betweenygnge?

injection and imaging is optimal. This limitation poses a

practical problem: To combine the properties of good-qual-
ity images and accurate quantitative uptake measurementdATERIALS AND METHODS

to gain the maximum information from the investigation,

The research strategy consisted of a statistical audit or

the patients would likely need to attend the department on 3yrvey. The reference population was children between the

separate occasions.

99™Tc DMSA is a kidney imaging agent introduced in

age of 3 mo to 16 vy, inclusive.
The study population consisted of children in the South-

1974 by Lin et al. 10) as a substitute for organomercurial |and region of New Zealand who were being investigated
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for urinary tract infections. To be included in the study, the
children needed to be between 3 mo and 16 y of age and
needed to have been free from urinary tract infections for at
least 3 mo. Children outside the age range were excluded, as
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were those with suspected or proven infections within the 3nstruments of Measurement
mo before the examination. Subjects were recruited from A single-head gamma camera (Millennium; General
those children who were sent for DMSA scintigraphy atElectric Medical Systems, Milwaukee, WI) with a rectan-
Southland Hospital Department of Nuclear Medicine. gular field-of-view was fitted with a low-energy, parallel
hole collimator and was used to record all isotope data. For
both patient data collection and syringe (pre- and postinjec-
For each subject, the injection syringe was first countedion) data collection, the same imaging couch (Millennium
on the gamma camera and the total volume of the reconstimaging couch) was placed between the source and the
tuted DMSA kit was recorded, as was the volume anddetector to standardize this attenuation factor.
activity of the injection. Subjects were all injected intrave- _ . .
nously via indwelling cannulas, which were removed after!SSue Attenuation Correction
use. The dose syringe and cannula assembly was then re-The linear attenuation coefficient f6P™Tc in tissue is
counted and recorded. Subjects returned for imaging (2—4 A.153/cm 12,13; however, the effective attenuation is ac-
postinjection) and were scanned as per the normal routine ilally less due to scatter14,15,16 Therefore, the values
the department (256-word matrix, low-energy high-resolu-used for attenuation in tissue were 0.12 Cnfor the first 5
tion collimator). For the purpose of this study, a 10-minCM and 0.14 cm* for each additional 1 cm of renal depth.
posterior acquisition was used for placement of regions of his offered a better estimate of the effective attenuation
interest (ROIs) for each kidney and for background subtrac¢efficient. Kidney renal depth estimations were made for
tion. Background regions were corrected for area, and thi§€ach kidney using the Tonnesen equatibi) (
value was subtracted from the kidney counts obtained.
The method for calculation of°™Tc-DMSA absolute
uptake in milligrams of DMSA complex in each kidney was
as follows: Counting the Dose on the Camera
When counting samples on the Millennium gamma cam-
DMSA, = Volumg X (DMSA;)Volume;) era, GE Medical measurements of dead-time losses have

DMSA, = (counts kidney’counts injectedf X DMSA, shown that Iossgs of approximately 1% were experienced at
55MBq, increasing to approximately 6% at 185MBg. The

Procedure for Obtaining Data

Rt kidney depth (cm)= 13.3 X (wt in kg/ht in cm)
Lt kidney depth (cm)= 13.2 X (wt in kg/ht in cm)

Where: manufacturers of the camera concluded that the maximum
dose that should be counted on the camera is 185MBq (18).
DMSA, = Injected DMSA in mg Because the adult dose 8f™Tc-DMSA given in the de
partment is 185MBq, and because all the participants in this
Volumg = Volume injected in ml project were children (who were given less than 185MBq),
counting the dose on the camera did not represent a signif-
DMSA; = Total DMSA in the vial in mg icant error due to dead-time losses in this case.

Recording the Isotope Data

All isotope data were recorded on the computer system.
DMSA, = Uptake by the kidney in mg Ti_ie matrix size was th_e same for all data acquisitions
(kidneys and dose counting) 256 X 256 word matrix. To
*Corrected for decay and tissue attenuation for each kidneynaintain a uniform field for counting, the whole field-of-
view was used for the dose count analysis. For the patient
**Preinjection syringe— (postinjection syringe measurement (kidneys, background and injection site),
ROIs were drawn manually by the same operator for all
+ cannulacorrected for decay. gypjects. Background counts were calculated per pixel and

then applied appropriately to each kidney ROI, dependent
Subjects classified as having normal renal function werey its size.

those who had 2 kidneys, no scarring on either kidney on the
planar DMSA images, a differential DMSA uptake mea-

Volume, = Total volume of the reconstituted vial in ml

surement of 50%*+ 5%, and a creatinine plasma level Table 1
within the normal limit for their ages. Mean and standard deviation of DMSA absolute uptake
Statistical testing for strength of association *8f"Tc- (mg) for girls and boys

DMSA absolute uptake and various measurable factors such

as age, sex, time between injection, and scan and amount of Mean DMSA Standard Number of
. . . . Group uptake (mg) Deviation kidneys

DMSA injected was performed. Ninety-five percent predic- — oS 500803 5

; P : emale .015 . 5

tion intervals were produced for predicted valueS%iTc Male 0.01839 001023 >

DMSA uptake.
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Boxplots of Absolute by Sex DMSA uptake against Age
(means are indicated by solid circles)
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FIGURE 1. Box-plots of absolute uptake of DMSA by sex. The
box represents Quartile 1, Median and Quartile 3 of the data points. FIGURE 2. Scatter-plot of age of child against DMSA absolute

Whiskers show min to max data points, out to 1.5 X Interquartile uptake.

range. The mean is indicated by a point within the box.

ues were found to be normally distributed with a SD of
Radioisotope Information approximately 9%. Based on this information, the required

For all subjects, the same generator-pharmaceutical combf@mple size for a margin of error of 2% with a 95%
nation was used (Australian Radioisotopes [ARI] Molybde-confidence interval was 77 data subjects (kidneys).(
num-2"Tc [**Mo-2°"Tc] generator and Amersham Interna Each kidney was treated as a separate entity, with each
tional (U.K.) DMSA Agent). The radiopharmaceutical was normal patient contributing 2 data subjects to the study.
reconstituted by the same operator in accordance with the FOr the regression analysis, the dependent (outcome), or
manufacturer's instructions, and labeling efficiency was detery, Variable was defined as the absol?f['@Tc-DMSA uptake
mined with thin layer chromatography kits designed for testingn @ kidney in milligrams. Possible independent (explana-
DMSA. Patient dose was determined by weight, by calculatin®rY), Or X, variables were time between injection and scan
the fraction of the standard adult dose used in the departmeht Minutes, age of subject, sex of subject, and amount of
(185MBgq for a 70-kg adult) that each child should receive. The®MSA injected in milligrams.
99mTc_ DMSA complex was injected into all subjects intrave T he outcome of this project was evaluated by using the
nously via a heparin-free indwelling cannula flushed withStatistical information presented to determine if future ab-
saline pre- and postinjection. Postinjection, the entire cannulfelute DMSA uptake values can be confidently predicted for
and syringe assembly was measured. specific values of the explanatory variable(s). A 95% con-

fidence interval was used to assess the accuracy of the mean

Subjects absolute DMSA value. For the prediction of unknown fu-

In total, 44 children (88 kidneys) were eligible for the
research program, 28 girls and 16 boys. The median age of

the study subjects was 4 vy, range 0.4-15y. DMSA uptake against DMSA injected
Statistical Design
Compared with data from other published papers on the — %% 7 s .
calculation of**™Tc-DMSA absolute uptake2(5), the vat £ :: .
% 0.03 — b .
£ .
Table 2 (<;:) 002 . 3
Correlation of paired variables > * .;:
% "' ¢ b
Correlation Correlation 5 o001 — ,l"-' . "
Variables Plotted (Pearson’s) P-value grade é ll:f .
]
DMSA uptake v Age 0770  <0.0005  HIGH < 000 —
DMSA uptake v Time 0.223 0.036 POOR ' T T T
DMSA uptake v DMSA inj.  0.940  <0.0005  HIGH 0.02 0.12 0.22
Age v Time 0.238 0.025 POOR Total DMSA injected (mg)
Age v DMSA inj. 0.671 <0.0005 GOOD
Time v DMSA inj 0.158 0.140 POOR FIGURE 3. Scatter-plot of DMSA injected (mg) against DMSA
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absolute uptake.
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Table 3 was 0.16 with an associated P value of 0.690. This indicated
Correlation of paired variables with case number 6R and that the groups were from the same population, and that the

6L excluded differences in the mean DMSA uptake in milligrams be-
Variables Plotted Correlation Correlation tween girls .and poys were not §tat|st|ca!ly 5|gn|f|capt. .
Excluding case 6R&L  (Pearson’s) P-value  grade The relationship between pairs of variables was investi-
DMSA uptake v Age 0.802 <0.0005 HIGH gated to dgtermme |f. any 2 explanatory variables were
DMSA uptake v Time 0.217 0.045 POOR related. This factor might have accounted for part of the
DMSA uptake v DMSA inj. ~ 0.943 <0.0005 HIGH pairs’ relationship to an outcome variable, due to the over-
f\ge v E"'\“A”SA N 852? g-gggs gggg lap of predictive information. Table 2 shows the correlation
ge v inj. . <0. . .
Time v DMSA inj 0.148 0.174 POOR of the paired variables that were analyzed.

Two explanatory variables, age and DMSA injected, ap-
pear to show high correlation with the outcome variable.
. These 2 variables also showed a good (moderate) level of
ture normal values, 95% prediction intervals were calcU-qrrelation with each other. This finding would seem sen-

lated. sible; the older the child is, generally more DMSA complex

Significance t.estmg was used to evaluate the claim tha‘}m" be injected because more radioactivity will be given
explanatory variable(s) and absolute renal uptake are posi-

: : L A and, therefore, more volume from the vial (assuming the
tively associated. The decisive value of P (significance™. " ; . . . .
vial is reconstituted to give a fairly consistent concentration
level) used was 0.05. . L e . . .
of radioactivity per milliliter). This relationship may result
RESULTS in an artificially higher correlation to age and absolute
o o DMSA uptake than is really deserved. The 2 variables, age
_First, it was necessary to determine if the results fromang DMSA injected, are inseparably linked in this study.
girls an_d boys could be regarded as coming from a singleryis factor was a weakness in the study design.
population. It was assumed that there was a random sam- Thg geatter-plots in Figures 2 and 3 show a visual assess-
ple(s) from the population(s) (girls and boys). One-wayment of the correlation and also helped to identify any
ana_lys_ls Of_ variance (ANOVA) was qsed to assess th%utliers or extreme values. An outlier was noted in Figure 3,
statistical significance of any difference in the sample. TableDMSA uptake against DMSA injected”. In this plot, this

1 displays the mean DMSA uptake (mg) and SD for gIrISvalue lies away from the trend. After careful checking of the

and boys. . . : . .
Figure 1 shows side-by-side boxplots of absolute uptaké)rlglnal data, it was decided to exclude this child from the

for girls and boys. The boxplots indicate that the datavalue?nalyS'S. (case numper 6R.and 6".)' Ta'ble 3 shows the
from the 2 groups have a significant crossover, with the gir|§orrelat|0n for the paired vanable; with this case excludgd.
(1) having 1 outlier and the boys (2) having 4 outliers. The The removal of case no GR&L increased the correlation
ANOVA analysis computed an F statistic. Comparison ofValué of DMSA uptake against age, as expected. It also
the means was accomplished by using the F statistic, whiclficreased the correlation between age and DMSA injected,

Residual Plot of DMSA uptake
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Plot of Residuals V Fits
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FIGURE 5. Residual plots excluding the 4 Residual Fit
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but made no significant difference to the correlation be-4nfluence on the regression analysis and on the error, and,
tween DMSA uptake and DMSA injected. therefore, the confidence and prediction intervals.

Multiple linear regression was performed on those ex- The cases responsible for these large residual values were
planatory variables that showed a linear correlation with thecarefully assessed. The plot of residual versus fit also revealed
outcome variable (DMSA uptake [mg]). These variables4 large values (2 above and 2 below the zero line), indicating

were age and DMSA injected (mg). these points are extreme in the regression model. The data
The multiple linear regression equation for this relationshippoints showed that the large residual values belonged to 2
is as follows: children (4 kidneys). The large positive residuals belonged to

B case 20R&L, a 14-y-old boy injected with 0.1580 mg of
DMSA absolute uptakemg) = DMSA. The large negative residual belonged to case 37R&L,
— 0.00266+ (0.000495% age a 15-y-old boy injected with 0.1780 mg of DMSA. Both cases
+ (0.190 total DMSA injectedimg)) were exceptional in this dataset in that they had a large amount

of DMSA injected as compared with all the other cases, mainly
The ANOVA F statistic for this regression 441.80 with

a P value of< 0.0005. The squared multiple correlatioA R
was 0.914; this finding indicates that the proportion of the
variation of the outcome variable explained by the explan Plot of Age v DMSA uptake
atory variables in the multiple linear regressien91.4%. ¥ = 7.045-08 + 1.51E:03X

The multiple correlation coefficient R was 0.95; this indi- Froa-sha

cates that the correlation between the observed values of the oo
outcome variable (DMSA uptake [mg]) and the predicted
values, as given by the multiple linear regression analysis
= 95%. The estimated SD from the regression linets)
0.002476.

Checking the residuals is an important step in regressio
analysis, as this determines if the regression analysis
appropriate for the data and detects any points that may n
fit the model well. Figure 4 shows plots of the residuals voos | . —
versus predicted values of the outcome variable (absolute L I 95% Cf
DMSA uptake [mg]). 0000 — T ] T

The normal quantile plot of the residuals appeared to show 0 ®
2 unusual observations lying below0.005 and 2 lying above Age(Yrs)
0.005. The chart of residuals versus observation number alﬁﬂGURE 6. I , _ _

. ot of 95% confidence intervals for age of child

showed these 4 unusual points, 2 Iy'ng above and 2 Iy'nggainst DMSA absolute uptake. Confidence intervals are used to
below 3 SDs from zero. These observations would have a largstimate the mean of the future observations of the population.
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Plot of DMSA injected v DMSA uptake
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FIGURE 7. Plot of 95% confidence intervals for DMSA injected

against DMSA absolute uptake.

because they were much older subjects. Although these
children did serve to extend the useful range of the study, the

were not enough cases to do so accurately.

Because of the large residual, which would have a con
siderable impact on the results, these 2 cases were exclude
from the analysis. The regression analysis was repeated
the residual plots re-examined. Figure 5 shows the residu

Plot of DMSA injected v DMSA uptake
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FIGURE 9. Plot of 95% prediction intervals for DMSA injected

against DMSA absolute uptake.

The F statistic for the multiple regressien441.8 with a P
\?alue of< 0.0005. The R= 0.922 (92.2%) with an R value

6 0.96 (96%). The SD for the multiple regression is 0.002017.

All these values are slightly better than before the exclusion of
fh(f 2 extreme cases, which indicates their significance.
Confidence intervals were calculated for each of the

gggression coefficients. Figures 6 and 7 show the 95%

onfidence intervals for this model for each explanatory

ElOtS for D;VEA Upt?ke. (m?r)]’ excludllng thet_sle 2I Cth_'ldren'variable. This also shows how the data fits the model and
ecause of this exclusion, the normal quantile plot is more,.. .~ astimated range for the model.

linear and the chart of residuals versus observation numb

does not exceed the 3 SD line.

The new regression equation is:
— 0.00325+ (0.000495% age + (0.198x DMSA injected

Plot of Age v DMSA uptake
Y =7.04E-03 + 1.51E-03X
R-Sq=54.8%
0.04 —
0.03 —
2]
=
a
© 002 —
=] LA
© LT
w0 _‘." s
2 0.01 —f : M
: . N '/"/ = Regression
’/‘/-/ ----- 95% Cl
o0 — . — - 95%PA
T T T T
0 5 10 15
Age(Yrs)
FIGURE 8. Plot of 95% prediction intervals for age of child

against DMSA absolute uptake. Prediction intervals are used to
estimate a single future observation within the population.
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To predict future observations, 95% prediction intervals
were constructed. Figures 8 and 9 show the plots for the 95%
prediction intervals, and clearly reveal that the prediction in-
tervals are farther from the least square line than are the
confidence limits. This is because the interval for a single
future observation is larger than for the mean of its subpopu-
lation, and is one reason why a large population is needed
when constructing a model for future predictiod8)(

DMSA uptake against Time between injection & scan
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FIGURE 10. Plot of DMSA absolute uptake against time be-
tween injection and scanning.
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Age against DMSA injected
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FIGURE 11. Plot of age against DMSA injected (mg).

Finally, a prediction interval for the model was computed to
indicate the margin of error for any future individual observations;

Predicted normal pediatric DMSA

absolute uptakémg) (2-4 h =

— 0.00325+ (0.000495% age[y])

+ (0.198X% total DMSA inj [mg]) = 0.00409 mg

DISCUSSION

shown by Figure 10. These results, although unexpected,
are important.

Normally, vials of DMSA are reconstituted solely on the
basis of radioactive concentration for ease of dose with-

drawal at that session time. These results imply that DMSA

uptake may be positively associated with the radiopharma-
ceutical concentration (mg/MBq). This factor should be
kept in mind when reconstituting the DMSA kit and pre-
paring patient injections.

Age was also an influential factor. In part, this finding
may be due to the fact that the relatively few older children
in this sample received a larger percentage of the reconsti-

tuted volume from a DMSA vial than did the younger

children. As a result, the older children received more
DMSA complex, which was found by the study to correlate

to an increase in the absolute uptake by the kidney. This

condition may have a confounding effect; however, it would

seem sensible that if absolute DMSA uptake is a reflection
of the amount of functional cortical mass, then this amount
should positively increase with age. The correlation of age
and DMSA uptake was fairly high (0.80), but was not

significantly higher than the correlation between age and
amount of DMSA injected (0.73). This finding indicates a

high level of overlap of predictive information.

The correlation found between the amount of DMSA
injected and absolute DMSA uptake was by far the most
dominant factor with a very high (0.94) correlation. It
implies that uptake of DMSA by the cortical cells may
depend on the blood concentration of DMSA, and that lower
concentrations may lead to lower uptake. Although direct
blood sampling was not undertaken in this study, it was

This study suggests that absolute uptake of DMSA in ghought that this could be inferred because the correlation

kidney can be predicted using the amount of DMSA in-
jected and the patient's age in the form of a multiple

held true, even with children of the same age and approxi-
mate weight. It cannot be explained as simply older children

regression equation. This study also suggests that time b&eing given larger amounts of DMSA. Figure 11 shows

tween injection and scan over this time range (2—4 h) doe

bands of children of the same age with varying amounts of

not have a significant effect on absolute DMSA uptake, adDMSA injected; when this plot is compared with Figure 2,

Prediction Intervals for Age and DIMSA uptake with a
standard injection of 0.36mg DMSA
0.1
£ 0.08 L —— Predicted DMSA
Y uptake
X
] 0.06 — Lower 95% Pl
S 004
Upper 95% Pl
2 o0 Ppe
D .
0+ :

(=]

FIGURE 12. Plot of example prediction
intervals for age and DMSA uptake with a
standard injection of 0.36mg DMSA (calculat-

10
Age (yrs)

15

ed using the regression equation).
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the same distribution can be seen with age and DMSAREFERENCES

uptake. Within these bands of same-aged children (a subq.
population), there is no predictive overlap as exists in the
group as a whole. The increase in uptake with regard to
amount of DMSA injected must be independent of age and
purely a result of the larger amount of DMSA injected. This
effect has not been described previously. However, in thes.
other studies cited, absolute uptake of DMSA was calcu-
lated on the basis of the percentage of the injected radioac-
tivity only, and not related to the actual amount of DMSA 4.
complex absorbed. This basis would tend to weaken any
relationship between absolute DMSA uptake and the vari-
able being measured (creatinine clearance, etc.). Using the
percentage of injection method only records the uptake
relative to the injected radioactive dose (not necessarily the®-
pharmaceutical component). Because this method does not
account for differences in radiopharmaceutical-specific ac-7.
tivities in the true sense (mg/MBQ), it is therefore not a truly
quantitative method of expressing function.

The prediction intervals computed for the model cannot
be used directly to predict future individual observations
because 2 independently variable factors are involved
(DMSA injected and age). However, the regression equalo'
tion determined in this study can be used to manipulate the;
DMSA injected variable to produce an expected absolute
uptake. From the model, a prediction can then be made
based solely on the patient’s age; Figure 12 uses an examﬁ
dose of 0.36 mg of DMSA. 13.

Further study needs to be done using a known standard-
ized injected dose in milligrams of the DMSA complex
correlating uptake with age to determine the relationship.l
Once this relationship is identified, it can then be used tas.
predict normality of uptake at various ages. If only a very weak
association is found, then normal absolute uptake for a kidne
can be predicted—regardless of age—using the amount 0
DMSA injected. If a significant association were found, then
age-related normal would need to be constructed.

8.

17.
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